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INTRODUCTION

The b e n e f i ts  a t t r ib u te d  to  mulching in c lu d e  s o i l  m oisture  co n ser

v a tio n , weed su p p re ss io n , and m o d ifica tio n  o f  p h y s ic a l  and chem ical s o i l  

p r o p e r t i e s .  In  th e  case  o f  decomposable organic  m ulches, the  m o d ifica 

t io n  o f  chem ical s o i l  p ro p e r t ie s  i s  o f te n  rep o rte d  to  c re a te  a  n itro g e n  

d e fic ie n c y  in  p la n ts  and a consequent red u c tio n  in  th e  growth o f  th o se  

p la n ts  (5 , 35, 3 6 ) , Because o f t h i s ,  recommendations about m ulching 

p la n ts  w ith  a decomposable o rgan ic  mulch u su a lly  s t r e s s  the  im portance 

o f app ly ing  f e r t i l i z e r  n itro g e n  along w ith  the mulch ( l l i ,  Mi, ii8, U ?), 

However, the  l im ite d  amount o f l i t e r a t u r e  on the s u b je c t in d ic a te s  th e  

need f o r  more f a c tu a l  d a ta  upon which to  base th e se  recom mendations.

The o b je c tiv e  o f  th is  s tu d y , th e re fo re , was to  determ ine the  e f 

f e c t s  on the  n u t r ie n t  elem ent com position and the growth of fo u r  in d i 

c a to r  p la n ts  when mulched w ith  two decomposable o rg an ic  mulches and 

f e r t i l i z e d  w ith  d i f f e r e n t i a l  le v e ls  o f  n i tro g e n . One mulch was wood- 

shav ings from lumber o f  the  co n ife ro u s t r e e  Pseudotsuga m e n z ie s ii; 

th e  o th e r  was woodchips (F igure  1 ) ,  d e riv e d  p r im a r ily  from prun ings 

o f  th e  b road -leaved  evergreen  t r e e  E ucalyp tus cam ald u len s is ,

1



F igure  1  A ty p ic a l  woodchips mulch be ing  examined by  th e  au th o r-



LITERATURE REVIEW

Even though r e l a t i v e l y  l i t t l e  re s e a rc h  has been re p o r te d  on 

th e  s p e c i f ic  m ulches used in  t h i s  stucty', th e  voluminous amount o f  b a s ic  

l i t e r a t u r e  a p p lic a b le  to  p la n t  re s id u e  mulches in  g e n e ra l p ro v id es  v a lu 

a b le  p o in ts  o f  re fe re n c e  f o r  in te r p r e t in g  th e  p r in c ip a l  f in d in g s  o f  

t h i s  s tu d y .

P h y s ica l P ro p e r t ie s  o f S o i l  

Tem perature

The e f f e c t s  o f  mulching on s o i l  tem pera tu re  i s  w e ll  d e sc r ib e d  

in  th e  l i t e r a t u r e  (17 , 32, 38)* A ccording to  Jack s  e t  a l .  (3 2 ) ,  th e  

u su a l te n p e ra tu re  e f f e c t  o f a  mulch, re g a rd le s s  o f  ty p e , i s  to  keep 

s o i l  c o o le r  in  summer and warmer in  w in te r ,  A le v e l in g  o f f lu c tu a t io n s  

i s  a ls o  an e f f e c t  o f  mulches on d iu rn a l  s o i l  tem p era tu res  (1 7 , l i7 ) .

In  I s r a e l ,  Lavee (38) found th a t  mulch w ith  a  th re e - in c h  la y e r  

o f  m edium -sized woods havings r e s u l te d  i n  a  re d u c tio n  o f  s o i l  tem pera

tu r e  in  e a r ly  August by as much as 20° F a t  a  s o i l  depth  o f one and 

o n e -h a lf  in c h e s . Medea I f  (17) found th a t  mulch tre a tm e n ts  low ered 

s o i l  tem pera tu re  around c o ffe e  p la n ts  in  B ra z i l  as much as 36° F (88° 

c o l la r e d  w ith  121° F ) .

Burrows and Larson (17) d e sc r ib e d  how a mulch d im in ishes th e  

am plitude  o f  v a r ia t io n  o f  tem pera tu re  o r d in a r i ly  found in  b a re  s o i l .

They a ls o  no ted  th a t  th e  te n p e ra tu re  d if fe re n c e s  betw een mulched and 

b a re  s o i l  i s  g r e a t e s t  a t  the  maximum tem p era tu re  (day  tim e) and l e a s t

3



k

a t  th e  minimum tem p era tu re  (n ig h t t im e ) .  These c o n d itio n s  may b e  

accoun ted  f o r  because o f  an  i n t e r r e l a t e d  source o f  h e a t  energy from  

th e  sun d u rin g  th e  day tim e and a low er c o n d u c tiv ity  o f  t h i s  h e a t  by  

p la n t  r e s id u e s  th an  by s o i l  p a r t i c l e s .

In  s tu d y in g  th e  a f f e c t  o f  tem p era tu re  and m o is tu re  on n i t r i f i 

c a t io n  i n  s o i l  i n  Iowa, fh rk e r  and L arson  (£2) found  th a t  e a r ly  i n  th e  

growing season  when s o i l  tem p era tu re  i s  i n  th e  ra n g e  o f  6 l-68° F, 

mulched s o i l  was abou t two degrees c o o le r  than b a re  s o i l .  They i n d i 

c a te d  t h a t  t h i s  tem p era tu re  d i f f e r e n t i a l  c o n tr ib u te d  to  g re a te r  a c t i v i t y  

o f  th e  n i t r i f y i n g  b a c te r ia  in  th e  w anner s o i l  and th u s  a  g re a te r  accumu

l a t io n  o f  n i t r a t e  n i tro g e n . 3uch d if f e r e n c e s  in  n i t r a t e  accum ulation  

were l e s s  e v id e n t where th e  tem p era tu re  o f  th e  two s o i l s  was i n  th e  

range  o f  77-86° F.

S h a l le r  and Bvans (6 l)  and Moody e t  a l .  (50) no ted  th a t  co rn  

y ie ld s  i n  th e  North C o a s ta l  United S ta te s  were much sm a lle r  under mulch 

t i l l a g e  th a n  under a  t i l l a g e  system  where th e  r e s id u e s  were in c orp o ra te d  

in to  th e  s o i l .  One m igh t i n i t i a l l y  i n f e r  th a t  th e  cause  o f  t h i s  phenome

non was a  la c k  o f  n i t r a t e  p ro d u c tio n  under the  m ulch. However, th e s e  

workers r e p o r te d  no s ig n i f i c a n t  improvement w ith a p p l ic a t io n  o f  f e r t i 

l i z e r ,  e s p e c ia l ly  o f  n i tro g e n . L a te r ,  W illis  e t  a l .  (83) showed t h a t  

e q u iv a le n t co rn  growth r e s u l te d  i f  s o i l  tem p era tu re  under a  mulch i s  

m ain ta ined  a t  o r  n ear th e  tem p era tu re  o f  the  b a re  s o i l .  They concluded  

t h a t  t h e i r  r e s u l t s  a g re e d  i n  a  g e n e ra l  way w ith d a ta  o f  Lehehbauer (39) 

who found t h a t  f o r  a  ra n g e  o f  tem p era tu re s  from a b o u t $0 to  86° F th e r e  

was an in c re a s e  i n  o a t  se e d lin g  grow th r a t e  a s  th e  tem pera tu re  In c re a s e d , 

whereas from  86 to  90° F th e re  was a  d ecrease .
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lfen W ijk e t  a l .  ( 76 ) c a r r i e d  ou t un ifo rm  mulching experim ents In  

Iow a, M inneso ta, Ohio, and South C a ro lin a . From th e se  in v e s t ig a t io n s ,  

th ey  showed t h a t  th e  low er s o i l  tem pera tu re  due to  m ulching was n e a r  th e  

minimum f o r  c o m  growth in  th e  n o rth e rn  s t a t e s ,  where th e  tem p era tu res  

a re  c o o le r ,  b u t  w e ll above th e  minimum in  South C a ro lin a , where warmer 

tem p era tu re s  p r e v a i l .  The r e s u l t  was reduced  c o m  growth everywhere b u t  

in  South C a ro lin a , th e  m ost so u th e r ly  s t a te  in  th e  3tudy .

More sev e re  f r o s t  In ju ry  has been re p o r te d  on c o ffe e  p la n ts  by 

M edcalf (U7) i n  mulched p lo t s  th a n  in  b a re  s o i l  p l o t s .  T h is r e s u l te d  

from th e  mulched s o i l  a b so rb in g  and s to r in g  l e s s  s o la r  r a d ia t io n  du rin g  

the  day and con seq u en tly  a  l e s s e r  amount o f  outw ard r a d ia t io n  o r  t r a n s 

m issio n  o f  th e  h e a t from  th e  s o i l  du ring  th e  n o c tu rn a l  h o u rs , r e s u l t in g  

in  th e  developm ent o f a  c o ld e r  la y e r  o f a i r  d i r e c t l y  above th e  mulch. 

D esp ite  t h i s ,  on ly  th o se  k in d s o f  p la n ts  t h a t  a re  o f  b o rd e r l in e  h a rd i

n ess  in  a p a r t i c u l a r  a re a  would o r d in a r i ly  be a f f e c te d  by t h i s  s l i g h t l y  

low er a n b ie n t tem p era tu re  i n  th e  v i c in i ty  o f th e  mulches*

M oisture

W ell-docum ented ev idence  has been p re s e n te d  by Jacks e t  a l .  ( 32) 

th a t  one o f  the  im p o rtan t e f f e c t s  o f  an o rg a n ic  mulch i s  i n  conserv ing  

m oistu re  by in c re a s in g  w a te r i n f i l t r a t i o n  in to  and s to ra g e  w ith in  th e  

s o i l .  T y p ic a l o f the  r e s u l t s  o f te n  re p o rte d  a re  th e  d a ta  o f  Table 1 , 

which show th e  p e rcen tag e  o f  m o istu re  conserved  in  mulched and unmulched 

s o i l .  The v a lu e  of m ulching as a  means o f co nserv ing  m o is tu re  i s  f u r th e r  

i l l u s t r a t e d  by a  P u e rto  Rican s tu d y  by V icen te-C hand ler (77) in  which th e  

average m onthly lo s s e s  o f  w a te r by e v ap o ra tio n  from  b a re  s o i l  and s o i l
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mulched w ith  su g a r cane t r a s h  was 2*12 and 0*90 In ch es , re s p e c tiv e ly *  

The savings o f  w a te r was e s tim a te d  to  eq u a l th r e e  in ch es o f i r r i g a t i o n  

w a te r p e r  month*

TABLE 1*—E ffe c t  o f  w heat s traw  and d i f f e r e n t  t i l l a g e  t r e a t 
ments on s to ra g e  o f  w a te r in  th e  s o i l  d u rin g  one growing 

season (D ata  of Duley and R u sse l, 19)

R a in f a l l  conserved  
Treatm ent -------------------------------

S urface
in ch es  P e rc e n t

Land d isk e d , no s traw  3.1*9 19*5
F resh  s tra w , 2 to n s , d i3ked 6*92 38 .7
Fresh  s tra w , 2 to n s ,  on the  su rfa c e  9*72 5U.3

I t  i s  a p p a ren t t h a t  an e s s e n t i a l  q u a l i ty  o f  a  mulch i s  th a t  

i t s  p h y s ic a l  te x tu re  must be  course  enough to  p e rm it r a in  o r i r r i g a t i o n  

w a te r , a s  the  ca se  may b e , to  p e n e tra te  i t  f r e e ly *  M edcalf (1*7) demon

s t r a t e d  t h a t  m o is tu re  co nserv ing  e f f e c t s  o f  a  mulch was c o n s id e ra b ly  

g r e a te r  in  th e  upper 6 -in c h  s o i l  h o r iz o n , ta p e r in g  o f f  to  p r a c t i c a l l y  

no e f f e c t  in  th e  21*- to  36- in c h  horizon*

C heaica l P ro p e r t ie s  o f S o i l  and P la n ts

P hysio logy  and B iochem istry  o f  O rganic M a tte r 
Dec ompos i t i o n

The p h y s ic a l  and chem ical changes which mulches o r any o rg an ic  

m a tte r  undergoes when d eg rad a ted  to  s ia p le  conpounds by s o i l  organism s 

i s  term ed decom position (1*9, p .  230) ,  A s tu d y  o f th e  p h y sio lo g y  and 

b io ch e m is try  o f t h i s  p ro ce ss  i s  fundam ental to  a  review  o f l i t e r a t u r e  

in  succeeding  s e c t io n s .  I t  l o g ic a l ly  b eg in s  w ith  a c o n s id e ra tio n  o f 

some b a s ic  p r in c ip le s  in v o lv ed  in  th e  b io lo g ic a l  system*
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L ife  on e a r th  i s  an e q u il ib r iu m  betw een th e  s to r in g  o f  energy  

th rough  p h o to sy n th e s is  and th e  r e le a s e  o f th a t  energy  th rough  b io lo g ic a l  

oxidation .-* ' In  p h o to sy n th e s is , s o la r  energy s p l i t s  w a te r in to  hydrogen 

and oxygen whereupon the  hydrogen i s  u t i l i z e d  in  red u c in g  carbon  d io x id e , 

(COg) to  the  l e v e l  o f  c a rb o h y d ra te s . In  th e  p ro c e s s , oxygen i s  l i b e r a t e d .  

B io lo g ic a l o x id a tio n  i s  e s s e n t i a l l y  the  re v e rs e  o f p h o to s y n th e s is .  I t  

i s  accom plished by  a  union betw een the  hydrogen o f  ca rb o h y d ra te s  (o r  any 

o th e r  o rgan ic  s u b s tr a te )  and gaseous oxygen to form  w a te r , in  which 

p ro c e ss  carbon  d io x id e  i s  l i b e r a t e d  (19 , p .  281*).

The prim ary  r e s e r v o ir  o f  p h o to sy n th e tic  energy  o r d in a r i ly  assumes 

m orpho log ica l form s which we id e n t i f y  a s  g reen  p l a n t s .  Upon d e a th , t h i s  

r e s e r v o i r  o f  energy  undergoes “ rea ss ig n m e n t,“ by  b io lo g ic a l  o x id a tio n  in  

th e  p resen ce  o f enzym atic c a t a l y s t s ,  e i th e r  to  a  secondary  r e s e r v o i r ,  i n  

t h i s  case  an im als o r low er p l a n t s ,  o r  e ls e  i n to  th e  e a r t h 's  atm osphere 

a s  h e a t .^  Mulches d e riv e d  from  p re v io u s ly  l iv in g  p la n ts  c o n s t i tu t e  a 

p o r t io n  o f th e  p rim ary  r e s e r v o i r  o f photo s y n th e t ic  energy; s o i l  m icro-  

organism s^ th a t  deconpose mulches a  p o r t io n  o f  th e  secondary  re s e rv o ir*  

D uring th e  en ergy -reass ignm en t p ro c e s s , the  b y -p ro d u c ts , e s p e c ia l ly

^ This b a s ic  concep t, known a s  th e  carbon c y c le , i s  re p re se n te d  
by th e  chem ical eq u a tio n :

6 CO2 + 6 H2O P hotosynthesis (energy stored ) ______  ^6**12®6 + ^
B io lo g ic a l ox id a tio n  ( energy re lea sed )

o
E xcept f o r  c o n d itio n s  where new c e l l u l a r  m a te r ia l  i s  form ed, 

m ost o f the  energy re le a s e d  on b io lo g ic a l  o x id a tio n  appears as h e a t 
(2 1 , p .  9 2 9 ).

3 S o i l  m icroorganism s in c lu d e  b a c te r ia ,  such as B a c i l lu s  s u b t i l l s  
and B. nyco id es,  which a re  cosm opolitan  in  n a tu re ;  fu n g i;  a c tin o n y c e te s  
(m oicts); p ro to zo a ; and h ig h e r an im al forms such a s  nem atodes, earthw orm s, 
and in s e c t  la rv a  (7 9 , p .  3U -38). Of th e  b a c t e r i a ,  only  the  h e te ro -  
tro p h ic  k in d  d e r iv e s  th e  carbon and energy from  th e  o x id a tio n  o f  o rgan ic  
compounds: th e  a u to tro p h ic  k in d  d e riv e s  th e se  two item s from  the  
o x id a tio n  o f  in o rg a n ic  m a te r ia l  (7 9 , p .  6 0 ) .
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n u t r ie n t  e lem en ts , may a lso  be u t i l i z e d  i n  th e  secondary  r e s e r v o i r  o r , 

i f  in  e x t r a  supp ly , u t i l i z e d  anew in  th e  p rim ary  r e s e r v o i r  (79* P* 101)*

A ccording to  fio llen  (1 0 ) , "m ic ro b ia l decom positions o f  o rgan ic  

m a tte r  a re  u l t im a te ly  more o r  l e s s  com plete o x id a tio n s  c a r r ie d  on by 

the  organism s p r im a r i ly  to  secu re  growth en ergy ."  The r a t e  and e x te n t  

o f  the  decom position  i s  in f lu e n c e d  by seven f a c to r s  o f  the  environm ent: 

m o is tu re , tem p era tu re , a e r a t io n ,  pH, b i o t i c  f a c to r s ,  i n h ib i t in g  f a c to r s ,  

and n a tu re  o f  the  o rg an ic  m a tte r  (1 2 , p .  6 ) .  S ince th e  n a tu re  o f  th e  

o rgan ic  m a tte r  was one of th e  c o n tro l le d  v a r ia b le s  in  t h i s  s tu d y , two 

c h a r a c te r i s t i c s  of i t ,  th e  c a rb o n -n itro g e n  r a t i o  and th e  deconposab i- 

l i t y ,  w i l l  be co n sid e red  in  more d e t a i l ,  s t a r t i n g  w ith  th e  ca rb o n - 

n itro g e n  r a t i o .

O rganic m a tte r  c o n s is ts  o f th r e e  b a s ic  c o n s t i tu e n ts ;  carbohy

d ra te s ,  l i p i d s ,  and p ro te in s  W hile th e  elem ents o f  carbon , hydrogen, 

and oxygen a re  coimon to  a l l  o f  them, o n ly  th e  p r o te in s  and t h e i r  

d e r iv a t iv e s  c o n ta in  n itro g e n *  The amount o f  n i tro g e n  in  co n p ariso n  

w ith  carbon in  o rg an ic  m a tte r  i s  comnonly r e f e r r e d  to  as the  carbon - 

n itro g e n  r a t i o .

I n  h igher p l a n t s ,  th e  c a rb o n -n itro g e n  r a t i o  ranges betw een as 

l i t t l e  a s  10 to  more th a n  1 ,000 on a d ry  w eigh t b a s is  (T able 2 ) .

^  In  g e n e ra l, th e  d e g ra d a tio n  and s y n th e s is  o f  c a rb o h y d ra te s  and 
l ip id s  a r e  a  fu n c tio n  o f  the  a c tin o n y c e te s ;  the  b a c te r ia  a re  co rrespond
in g ly  a c t iv e  w ith  p ro te in s  ( I k ,  p .  U 0).

^ Krebs and Komberg (36) have p re se n te d  a  concise  y e t  compre
hensive su rvey  of th e  energy  tra n s fo rm a tio n s  from  th e se  b a s ic  o rgan ic  
m a te r ia ls .
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TABLE 2 . — C arbon -n itrogen  r a t i o s  o f  some p la n t  r e s id u e s
(D ata o f  B o llen , 11)

T o ta l K je ldah l
M ateria l carbon , n itro g e n , C/N

% %

A lfa lf a  hay  ........................... 2.31* 18
B en tg rass  c lip p in g s  . . . . . 1*3.22 3.23 13
Com c o b s ............................... 0.1*5 108
D o u g la s - f ir

l |2 0 -y a a r-o ld  t r e e
Gones ............................... 0 .37 133
N eed les ........................... . . 5 5 .75 0 .96 58
B a r k ............................... 0 .1 1 1*91
Sapwood ........................... . . 1*9.36 0.09 51*8
Heartwood ....................... . . 51-51 0.12 1*29

Saw dust, m il l  run
W eathered 2 months . . 1*9.81* 0 .08 623
W eathered 3 y e a rs  . . . . 1*7.01 0 .33 11*2

Moss p e a t ............................... 0 .83 58
l e s t e m  hemlock saw dust . . • 1*9.71* 0.01* 121*1*
Nheat s t r a w ........................... . . 1*1*.70 0 .12 373

As f o r  th e  d e co m p o sib ility  o f  o rg a n ic  m a tte r , compounds such a s  

s u g a rs ,  s ta r c h e s ,  and sim ple p r o te in s  a re  known to  be e a s i l y  decom posed,-  

w h ile  l ig n in s ,  f a t s ,  and waxes a r e  th e  l e a s t  r e a d i ly  decomposed by m icro

organism s ( l6 ,  p . 131). S ince COg and w a te r , a lo n g  w ith  energy , a r e  th e  

f i n a l  p ro d u cts  o f  m ic ro b ia l decom position , w orkers o f te n  a s s e s s  th e  

d e co m p o s ib ility  o r  r a t e  o f  decom position  o f  o rg an ic  m a tte r  by m easuring
x 6how much OOg e v o lv es  from i t  (1 3 , 31)* U sing t h i s  method, A lliso n  e t  

a l .  (2,1*) found w ide d if fe re n c e s  i n  th e  decom position  r a t e  o f  28 k inds 

o f  woods d u rin g  a  60-day p e r io d . On th e  b a s i s  o f  m illig ram s o f  OOg 

evo lved  p e r  k ilo g ram  o f wood decomposed, th e y  o b ta in ed  such COg v a lu e s  

a s  fo llo w s: redwood, 5*3; d o u g la s - f i r ,  1 1 .2 ; s h o r t l e a f  p in e , 50 .0 ;

T his i s  e s s e n t ia l ly  a  m easure o f  th e  amount o f  energy t h a t  has 
been  re le a s e d  f o r  "reassignm ent1* s in c e  th e  carbon c o n te n t o f  o rg an ic  
m a tte r  i s  in d ic a t iv e  o f  th e  e n e rg y  p o te n t i a l  th e r e in .
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w hite o ak , 1*9.1; and  h ic k o ry , 1*8.1 (1*). They a t t r i b u t e d  th ese  v id e  

d if fe re n c e s  to  v a r ia t io n s  i n  th e  chem ical com position , e s p e c ia l ly  th e  

l ig n in ,  a lp h a - c e l lu lo s e , and r e s i n s  of th e  woods.

As p o in te d  o u t above, th e r e  may be  pronounced d if f e r e n c e s  i n

th e  c a rb o n -n itro g e n  r a t i o  and  th e  d e co m p o s ib ility  o f  o rg an ic  m a t te r .

We s h a l l  now c o n s id e r  how th e s e  d if fe re n c e s  may be r e f le c te d  i n  s o i l  

n i tro g e n  and  in  growing p l a n t s .  Again, th e  c a rb o n -n itro g e n  r a t i o  w i l l  

be co n sid ered  f i r s t .

As energy undergoes "reassignm ent" t o  th e  m icroorganism s, u su a lly

p ro p o r t io n a te ly  more n itro g e n  to  carbon i s  u t i l i z e d  i n  th e  growth o f  th e

m icroorganism s th a n  i s  a v a i la b le  from th e  o rg a n ic  m a t te r .  This i s  

because th e  p ro top lasm  o f  th e  decomposing m icroorganism s com prises 1*5 to  

55 p e rc e n t carbon and 5 to  10 p e rc e n t n i tro g e n  on a  d ry  w eigh t b a s i s ;  

c a rb o n -n itro g e n  r a t i o s  o f  betw een 10 and 5* In  such c a se s  th e  m icro 

organism s a c q u ire  n itro g e n  e lsew h ere  to  supplem ent t h a t  a v a i la b le  from 

th e  o rg an ic  m a tte r . U sually  t h i s  I s  th e  n i t r o g e n  from  th e  s o i l ,  th e  

r e s u l t  o f  which i s  th e  " ty in g  up" o r  im m obiliz ing  o f  m in e ra liz e d  o r  s o i l  

n itro g e n  so t h a t  i t  i s  no lo n g e r  a v a i la b le  f o r  a b so rp tio n  by h ig h e r  

p la n ts .

Bo l i e n  (11) s ta te d  t h a t  th e  optimum decom position  o f  o rg a n ic  

m a tte r  i n  s o i l s  r e s u l t s  when th e  c a rb o n -n itro g e n  r a t i o  o f  th e  o rg a n ic  

m a tte r  i s  ap p ro x im ate ly  20. T h a t r a t i o  i s  a ls o  recogn ized  a s  th e  

p r a c t i c a l  v a lu e  below  which im m o b iliza tio n  o f  th e  s o i l  n itro g e n  i s  

u su a lly  m inim al (5 ) .  Thus, a l f a l f a  hay, which Bo l i e n  found to  have  a  

ca rb o n -n itro g e n  r a t i o  o f  18,  a p p a re n t ly  w ould be decomposed w ith o u t th e  

m icroorganism s re q u ir in g  any s o i l  n itro g e n .
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Au e s tim a tio n  o f  th e  amount o f  s o i l  n i tro g e n  t h a t  may be immo

b i l i z e d  du ring  decom position  o f  an  o rgan ic  m a te r ia l  must ta k e  in to  con

s id e r a t io n  n o t on ly  th e  c a rb o n -n itro g e n  r a t i o  o f  a  m a te r ia l  b u t  a ls o  

th e  d eco m p o sib ility  o f  t h a t  m a te r ia l .  D ecom position o f  o rg a n ic  m a tte r  

w ith  a  w ide c a rb o n -n itro g e n  r a t i o  o r d in a r i ly  shou ld  r e s u l t  i n  th e  immo

b i l i z a t i o n  o f  much s o i l  n i tro g e n . However, th e  e x te n t  o f  im m o b iliza tio n  

i s  u s u a l ly  l e s s  th a n  would be ex p ec ted  because many such wood re s id u e s ,  

e s p e c ia l ly  th o se  from co n ife ro u s  t r e e s ,  c o n s is t  o f  a s  much a s  60 to  70 

p e rc e n t o f  in h e r e n t ly  r e s i s t a n t  l ig n o c e l lu lo s e s  (1*1*). Jb r exaiqple, 

A llis o n  e t  a l .  (1*) found th a t  th e  amount o f  3 o i l  n itro g e n  t h a t  was 

im m obilized was somewhat p ro p o r t io n a l  to  th e  ea se  o f  decom position , 

based  on th e  amount o f  CC>2 evolved  du ring  decom position  (T ab le  3 ) .

TABLE 3*— N itrogen  req u irem en ts  o f  m icroorganism s in  th e  decom position  
o f  v a rio u s  woods i n  s o i l  (D ata o f  A ll is o n  e t  a l . ,  1*)

N itro g en  immobjjGTzed1 f o r  th e  
Wood Com position in d ic a te d  tim e  p e r io d  in  days evolved

C N "10 50 50 160”  in  60
___________________ (jt) (^ )___________o f  w eigh t o f  wood)_______ days

Redwood 1*9.9 0 .0 6 0 .1 3 0.22 0 .2 1 0 .31 0.31* £ .3
D o u g la s -f ir 1*8.1 0 .05 0 .17 0.21 0 .0 7 0.11* 0.30 11 .2
S i o r t l e a f  p in e liS.O 0 .13 0 .7 8 1.00 1 .2 7 1.30 1.13 5 0 .0
I h i t e  oak 1*6.9 0 .1 0 0 .62 0 .9 6 1.19 1 .15 1 .09 1*9.1
H ickory 1*6.8 0 .1 0 0 .7 8 1.00 1.12 1.17 1 .07 1*8.1

I t  i s  re v e a l in g  to  compare o th e r  d a ta  r e la t io n s h ip s  o f  Table 3, 

a l s o .  Ebr one th in g ,  w h ile  th e  c a rb o n -n itro g e n  r a t i o  f o r  th e  p in e ,  oak, 

and h ick o ry  woods i s  a b o u t o n e -h a lf  a s  wide a s  i t  i s  f o r  th e  redwood 

and d o u g la s - f i r  woods, th e  amount o f  OO2 t h a t  evo lved  in  60 days was a t  

l e a s t  f iv e  tim es more f o r  th e  fo rm er th r e e  woods th a n  f o r  th e  redwood 

and d o u g la s - f i r  woods. Had th e  decom position  r a t e  o f  each wood
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corresponded  to  i t s  c a rb o n -n itro g e n  r a t i o ,  th e  OO2 shou ld  have been 

ab o u t h a l f  a s  much f o r  th e  redwood and d o u g la s - f i r  woods a s  f o r  any o f  

th e  o th e r  th r e e .  Thus, i t  i s  rea so n a b le  to  conclude t h a t ,  o f  th e  f iv e  

woods, th e  fo rm er two a r e  l e s s  r e a d i ly  decomposed th a n  th e  o th e r s .

In c id e n ta l  to  th e  above c o n s id e ra tio n s , d u rin g  th e  i n i t i a l  p e r

io d  o f  decom position  o f  th e s e  f iv e  woods th e r e  was a  s te p  b y  s te p  

in c re a s e  i n  th e  amount o f  n itro g e n  th a t  was im m obilised  ('Cable 3 ) .

T his i s  an  in d ic a t io n  o f  th e  in c re a s e  i n  th e  p o p u la tio n  o f  th e  decom

p osing  m icroorganism s. Presum ably, a s  decom position  p ro g re s se d , th e  

m icroorganism  p o p u la tio n  peaked a f t e r  which th e  amount o f  im m obilized 

n i tro g e n  d e c lin e d  and th e  s o i l  n i tro g e n  in c re a s e d . A ll is o n  and K lein  

(3 )  found t h a t  su c ro se  and wheat s traw  w ere m arkedly d i f f e r e n t  in  term s 

o f  th e  r a t e  o f  m icroorganism  p o p u la tio n  In c re a s e  du rin g  decom position 

o f  each . Peaking o f  th e  m icroorganism  p o p u la tio n  was reach ed  2 days 

a f t e r  th e  beg in n in g  o f  decom position  o f  th e  su c ro se  and  20 days f o r  th e  

w heat s traw .

The above f in d in g s  and those  o f  many o th e r  in v e s t ig a to r s  i n d i 

c a te  th e  d i f f i c u l t y  i n  p r e d ic t in g  th e  amount o f  s o i l  n i tro g e n  th a t  would 

be im m obilised  d u rin g  th e  decom position  o f  o rg an ic  m a t t e r .? In  a  s tu d y  

o f  th e  c a rb o n -n itro g e n  r a t i o  i n  o rgan ic  m a te r ia ls  in  r e l a t i o n  to  th e  

a v a i l a b i l i t y  o f  th e  n itro g e n  th e r e in ,  Rubins and Bear (59) concluded

7
' H t h  a  few o rg an ic  m a te r ia ls ,  d e co rap o s ib ility  may be secondary 

to  t h e i r  p h y to to x ic  p r o p e r t ie s  i n  a f f e c t in g  p la n t  grow th. A llis o n  e t  a l .
( l )  t e s te d  woods and  b a rk s  o f  28 k inds o f  t r e e s  f o r  t o x i c i t y  to  garden
p eas  grown in  lim ed so il-sa w d u s t m ix tu re  under c o n d itio n s  o f  adequate
n i tro g e n . D o u g la s - f ir ,  a s  w e ll  a s  m ost o th e r  k inds showed no s i g n i f i 
c a n t t o x ic i ty  e i t h e r  to  germ in a tio n  o r  e a r ly  growth when used a t  r a t e s
o f  1 and 2 p e rc e n t .  T o x ic ity  symptoms w ere observed  o n ly  w ith  woods 
a n d /o r  ba rk  o f  C a li fo rn ia  in c e n se -c e d a r , e a s te r n  w h ite  p in e ,  re d -c e d a r ,
ponderosa p in e , lo b lo l ly  p in e ,  and y e llo w  p o p la r . A pparen tly , B a ld s ie fen
(7 ) a ls o  reco g n ized  th e  p h y to to x ic ity  o f  e a s te rn  w h ite  p in e  wood.
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t h a t  th e  p r in c ip le  o f  th e  c a rb o n -n itro g e n  r a t i o  may be a p p lie d  i n

i n te r p r e t i n g  th e  a v a i l a b i l i t y  o f  w a te r-so lu b le  f r a c t io n s  o f  o rg an ic

n i tro g e n . But w ith  w a te r - in so lu b le  f r a c t io n s  th e y  s a id :

Ease o f  decom position  and r e l a t i v e  abundance o f  th e  a s s o c ia te d  
carbonaceous m a te r ia l  m ust be c o n s id e re d  a s  w e ll  a s  decompo- 
s i b i l i t y  o f  th e  in s o lu b le  n itro g e n o u s  m a te r ia l  i t s e l f ,  b e fo re  
a  r i g i d  a p p l ic a t io n  o f  c a rb o n -n itro g e n  r a t i o s  to  a v a i l a b i l i t y  
can be  made.

Bo11on (11) reached  th e  same c o n c lu s io n . He s t a te d :

The p r a c t i c a l  a p p l ic a t io n  o f  th e  c a rb o n -n itro g e n  r a t i o  to  p ro 
blem s in v o lv in g  o rg a n ic  m a tte r  decom position  r e q u ir e s  c o n s id e ra 
t i o n  o f  q u a l i t a t iv e  a s  w e ll  a s  q u a n t i ta t iv e  f a c to r s .

Speaking abou t such p la n t  re s id u e s  a s  d o u g la s - f i r  saw dust, he s a id :

A lthough . . . e x c e p tio n a l ly  low i n  n itro g e n  and h ig h  in  carbon , 
th e  a d d i t io n a l  n i tro g e n  n e ce ssa ry  to  o f f s e t  m ic ro b ia l re q u ire 
m ents du ring  decom position  i s  much low er th an  in d ic a te d  by  th e  
o v e ra l l  c a rb o n -n itro g e n  r a t i o .

Humus

The f i n a l  s ta g e  o f  decom position  o f  o rg an ic  m a tte r  i s  term ed

h u m if ic a tio n . Of i t  Bo l i e n  (12) s a id :

T h is s ta g e  i s  c h a r a c te r is e d  by th e  fo rm atio n  and g rad u a l c o n tin u a l  
decom position  o f  th e  humus complex. N itrogen  a s s im ila te d  by 
m icroorganism s i s  r e a s s im ila te d  by succeeding  g e n e ra tio n s  and 
r e p a r t i t io n e d  u n t i l  much o f  i t  accum ulates a s  p r o te in  o f  dead 
b a c t e r i a l  c e l l s .  B a c te r ia l  p r o te in  i s  r e s i s t a n t  to  decomposi
t i o n  and most o f  th e  n i tro g e n  o f  humus i s  i n  t h i s  form . The 
non -n itro g en o u s p o r t io n  o f  humus i s  composed la r g e ly  o f  l ig n in ,  
hand c e l lu lo s e ,  and v a r io u s  o th e r  r e s i s t a n t  su b s tan ces  . . .
Cnly ac tinom ycetes and c e r ta in  non-spore  form ing b a c te r ia  can 
a t t a c k  l ig n o -p r o te in a te  and o th e r  humus com plexes. As a  
r e s u l t  th e  n i tro g e n  i s  o n ly  slow ly  b u t  c o n tin u o u sly  l ib e r a te d ,  
m a in ta in in g  f o r  h ig h e r  p la n ts  a  supp ly  o f a v a i la b le  n itro g e n  
t h a t  b r id g e s  th e  i n t e r v a l s  between a d d it io n s  o f  f r e s h  o rg an ic  
r e s id u e s .

The amount o f  humus rem ain ing  i n  th e  s o i l  fo llo w in g  decom position  o f  

p la n t  re s id u e s  depends, th e r e fo re ,  upon th e  chem ical makeup o f  th e  

m a te r ia l .
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S o il  R eac tion

In  th e  decom position  p ro c e s s , v a r io u s  k in d s  o f  intorm ectLate 

a c id ic  compounds a r e  p roduced . B iis  has le d  to  th e  su p p o s itio n  th a t  

s o i l  a c i d i t y  i s  in c re a s e d  w ith  th e  a d d it io n  o f  o rg an ic  m a te r ia l .  Con

t r a r y  to  t h i s  common b e l i e f ,  i t  i s  w e ll e s ta b l is h e d  in  th e  l i t e r a t u r e  

th a t  th e  a d d it io n  o f  f r e s h  o rg an ic  m a tte r  to  th e  s o i l  does n o t low er 

th e  s o i l  pH (28 , 33, 35, U3, Uk, U7, 57, 60, 71, 7 5 ). A ccording to  

Salomon (6 0 ) , th e  decom position  p ro d u c ts , o r d in a r i ly  term ed a sh , have 

a g r e a te r  e f f e c t  on s o i l  r e a c t io n  th a n  do m ulches p e r  s e . He s t a te d :

S ince th e  ash  o f  p la n ts  c o n ta in s  more b a s ic  th a n  a c id ic  c o n s t i 
t u e n t s ,  th e  u ltim a te  e f f e c t  shou ld  be tow ards a  l e s s  a c id ic  pH.
I f  o rg an ic  a c id s  a r e  i n i t i a l l y  i n  ex cess  o f  b a s e s , a  tem porary  
in c re a s e  i n  s o i l  a c i d i t y  may be ex p ec ted . However, o rg an ic  
a c id s  decompose r e a d i ly .

Medea I f  (U7) r e p o r te d  th a t  th r e e  y e a rs  a f t e r  i n i t i a l  m ulching o f  

co ffee  sh rubs i n  B ra z i l ,  th e  s o i l  was a p p re c ia b ly  more a lk a l in e  th an  a t  

th e  b eg in n in g . The pH in c re a s e d  th e  g r e a te s t  amount in  th e  0 -2 - inch  

s o i l  h o r iz o n , th e  change b e in g  a p p a re n t , however, down to  6 in c h e s .

N u tr ie n t E lem ents

D eterm ining th e  amount o f  n u t r i e n t  e lem en ts i n  th e  s o i l  i s  a  

sedu lous method o f  e v a lu a tin g  c u l tu r a l  p r a c t ic e s .  The e f f e c t  o f  

m ulching on th e  c o n c e n tra tio n  o f th e s e  e lem ents i n  th e  s o i l ,  and th e  

a l t e r a t i o n  o f  th e  a v a i l a b i l i t y  o f  them to  growing p la n t s ,  h a s  

re c e iv e d  s u b s ta n t ia l  stun^r (6 , 28 , 32 , 35, 71, 82 ).

W ithin th e  p a s t  two to  th r e e  decades s o i l  e v a lu a tio n s  o f  c u l

t u r a l  p r a c t ic e s  have been supplem ented w ith  d e te rm in a tio n s  o f  th e  con

c e n tr a t io n  o f  th e  n u t r ie n t  e lem ents w ith in  th e  p la n ts  grown under such 

c u l tu r a l  p r a c t ic e s  (6 $ ). T h is  te c h n iq u e , known a s  p la n t  o r  t i s s u e
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a n a ly s is  and  sometimes more s p e c i f i c a l l y  a s  f o l i a r  a n a ly s is  when fo l ia g e  

o f  th e  p la n t  i s  used a s  i s  o r d in a r i ly  th e  case* h as been shown to  

" r e f l e c t  what th e  p la n t  h a s  o b ta in e d  from th e  s o i l  i n  r e l a t i o n  to  i t s  

growth up to  th e  tim e  o f  sam pling th e  p la n t"  (7U) *

Such in fo rm a tio n  may p ro v id e  a  p ic tu r e  o f  th e  adequacy o f  a 

n u t r ie n t  e lem ent o r  i t  may p ro v id e , a s  i t  does in  t h i s  s tu d y , a  means 

o f  comparing th e  a f f e c t s  o f  v a r io u s  c u l tu r a l  p r a c t ic e s  on th e  growth and 

th e  c o n c e n tra tio n  o f  v a r io u s  n u t r ie n t  e lem ents w ith in  th e  p l a n t s .

Comprehensive rev iew s o f  p la n t  a n a ly s i s  have been p rep a red  by 

Macy (1)5), Cbodall and Gregory (2 5 ), LundegSrdh (1*2), Smith (6 5 ) , and 

U lrich  (7 2 ) . S e lec ted  e x c e rp ts , w ith  c i t a t i o n s  u s u a l ly  o m itte d , from 

th e  more r e c e n t  o f  th e s e  rev iew s, t h a t  by  Sknith (6 5 ), fo l lo w s , i n  o rd e r  

to  p ro v id e  a d d i t io n a l  o r ie n ta t io n  f o r  th e  in t e r p r e t a t i o n  o f  th e  r e s u l t s  

o f  t h i s  s tu d y .

The p h y s io lo g ic a l  b a s i s  o f  t i s s u e  a n a ly s i s  i s  dependent 
on two g e n e ra l p ro c e s s e s :  (a )  th e  a b s o rp tio n  and d i s t r i b u 
t io n  o f  m in e ra ls  by  p la n t s  and  (b ) a  q u a n t i ta t iv e  r e l a t i o n  
between absorbed  n u t r i e n t s  and growth . . .

In  th e  e a r ly  work on f o l i a r  a n a ly s is  em phasis was p lac ed  
on n u t r i e n t  b a la n ce  and th e  i n t e n s i t y  o f  n u t r i t i o n  (63  , 6 9 ) .
V i i le  th e  lo g ic  beh ind  t h i s  concept i s  re a so n a b le , no one has 
ev er shown t h a t  mairi imim growth o r  y ie ld  o ccu rs  o n ly  upon th e  
co in c id en ce  o f  a  s p e c i f ic  i n t e n s i t y  o f  each elem ent w ith in  a  
p la n t  . . .

N early  a l l  r e c e n t  work h in g es  on a  more f l e x ib le  concep t 
o f  n u t r i t i o n  hav ing  a s  i t s  s t a r t i n g  p o in t  an  a re a ,  o r  narrow  
ran g e , s e p a ra tin g  d e f ic ie n c y  amounts from  adequate  am ounts o f  
each elem ent . . . U lr ic h  ( c a l le d  t h i s )  th e  " c r i t i c a l  n u t r ie n t  
l e v e l ."  . . .

The m in e ra l com position  o f  a  t i s s u e  i s  dynamic s in c e  i t  i s  
s u b je c t  to  th e  p h y sio -ch em ica l changes m a n ife s t i n  growth p ro 
c e ss e s . Some e lem en ts a r e  p re s e n t  i n  h ig h  c o n c e n tra tio n  i n  
young t i s s u e  and a r e  d i lu te d  a s  th e  t i s s u e  e n la rg e s . O thers 
a re  p re s e n t  i n  low c o n c e n tra tio n s  i n  young t i s s u e  and 
g ra d u a lly  in c re a s e .  The accum ulation  o f  d ry  w eight d i lu t e s  
a l l  e lem ents u n le s s  an  in f lu x  o f  m in e ra l o f f s e t s  t h i s  e f f e c t .
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P la n ts  o f  d i f f e r e n t  ty p e s  d i f f e r  w ide ly  in  b o th  n u t r i e n t  
req u irem en ts  and th e  a b i l i t y  to  a b so rb  th e  v a r io u s  e lem ents 
from a  common medium . . .

Next to  th e  supply  o f  e lem en ts, th e  p h y s io lo g ic a l  age o f  
t i s s u e  i s  p ro b ab ly  th e  m ost im p o rtan t f a c to r  a f f e c t i n g  th e  
m in e ra l com position  o f  a  g iven  s p e c ie s .  The preponderance o f  
d a ta  show t h a t  each e lem en t has a c h a r a c t e r i s t i c  p a t t e r n  t h a t  
accom panies th e  ag in g  o f  t i s s u e .  The tre n d  i s  n o t  a l t e r e d  
fundam en ta lly  by s o i l  o r  c u l tu r a l  f a c t o r s ,  b u t may be d i s 
p la c e d  upward o r  downward by th e  l e v e l  o f  supp ly  . . . th e  
c o n c e n tra tio n  o f  N, P, K, Cu, and 2n a r e  g r e a te r  i n  young 
t i s s u e s  th an  i n  o ld  w h ile  th e  re v e r s e  tends to  b e  t r u e  f o r  
(Ca, Mg, i t i ,  Pb, A l, and B) . . . Leaves formed i n  th e  sp r in g  
and th o se  developed  l a t e r  du ring  th e  summer o r  f a l l ,  a re  
f a i r l y  s im ila r  i n  com position  i f  th e y  a re  o f th e  same 
c h ro n o lo g ic a l age . . .

T issu e  a n a ly s i s  f r e q u e n t ly  shows r e c ip ro c a t iv e  e f f e c t s  
betw een p a i r s  o f an io n s  and  p a i r s  o f  c a t io n s .  One e f f e c t  
t h a t  h as been w id e ly  r e p o r te d  from v a r io u s  p a r t s  o f  th e  
w orld  i s  th e  d e c re a se  i n  l e a f  P r e s u l t i n g  from a n  in c re a s e  
i n  N supp ly . A nother e f f e c t  i s  t h a t  which occu rs among th e  
v a r io u s  b ase  e lem en ts— K, Ga, and 1%. Fb and Mn an tagonism  
has long been reco g n ized  . . .

An o p p o s ite  e f f e c t  w herein  th e  in c re a s e  o f  one elem ent 
r e s u l t s  i n  a  s im u ltaneous in c re a s e  i n  a  second, h a s  been 
term ed synergism  . . . Examples . . .  a r e :  s im ultaneous
in c re a s e s  i n  %  and K from a p p lie d  K, in c re a s e s  i n  Qa. and 
Mg from  a p p lie d  Ch . . . »  o r  in c re a s e s  i n  N and Mg from 
a p p lie d  N . . .

T able (I4.) i l l u s t r a t e s  how e x te n s iv e ly  and i n  what d i r e c 
t io n ,  th e  m in e ra l p a t t e r n  o f  le a v e s  may be m odified  by 
in c re a s in g  th e  supply  o f  one e s s e n t i a l  e lem ent.

The up take  o f  n u t r ie n t  io n s ,  i .  e .  th e  n e t  movement o f  them in to  

th e  p la n t  r e g a rd le s s  o f  th e  p a r t i c u l a r  method ( in ta k e  and a b so rp tio n  

a ls o  used  i n  th e  same m eaning), and accum ulation  (movement o f  ion3  

a g a in s t  a  c o n c e n tra tio n  g r a d ie n t ,  g e n e ra l ly  a s  a  r e s u l t  o f  a c t iv e  t r a n s 

p o r t)  a r e  a f f e c te d ,  i n  p a r t ,  by  th e  i n te r a c t io n  between io n s .  In  

M ineral S a l ts  A bsorp tion  i n  P la n ts ,  S u t c l i f f e  (68) d e s c r ib e s  th e  i n t e r 

r e la t io n s h ip  o f  th e  d i f f e r e n t  k in d s  o f  io n s ,  n o tin g  t h a t  when two o r  

more o f  them w ith  th e  same e l e c t r i c a l  ch arg e  a re  p re s e n t  i n  th e  e x te rn a l
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medium, th e re  may be e i th e r  a n ta g n o s tic  o r  s y n e rg is t ic  a f f e c t s .  Sbr 

t h i s  reaso n , th e  c o n c e n tra tio n  o f  a  n u t r ie n t  in  th e  s o i l  has co n sid 

e ra b le  re lev an ce  i f  in flu e n ce d  by m ulching p r a c t ic e s .

TABLE — General e f f e c t  o f  an a p p lie d  elem ent on th e  m inera l 
com position o f  c i t r u s  leav es (Ebta o f  StaLth, 65)-*-

Element Elements measured i n  th e  leaves T o ta l
added

N P K Ca Mg Ifri
number

N / - - / / - 6

P 0 / / - - 0 h

K - 0 / - - 0 h

Ga 0 0 - / 0 •> 2

Mg 0 0 - - / / h

Mn 0 0 / 0 - / 3

T o ta l
number 2 2 6 5 5 3 23

^  Increased  c o n c e n tra tio n  i n  le a f  i s  in d ic a te d  by ( / ) ;  
d ecrease  by  ( - ) ;  no change by (0 ).

N itrogen

More th a n  any o th e r  e lem ent, th e  c o n c e n tra tio n  o f  a v a i la b le  

n itro g e n  in  th e  s o i l  i s  p ro found ly  a f f e c te d  by m ulches. R oberts and 

Stephenson ($7) re p o r te d  l e s s  n i t r a t e  n itro g e n  f o r  a s  long as fo u r  

y e a rs  fo llow ing  in c o rp o ra tio n  i n  th e  s o i l  o f  from th r e e  to  fo u r  inches 

o f  d o u g la s - f i r  sawdust, n t h  a ld e r  saw dust, however, th e  d e p re ss iv e  

e f f e c t s  la s te d  no longer th an  3 y e a rs . The d ep ress io n  tvhs l e a s t  p ro 

nounced when th e s e  two m a te r ia ls  ware used  a s  su rfa c e  mulches a l th o ugh 

f e r t i l i z e r  n itro g e n  mas s t i l l  n ecessa ry  f o r  s a t i s f a c to r y  tomato growth.
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W ithin  12 to  18 months a f t e r  m ulching c o ffe e  sh rubs w ith  hay , 

Ited ca lf  (1*7) observed  d e f in i t e  tre n d s  d u rin g  th e  n ex t two y e a rs  o f  l e s s  

n itro g e n  in  th e  le a v e s  o f  p la n t s  f o r  a l l  mulch am ounts. The l e a s t  f o l i a r  

n i tro g e n  (abou t 15 p e rc e n t l e s s  th an  c o n tro l  p la n ts )  was i n  th e  p la n ts  

t h a t  were mulched th e  h e a v ie s t .

Lunt (1*1*) found o n ly  th e  f i r s t  c rop  o f  b e e ts  fo llo w in g  mulch 

tre a tm e n ts  o f  o ak -h ick o ry , a s h - b i r c h ,  o r  p in e  woodchips re q u ire d  f e r t i 

l i z e r  n itro g e n  to  p re v e n t n itro g e n  d e f ic ie n c y .

K irch (35) s tu d ie d  th e  e f f e c t  o f  a  s o i l - in c o rp o ra te d  3 -in ch  

volume o f  d o u g la s - f i r  sawdust on corn  grow th in  Oregon. An p l o t s ,  

sa w d u s t- tre a te d  and check, were i r r i g a t e d  s im u ltan eo u s ly  by  au to m atic  

s p r in k le r .  He re p o r te d  t h a t  th e  f o l i a r  n i tro g e n  o f  th e  co rn  was 2 . 

p e rc e n t i n  th e  check p lo ts  and 2 .10  p e rc e n t in  th e  sa w d u s t- tre a te d  

p lo t s  when averaged  over 0 , 1*00, 800, and 1600 pounds o f  n i tro g e n  p e r  

a c r e .  Moreover, th e  com  p la n t s  in  th e  sa w d u s t- tre a te d  p lo t s  were much 

sm a lle r  th ro u g h o u t th e  p e r io d  o f  grow th.

Burrows and Larson (17 ) re p o r te d  t h a t  th e  c o n c e n tra tio n  o f  

n itro g e n  i n  th e  m iddle o f June in  corn  i n  an  Iowa experim ent v a r ie d  

i n d i r e c t l y  w ith  th e  amount o f  chopped c o m  s ta lk s  a p p lie d  to  th e  s o i l .

R iosphorus

The a f f e c t  o f  o rg an ic  m a tte r  on th e  a v a i l a b i l i t y  o f  phosphorus 

i n  s o i l  h a s  been th e  su b je c t  o f  numerous in v e s t ig a t io n s .  G erretson  (21*) 

found m ic ro b ia l a c t i v i t y  i n  rock  phosphate in c re a se d  th e  a v a i l a b i l i t y  o f  

phosphate phosphorus. S ev e ra l in v e s t ig a to r s  (21*, 61*, 78) have re p o r te d  

t h a t  phosphorus added to  th e  s o i l  w ith  o rg a n ic  m a tte r  h a s  g r e a te r  a v a i l 

a b i l i t y  th an  th e  same amount o f  phosphorus added w ith o u t o rg an ic  m a t te r .
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O ther I n v e s t ig a to r s  (2 6 , 57 , 71 , 80, 82) have shown pronounced in c re a s e s  

i n  a v a i la b le  phosphorus i n  th e  s o i l  w ith  th e  a p p l ic a t io n  o f  o rg a n ic  

m ulches; th e s e  e f f e c t s  be ing  a p p a re n t f o r  a s  long  a s  10 y e a rs  fo llo w in g  

m ulching.

H ilto n  e t  a l .  ( l8 )  and lifeeks e t  a l .  (82) a t t r i b u t e d  th e  g r e a te r  

a v a i l a b i l i t y  o f  phosphorus i n  th e  p resen ce  o f  o rg a n ic  m a tte r  t o  c e r ta in  

m etab o lic  p ro d u c ts  o f  m ic ro b ia l decom position  form ing s ta b le  complex 

m olecu les w ith  th e  i r o n  and aluminum t h a t ,  i n  a c id  3 o i l s ,  a re  r e s p o n s i

b le  f o r  phosphate  f ix a t io n .

F u lle r  e t  a l .  (23) re p o r te d  t h a t  th e  r a t e  o f  a v a i l a b i l i t y  o f  th e  

phosphorus o f  crop r e s id u e s  was in v e r s e ly  r e l a te d  to  th e  s ta g e  o f  

g ro w th -m atu rity  o f  th e  r e s id u e s .  T hat i s ,  growing p la n t s  d e r iv e d  more 

phosphorus from su c c u le n t th an  from more aged r e s id u e s .

H inder and Q ourley (80) r e p o r te d  a  s l i g h t  in c re a s e  i n  phosphorus 

i n  th e  fo l ia g e  and f r u i t  o f  a p p le s  g ro wn under hay  mulch in  com parison 

w ith  c le a n  c u l t i v a t io n .

G erretson  (2lj.) s tu d ie d  th e  in f lu e n c e  o f  s o i l  m icroorganism s on 

th e  amount o f phosphorus abso rbed  in to  p l a n t s .  He found a s u b s ta n t ia l  

in c re a s e  i n  th e  up take  o f  t h i s  n u t r ie n t  i n  th e  p re se n c e  o f  s o i l  m icro

o rgan ism s. T his in c re a s e  r e s u l te d  p r im a r i ly  from th e  s o lu b i l i s in g  o f  

th e  phosphate  compounds by th e  m icroorganism s.

In  f i e l d  p lo t  t r i a l s  w ith  c o ffe e  shrubs i n  B r a z i l ,  L o tt  e t  a l .  

(Uo) found t h a t  th e  q u a l i ty  o f  phosphorus in  f o l ia g e  in c re a s e s  d i r e c t l y  

w ith  th e  in c re a s e  i n  q u a n ti ty  o f  g ra s s  mulch a p p lie d  (0 .095 , O .llU , and 

0.1U7 p e rc e n t phosphorus on a  d ry  w e ig h t b a s is  f o r  0 , 21, and 85 to n s  

p e r  a c re  o f  a p p lie d  m ulch).
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Not a l l  o f  th e  w orkers have re p o r te d  in c re a s e d  phosphorus in  

p la n ts  fo llo w in g  m ulch ing . Burrows and Larson (17) found no s i g n i f i 

c a n t change i n  th e  c o n c e n tra tio n  o f  phosphorus i n  co rn  p la n ts  a s  a  

r e s u l t  o f  m ulching w ith  chopped co rn  s t a lk s  a t  r a t e s  o f  0 , 1 , 2 , U, and 

8 to n s  p e r  a c r e .  They a t t r i b u t e d  th e  much sm a lle r  s iz e  o f  th e  mulched 

p la n ts  to  low er s o i l  tem p era tu re s  d u rin g  th e  i n i t i a l  growth phase o f  

th e  c o m .

In an  experim ent o f  m ulching tu n g  t r e e s  w ith  what th e  a u th o rs  

c a l le d  a ly c e  c lo v e r ,  3L tton  e t  a l .  (6U) in d ic a te d  t h a t  f e r t i l i z e r  n i t r o 

gen d id  n o t s ig n i f i c a n t ly  a l t e r  th e  av erag e  amount o f  f o l i a r  phosphorus 

a lth o u g h  f o r  th r e e  o f th e  f iv e  y e a rs  o f  th e  experim ent th e  f o l i a r  phos

phorus tre n d e d  downward w ith  a  co rrespond ing  r i s e  i n  f o l i a r  n i tro g e n .

Potassium

There i s  g e n e ra l agreem ent in  th e  l i t e r a t u r e ,  w ith  one e x c e p tio n , 

t h a t  decomposable o rg an ic  re s id u e  m ulches in c re a s e  th e  a v a i l a b i l i t y  o f  

a v a i la b le  po tassium  (26 , k i t  57 , 6kt 71, 80, 8 l ,  8 2 ). The ex cep tio n  

was where th e re  was no change i n  th e  a v a i la b le  po tassium  w ith  th e  

a p p l ic a t io n  o f  a  3 -in c h  la y e r  o f  d o u g la s - f i r  saw dust (35)*

In re fe re n c e  to  o rch a rd  s o i l  m ulching, SLtton e t  a l .  (6U ),

"fender and G ourley ( 8 l ) ,  and fe n d e r  e t  a l .  (82) re p o r te d  t h a t ,  w ith  

c le a n  c u l t iv a t io n ,  th e r e  was much l e s s  exchangeable  po tassium  i n  

unmulched th an  i n  mulched s o i l ,  fe n d e r and Gourley ( 8 l )  found 113,

23 , and 63 ppm o f  a v a i la b le  po tassium  a t  dep th s o f  0 -6 , 6 -12 , and  12-18 

in c h e s , r e s p e c t iv e ly .  At com parable d e p th s , th e  a v a i la b le  po tassium  

w ith  w heat s tra w  mulch was 137, 102, and 125 ppm.
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Tukey and Schoff (71) In v e s t ig a te d  th e  a f f e c t s  o f  decomposable 

and non-decomposable m ulches i n  com parison w ith  check tre a tm e n ts  o f  

g ra s s  sod and c le a n  c u l t iv a t io n  in  In d ian a . Ife in ta in in g  a  6 -in c h  mulch 

dep th  d u rin g  th e  co u rse  o f  th e  experim en t, a f t e r  a  5 -y e a r  p e r io d  th ey  

found th a t  th e  s o i l  b en ea th  sawdust and  o th e r  decom posable o rg an ic  

m ulches had s ig n i f ic a n t ly  more po tassium  th an  th e  s o i l  i n  th e  check 

p l o t s .  No s ig n i f ic a n t  d if f e r e n c e s  were observed i n  t h e i r  d a ta  betw een 

g la s s  f i b e r  o r  o th e r  non-decom posable m ulches and th e  check tre a tm e n t.

None o f  th e  fo reg o in g  l i t e r a t u r e  in d ic a te d  w hether th e  d if f e r e n c e
«

i n  amounts o f  po tassium  was o f s u f f i c i e n t  m agnitude to  r e s u l t  i n  o th e r  

th a n  d e s i r a b le  c o n c e n tra tio n s  o f  po tassium  w ith in  p la n t s .

In  g e n e ra l , any  in c re a s e  in  potassium  in  th e  s o i l  fo llo w in g  

mulching r e s u l t s  in  a co rrespond ing  in c re a s e  o f  po tassium  i n  th e  fo l ia g e  

o f  p la n ts  growing th e r e in  (6 , U7, 6U, 8o ). However, w orkers have 

re p o r te d  t h a t  f o l i a r  po tassium  o f  corn  p la n ts  was unchanged w ith  a p p l i 

c a t io n s  o f  m ulches o f  e i t h e r  sawdust o r  chopped co rn  s t a lk s  (17 , 35)*

S i t to n  e t  a l .  (6U) re p o r te d  t h a t  a  mulch o f  a ly c e  c lo v e r  in  a  

M iss is s ip p i tung  o rch a rd  s u b s ta n t ia l ly  in c re a s e d  po tassium  up take  in  th e  

tung  t r e e s  w ith o u t s e r io u s ly  low ering  magnesium u p tak e . Baker (6 ) found 

a  pronounced and com parable in c re a s e  i n  f o l i a r  po tassium  o f a p p le  t r e e s  

t h a t  had been  mulched w ith  e i t h e r  decompo3a b le  m a te r ia ls ,  such a s  s traw , 

manure, and saw dust, o r  such non-decomposable m a te r ia ls  a s  c in d e rs  and 

g lass-w o o l. He decided  t h a t ,  on th e  b a s i s  o f  th e s e  r e s u l t s ,  th e  u t i l i 

s a t io n  o f  so lu b le  po tassium  from th e  m ulching m a te r ia l—th e  u su a l 

rea so n  g iven  f o r  h ig h e r  f o l i a r  po tassium  due to  m ulching—i s  l e s s  

im p o rtan t th an  th e  p r o b a b i l i ty  t h a t  m ulches p e r  se  r e s u l t  i n  a  more 

e x te n s iv e  development o f  th e  p la n t  fe e d e r  ro o ts  in to  th e  upper s o i l .
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Baker a ls o  suggested  th a t  l e s s  d ry ing  o u t o f  th e  s o i l  under a  mulch 

may ren d e r th e  potassium  more c o n s ta n tly  a v a i la b le  than  would be th e  

case  o th erw ise .

Sodium

The a f f e c t s  o f  m ulches on th e  a v a i l a b i l i t y  o f  sodium in  s o i l  

has seldom been re p o r te d . Nor i s  th e re  any in d ic a t io n  in  th e  l i t e r a 

tu r e  abou t th e  a f f e c t s  o f  m ulches on f o l i a r  sodium.

Calcium

Med c a l f  (i|7) and fe n d e r and Gourley (80) found in c re a s e s  i n  

a v a i la b le  calcium  a s  a  r e s u l t  o f  m ulching. S lt to n  e t  a l .  (6U) and Tukey 

and Schoff (71) found no s ig n i f ic a n t  d if fe re n c e  in  a v a i la b le  calcium  

betw een decomposable and non-decomposable mulches and check trea tm e n ts  

th roughou t a  5-y e a r  p e rio d , nor d id  th e  form er w orkers f in d  any change 

i n  f o l i a r  calcium .

Magnesium

No c le a r - c u t  p a t te r n  emerges i n  th e  l i t e r a t u r e  concerning -the 

d i f f e r e n t i a l  a v a i l a b i l i t y  o f  magnesium i n  s o i l  due to  m ulching, fender 

and Gourley (80) found a  c o n c e n tra tio n  o f  approx im ate ly  100 ppm a t  3- 

and 9 - in ch  dep th s in  c u l t iv a te d  s o il  whereas s o i l  mulched w ith  wheat 

s tra w  had approxim ate v a lu e s  o f  175 PP*n a t  a l l  d ep th s .

In  comparison w ith  no-mulch tre a tm e n t, a  Savannah very  f in e  

sandy loam s o i l  i n  M iss is s ip p i mulched w ith  a ly ce  c lo v e r  and n a t iv e  

g ra s s  was re p o r te d  by S lt to n  e t  a l .  (6I4.) to  have had a g re a te r  amount 

o f  exchangeable magnesium i n  th e  0 -6  in ch  depth b u t n o t deeper. S im ila r 

e f f e c t s  were re p o r te d  by l a  tim er and B erc iv a l (37 ). Tukey and Schoff
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(71) found no d if f e r e n c e  i n  magnesium a v a i l a b i l i t y  i n  s o i l  under decom

p o sab le  and non-decom posable m ulches and c le a n  c u l t iv a t io n  a f t e r  5 y e a r s .

In  England, Goode and H ii te  (26) r e p o r te d  a  d e p re ss io n  i n  s o i l  

magnesium under s traw  m ulching a t  th e  end o f  5 y e a r s .  L ikew ise a  

d e c rea se  in  f o l i a r  magnesium o f  a p p le s  under g ra s s  mulch compared w ith  

t r e e s  under c le a n  c u l t iv a t io n  was re p o r te d  by  Urnder and G ourley (8 0 ) .

Although S lt to n  e t  a l .  (6 b ) , a s  p re v io u s ly  n o te d , re p o r te d  no 

a p p re c ia b le  d e c rea se  i n  f o l i a r  magnesium as  f o l i a r  po tassium  in c re a se d  

i n  tung  t r e e s  i n  th e  p resen ce  o f  an  a ly c e  c lo v e r  m ulch, Robinson and 

Ghenery (£8) found th a t  m ulching w ith  e i th e r  n a p ie rg ra s s  ( Pennlstem on 

purpureum) o r c o ffe e  husks had a  s tro n g  tendency  to  induce  magnesium in  

c o ffe e  p l a n t s .  They a t t r i b u t e d  t h i s  to  an  a n ta g o n is t ic  e f f e c t  o f  th e  

exchangeable po tassium  i n  th e  s o i l .

Ifanganese

Fhrker (5>1) made an  e x te n s iv e  rev iew  o f  th e  l i t e r a t u r e  a b o u t th e  

in f lu e n c e  o f  m ulching on manganese i n  p la n t s .  Thom th e  ev idence he p re 

se n te d , i t  ap p ea rs  rea so n a b ly  c o n c lu siv e  t h a t  m ulching can cause a  

re d u c tio n  i n  th e  a v a i l a b i l i t y  o f manganese i n  th e  s o i l .  This may be 

due, among o th e r  th in g s ,  to  th e  low er s o i l  tem p era tu re  and th e  g r e a te r  

amount o f  s o i l  m o is tu re  t h a t  o f te n  a r e  a s s o c ia te d  w ith  a  m ulching p ro 

gram. Jh jim oto  and Sherman (22) and o th e rs  (U7, 5>l) in d ic a te d  t h a t  th e  

m aintenance o f  a  h ig h e r  m o is tu re  le v e l  i n  mulched s o i l ,  compared w ith  

c le a n  c u l t iv a t io n ,  r e s u l t s  i n  th e r e  b e in g  com para tive ly  l e s s  f o l i a r  

manganese i n  th e  mulched p l a n t s .  T h is , th e y  su g g ested , i s  because o f  

l e s s  a v a i l a b i l i t y  o f manganese i n  th e  h y d ra ted  form (2 2 ).
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F if te e n  days from  th e  d a te  o f  co rn  p la n t in g  in  an  experim ent

i n  Iowa, Fhrker (5 l )  found t h a t  th e  mulched p la n ts  had 85 ppm manganese

compared w ith  a manganese le v e l  o f  lli5  ppm i n  unmulched p la n t s .  I n d i

c a t iv e  o f  th e  f a c t  t h a t  th e  85 ppm re p re se n te d  a  d e f ic ie n c y  was th e  

1 .50  m illig ram s p e r  gram o f  a -a m in o -n itro g e n  compared w ith  1 .26  m i l l i 

grams p e r  gram i n  unmulched p l a n t s .  According to  Steward e t  a l .  ( 6 7 ) 

a  manganese d e f ic ie n c y  in  a  p la n t  b lo ck s  p ro te in  s y n th e s is  r e s u l t in g  

in  an  accum ulation  o f  a -am in o -n itro g en .

Med c a l f  (U7) re p o r te d  t h a t  two y e a rs  a f t e r  ap p ly in g  a g ra s s  

mulch to  c o ffe e  3h rubs, th e  c o n tro l  p la n ts  had a  mean c o n c e n tra tio n  o f  

5 l5  ppm o f  manganese compared w ith  188 ppm o r  l a s s  th a n  o n e -h a lf  a s

much manganese a s  i n  th e  unmulched p la n ts .



MATERIALS AND METHODS

L oca tion  o f  th e  Experim ent

The experim ent was c a r r ie d  o u t a t  th e  D avis campus o f  th e  

U n iv e rs ity  o f  C a li f o rn ia .  The mean annual r a i n f a l l  fo r  th e  a re a  i s  

16.65 in c h e s  (9 0 -y ea r average) w ith  abou t 75 p e rc e n t o f  i t  o c c u rr in g  

w ith in  th e  w in te r  p e r io d  o f  December through 1/hrch. J u ly  and August 

a re  u s u a l ly  r a i n l e s s .

The tem p era tu re  ranges from an  average  m onthly maximum o f  about 

103° F i n  June to  a minimum o f  abou t 25° F i n  December and January . 

R rosts a r e  o f  in f re q u e n t  occurence and snows a r e  r a r e ly  rec o rd ed .

The topography o f  th e  a re a  o f  th e  experim en t was l e v e l .  Tie 

s o i l  was an  a l l u v i a l  f in e  sandy loam o f  th e  Yolo s e r i e s .  I t s  g e o lo g ic a l 

o r ig in  was from sed im en tary  rock so u rc e s  in  th e  C oast Range m ountains 

abou t 20 m ile s  w est o f  Ik  v i s .  The s o i l  p r o f i l e  was o f  uniform  m a te r ia l  

s e v e ra l  f e e t  deep . D rainage was good. Pbr many y e a rs  p r io r  to  e s ta b 

l is h in g  th e  experim en t, th e  land  had been under uniform  cropp ing  

p r a c t ic e s ;  most r e c e n t ly  a l f a l f a  and  b e fo re  th e n  a  peach o rc h a rd  opera

t io n .

The v a lu es  o f  s ix  chem ical p ro p e r t ie s  o f  each o f  10 s o i l  samples 

t h a t  were tak en  a t  random from w ith in  th e  experim ent a re a  a  few days 

b e fo re  making any tre a tm e n ts  a r e  shown in  Table 5*
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TABT.re 5*—Chemical com position  o f  th e  s o i l  i n  th e  a re a  o f  th e  experim ent
p r io r  to  trea tm e n t

Sample
Organic
m atter pH

N it r a te
n itro g e n

T o ta l
n itro g e n

A v a ilab le
phosphorus

A v a ilab le
po tassium

% ppm % ppm ppm

1 U.3 6 .7 2 5 .6 0 .0 8 31.5 U20
2 1*.6 6 .8 3 0 .U 0.09 29.7 1*20
3 U-9 6 .9 29 .6 0.10 28.8 1*20
k 5-3 6 .8 32 .0 0.13 30.6 1*80
5 U.2 6 .8 26 . 1* 0 .0 8 28.8 U70
6 U-5 6 .7 21*.0 0.08 28.8 500
7 k-9 6 .7 21*.0 0 .08 29.7 ii30
8 5 .1 6 .8 2U.0 0.10 27-9 150
9 U.5 6 .8 28.2 0.12 27.0 1*20

10 U.9 6 .7 2 8 .0 0.09 27.9 U30

Mean U.7 6 .8 2 7 .1 0 .10 29.1 15U

The w eight o f  s o i l  i s  o r d in a r i ly  e x p re ssed  a s  2 ,OCX),000 pounds 

p e r  a c r e  p low -share  o r  6 2 /3 - in c h  d ep th . The w eigh t in  pounds o f  some 

o f  th e  s o i l  c o n s t i tu e n ts  o f T able 5 i n  t h a t  amount o f  s o i l  would be  a s  

fo llo w s  s®

O rganic m a tte r  . . . . 91*,000
N it r a te  n i t ro g e n  . . . 135
T o ta l n i tro g e n  . . . . 1 ,920
A v a ilab le  phosphorus . 58
A v a ilab le  po tassium  . 908

Assuming th a t  a s  much a s  95 p e rc e n t  o f  th e  t o t a l  n itro g e n  o f  th e  s o i l  

was i n  o rgan ic  form , th e  com position  o f  th e  o rg an ic  m a tte r  would h are  

been ap p ro x im ate ly  2 p e rc e n t n i t ro g e n  (1920 x  0 .9 5  * 91*,000). This 

i s  somewhat low s in c e  th e  amount in d ic a te d  f o r  o rg an ic  m a tte r  i s  

u s u a l ly  5 to  10 p e rc e n t  (10, 11, 17).

Q
The n i t r a t e  n itro g e n  v a lu e  i s  f o r  th e  top  l5 - in c h  h o riz o n  o f  

s o i l ;  t h e  volume e s tim a te d  to  have been p e n e tra te d  by i r r i g a t i o n  w a te r .
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T reatm ent a and Experim ent Design

The tre a tm e n ts  were b a re  s o i l ,  r e p re s e n tin g  th e  check, and 

m ulches o f  woodshavings and woodchips upon which was superim posed a  

b ro a d c a s t a p p lic a t io n  o f  calcium  n i t r a t e  f e r t i l i z e r  a t  e lem en ta l n i t r o 

gen r a t e s  o f  0 , 1 , and  2 pounds p e r  1000 square  f e e t ,  th e  e q u iv a le n t  o f  

0 , 1*5, and 90 pounds p e r  a c r e ,  r e s p e c t iv e ly .  T his comprised n in e  dif
f e r e n t  m u lc h - f e r t i l i z e r  t re a tm e n ts , a l l  o f  which were a rran g ed  i n  a  

com plete-b lock  f a c t o r i a l  design  w ith  s ix  r e p l i c a t io n s  f o r  each; a  t o t a l  

o f  5k p lo t s  (3 mulch le v e l s  x  3 f e r t i l i z e r  le v e ls  x  6 r e p l i c a t io n s  ~ 5k 

p l o t s ) . Each p lo t  was 11*3 square  f e e t  in  a re a ;  13 f e e t  long i n  a  n o r th -  

so u th  d i r e c t io n  and 11 f e e t  w ide. Hie p lo t  p la n  i s  shown in  f ig u re  2 .

The b a re  s o i l  o r  no mulch tre a tm e n t was never c u l t iv a te d  and 

was k ep t w eed-free  by  o c c a s io n a lly  sp ray ing  any  weed s e e d lin g s  w ith  a  

d i n i t r o - i n - o i l  c o n ta c t h e rb ic id e .

The woodshavings c o n s is te d  o f  lo c a l ly  a v a i la b le  p lan in g  m i l l  

r e s id u e  from new k i ln - d r ie d  lumber o f  d o u g la s - f i r ,  Pseudotsuga m e n s ie s ii .  

I t  w i l l  be r e c a l le d  t h a t  v a rio u s  w orkers (2 , l*j 11, 13) have shown t h a t  

a lth o u g h  d o u g la s - f i r  wood has an u n u su a lly  wide c a rb o n -n itro g e n  r a t i o  

o f  a s  much a s  700, i t  i s  n o t r e a d i ly  decomposed because o f  a  h ig h  

l ig n o -c e l lu lo s e  c o n te n t.

Hie woodchips were d e riv ed  from  branches and lim bs r e c e n t ly  

pruned from  an  a sso rtm en t o f  lan d scap e  t r e e s ,  b u t  p r im a r ily  from  th e  

b ro ad -leav ed  everg reen  E ucalyp tus ftfltnaldulensis. These p rim in g s were 

passed  th rough  a p o r ta b le  m echanical ch ipper^  which reduced  them to  c h ip s .

^SLnce th e  in tro d u c tio n  o f  p o r ta b le  m echan ica l wood ch ip p e rs  
abou t 195>0, an  in c re a s in g  number o f  a r b o r i s t s  and  o th e rs  concerned w ith  
t r e e s  have been red u c in g  t r e e  p ru n in g s  to  woodchips th e reb y  red u c in g  
th e  bu lk  ab o u t f iv e  tim e s  (31*).
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C om position  d a ta  o f m a te r ia l  b e l ie v e d  to  be re a s o n a b ly  com parab le  

to  th e  m ulch m a te r ia l  a r e  shown i n  T ab le  6 .  On th e  b a s i s  o f  th e s e  d a ta  

and th e  fo re g o in g  e s t im a te d  coaqposition  o f  w oodchips o f  th e  E u c a ly p tu s ,

TABLE 6 . —Amount o f  c e r t a i n  n u t r i e n t s  in  w oodshavings o f  P seu d o tsu g a  
m e n z ie a ii  and  v a r io u s  f r a c t i o n s  o f  p ru n in g s  o f  E u c a ly p tu s  c a m a ld u le n s is

N u tr ie n t  e lem en t , 
p e rc e n ta g e  d ry  w e ig h t b a s i s '

M a te r ia l-1

Compo
s i t i o n ,  
e s tim a te d  
p e rc e n ta g e  
d ry  w e ig h t 
b a s is

N itro g e n  Phosphorus P o ta ss iu m

Ti
0
a>tn
g

+*~H
S 3rH ^
0 5  
* IOV. a> =jfc

bC■H Ua> a> 
I* P.

0Pia>nXJo

s i

t *® tfe 
-p §
•s.3
® ® P.

et
I t
t ®

t»  H I -Ikt
S ,> §

<0 "fT  h  XI ® ® O ^  o,

P se u d o tsu g a  m e n z ie s ii  
Mood fw oodshav ings) 100 .ou •oU .02 .02 .05 *91

E u c a ly p tu s  c a a a ld u le n s is
70 .29 .203 •0lj .028 .09 .063

Bark 12 .50 .060 .05 .006 .38 .0ii6

Leaves 15 1.52 .228 .08 .012 .66 .099

F r u i t 3 1.15 •03U .Hi .OOli .82 . 0 ro

TOTAL (W oodchips) 100 *12. *91 .23

O b ta in ed  J u ly  17 , 1965; th e  n ew ly -p ro d u ced  P seu d o tsu g a  wood
sh av in g s  from  th e  same so u rc e  a s  th e  w oodshavings used  i n  th e  e x p e r im e n t, 
th e  E u c a ly p tu s  f r a c t i o n s  from  t r e e s  grow ing n e a r  D a v is , C a l i f o r n i a ,  
P re p a re d  and a n a ly z e d  a c c o rd in g  t o  th e  m ethods d e s c r ib e d  l a t e r .

2
U n d e r lin in g  i s  f o r  c o n p a r iso n  c o n v e n ie n c e .

3 Each datum i s  a  mean o f  f o u r  o b s e rv a t io n s .

^  O bserved datum  x  co m p o sitio n  datum  /  100
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in fe re n c e  may be made t h a t ,  compared w ith  th e  woodshavings mulch, th e  

woodchips mulch c o n ta in ed  ab o u t 12 tim es more n itro g e n , 2 tim es more 

phosphorus, and  h tim es more po tassium  (T able 6 ) .

th e  m ulches were a p p lie d  d u rin g  th e  week o f  June 22 , 1959, a  few 

days s if te r  th e  s o i l  had been  d is k - c u l t iv a te d .  Both m ulches were a p p lie d  

i n  a  la y e r-d e p th  o f  ab o u t 2^  in ch e s  o r  ab o u t one cubic y a rd  p e r  p l o t  

(7 cub ic  y a rd s  p e r  1000 square  f e e t  o r  300 cub ic  y ard s p e r  a c r e ) .  This 

was a  p e r  a c re  a p p l ic a t io n  o f  abou t 25 to n s  o f  woodshavings and I4.O to n s 

o f  woodchips s in c e  th e  r e s p e c t iv e  d ry  w eight o f  each was 165 and 270 

pounds p e r  cub ic  y a rd . A l te r n a te ly ,  i t  c o n s t-' tu te d  a  n itro g e n  a p p l i 

c a t io n  o f  ab o u t 20 pounds p e r  a c re  from th e  woodshavings and 1*00 pounds 

p e r  a c re  from th e  woodchips.

The m u lc h / f e r t i l i z e r  tre a tm e n t com binations, th e  f a c to r  sym bols, 

and th e  amount o f  n i tro g e n  su p p lie d  by each a r e  shown i n  Table 7*

A p p lica tio n  o f  th e  calcium  n i t r a t e  f e r t i l i z e r  was de layed  u n t i l  

September 9 , 1959, s in c e  i t  was th o u g h t t h a t  ap p ly in g  i t  e a r l i e r  m ight 

have an ad v erse  a f f e c t  on th e  young chrysanthemum p la n t s ,  p a r t i c u l a r ly  

th e  unmulched o n e s . The f e r t i l i z e r  was b ro a d c a s t d i r e c t l y  upon th e  

mulch o r ,  i n  th e  unmulched p l o t s ,  upon th e  b a re  s o i l .

Bach o f  th e  5U p lo t s  was p la n te d  w ith  8 p la n ts  each o f  two c lo n es 

o f  Chrysanthemum m orifo lium  ( ’A r lo ra 1 and ’C h ris  Golumbus1) and one 

p la n t  each o f  L igustrum  japonlcum  (Japanese  p r iv e t )  and Fbi jo a  se llo w ta n a

I t  sh o u ld  be n o ted  t h a t  m ulching proceeded th e  p la n t in g .  The 
convenience i n  sp read in g  th e  m ulches f a r  outw eighed th e  s l i g h t  e f f o r t  o f  
te m p o ra r ily  d is p la c in g  th e  m ulches du ring  p la n t in g .
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p i n e a p p l e - g u a v a ) T h e s e  p la n ts  w ere used  f o r  v a rio u s  re a s o n s , fb r 

one th in g  th e  chrysanthemum p la n ts  a r e  herbaceous j th e  o th e r  two a re  

b ro ad -leav ed  ev erg reen  sh ru b s . P tirtherm ore, i t  was o f  i n t e r e s t  to  

de term ine  how v a r ia b le  any o f  th e  e f f e c t s  m ight be betw een two c lo s e ly

TABLE 7*— Treatm ent com bination , f a c to r  sym bols, and amount o f  n itro g e n  
(pounds p e r  a c re )  su p p lie d  to  th e  s o i l  by  th e  t r e a tm e n ts !

C u ltu ra l  tre a tm e n t N itrogen  from
and Phctor symbol in d ic a te d  sou rce  T o ta l

-------------------------------------------- -----------------------------------  n i tro g e n
Mulch, A F b r t i l i z e r ^ ,  B Mulch‘d P b r t i l i a e r ^

None, ax None, bx 0 0 0
None, ax Che, b 2 0 US US
None, ax Two, b^ 0 90 90
W oodshavings, a 2 None, bx 20 0 20
Woodshavings,  a 2 Ctoe, bg 20 US 6S
lo o d sh av in g s , a 2 Two, b 3 20 90 110

Woodchips, a^ None, bx ii00 0 l*oo
Woodchips, a 3 One, b2 1*00 US l*li5
Woodchips, a 3 Two, b3 Uoo 90 1*90

Data f o r  th e  mulch a r e  c a lc u la te d  v a lu e s ; f o r  th e  f e r t i l i z e r ,  
rounded v a lu e s .

2
Pounds o f  e lem en ta l n i tro g e n  a p p lie d  p e r  1000 sq u are  f e e t .

■5
^ A v a ila b le  upon decom position  o f  th e  mulch.
Ij,

Im m ediately a v a i la b le  a s  n i t r a t e  n itro g e n

r e la te d  p la n t s ,  th u s  th e  two c lo n e s  o f  chrysanthemum. In  a  s tudy  o f  th e  

perform ance o f  10 g a rden -type  chrysanthemums th e  p rev io u s  summer, th e  

'A r lo ra ' and 'Chio S t a te 1 c lo n es  were r a te d  th e  b e s t . ^  C onsequently ,

^  H erein  f re q u e n tly  r e f e r r e d  to  a s  in d ic a to r  p la n t s ;  a  term  
o f te n  used i n  re fe re n c e  to  p la n t s  t h a t  se rv e  a s  b io lo g ic a l  in d ic a to r s .

12 A u th o r 's  unpub lished  d a ta .
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use o f  th e s e  two was p lan n ed  b u t th e  s u p p l i e r 's  sh o rta g e  o f  th e  l e t t e r  

n e c e s s i ta te d  th e  s u b s t i tu t io n  o f  th e  com parable 'C h r is  Columbus' c lo n e . 

The two woody p la n ts  were chose because th ey  a r e  e x te n s iv e ly  used i n  

lan d scap in g  i n  W estern U n ited  S ta te s .

The chrysanthemum p la n t s ,  com plim ents o f  N eal B ro s ., T oledo , 

Chio, were p la n te d  on J u ly  7 , 1959, a f t e r  be ing  grown i n  a  greenhouse 

i n  2 -in c h  J i f f y  p e a t  p o ts  from  June 15, 1959, when th e y  had been 

re c e iv e d  a s  ro o te d  c u t t in g s .  The n ex t sp r in g , on March 11, I9 6 0 , th e  

Li g u s t rum p la n ts  were p la n te d ;  th e  Efaijoa p la n ts  10 days l a t e r .  ^  At 

p la n t in g  tim e , th e  re q u ire d  number o f  each  o f  th e  two woody sh rubs had 

j u s t  been re c e iv e d  a s  15- t o  l8 - in c h -h ig h  1 -g a llo n  s to c k  from Oki Nur

s e ry , Sacram ento, C a l i f o r n ia .  Both sh ru b s  had been v e g e ta t iv e ly  p ro p a

g a ted  b y  c u t t in g s  and grown under a  r o u t in e  p ro d u c tio n  schedu le  o v e r an 

8-month p e rio d  p r io r  to  p la n t in g .

A d e s c r ip t io n  o f th e  arrangem ent o f  a l l  th e  p la n ts  in  each  p lo t  

fo llo w s . Each chrysanthemum clone was lo c a te d  in  two a d ja c e n t n o r th -  

sou th  rows o f  fo u r  p la n ts  e a c h . In  o th e r  words, th e r e  were two U -p lan t 

rows o f  each o f  two c lo n e s ; t o t a l s  o f  U rows and 16  chrysanthemum p la n ts  

p e r  p l o t .  C o l le c t iv e ly ,  th e  p la n ts  w ere i n  th e  c e n t r a l  p o r t io n  o f  th e  

p lo t  w ith  s q u a re -g r id  sp ac in g  o f  30 in c h e s  between p l a n t s .  By random 

c h o ic e , th e  p la n t s  o f  one c lo n e  were p la n te d  in  two a d ja c e n t rows in  

e i t h e r  th e  e a s t  o r  th e  w est h a l f  o f  a  p l o t ;  th o se  o f  th e  o th e r  c lo n e  in  

th e  o th e r  h a l f  o f  th e  p l o t .

I t  was though t t h a t  p la n t in g  th e  Fbijoa  and H gustrum  p la n ts  
du ring  th e  1959 growing seaso n  m ight a f f e c t  th e  growth o f  th e  ch ry san 
themum p la n ts  t h a t  would be  n e a re s t  them .
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In te rp h a n te d  betw een th e  two in s id e  rows o f  chrysanthemum 

p la n t s  was one p la n t  each o f  E bijoa and ilg u s tru m  (F ig u res  2 and 3 ) . 

There were no guard  p la n ts  i n  th e  experim ent s in c e  th e  spacing  

betw een p la n ts  and  between p lo t s  was designed  to  a v o id  any o v e rlap p in g  

e f f e c t s  o f  th e  t re a tm e n ts .

f i r i n g  th e  term  o f  th e  experim en t, a l l  o f  th e  p lo ts  were sp r in k 

l e r  i r r i g a t e d  a b o u t once e v e ry  two weeks to  a  dep th  o f  app rox im ate ly  15 

in c h e s  when th e  m o is tu re  supp ly  i n  any o f  th e  p lo t s  was co n sid e red  low. 

A lso , th e  a re a  was s im i la r ly  i r r i g a t e d  im m ediate ly  a f t e r  th e  a p p l ic a 

t io n s  o f  m ulches and f e r t i l i s e r .

Sampling Procedures 

S o il E v a lu a tio n s

Tem perature

S o il  te m p e ra tu re , a s  r e la te d  to  s o i l  su rfa c e  c o n d itio n s  (mulch 

v e rs u s  no mulch) was determ ined  on September 12, 1960j March 21 , 1961 j 

and May 27, 1961. These m easuring d a te s  were c o n sid e red  to  r e p r e s e n t  

f a i l ,  sp r in g , and summer c o n d it io n s , r e s p e c t iv e ly .  The w eather on th e  

fo reg o in g  d a te s  was c le a r  and calm betw een m idaftem oon  and abou t 

5:00  p . m. when th e  s o i l  tem p era tu res  were ta k e n . A d ia l - ty p e  R ocheste r 

therm om eter, w ith  a  2 0 -ce n tim e te r- lo n g  stem  was used  in  rec o rd in g  th e  

te m p e ra tu re s . The f u l l  le n g th  o f  th e  stem  was in s e r te d  in to  th e  s o i l  

and th e  therm om eter l e f t  i n  p la c e  f o r  a b o u t one m inute u n t i l  th e  n eed le  

had s t a b i l i s e d  b e fo re  re a d in g  th e  te m p e ra tu re . The s o i l  temp e ra t t i r e  f o r  

each p l o t  was an  av erag e  o f  th r e e  o b se rv a tio n s  made a t  random lo c a t io n s  

w ith in  a  p lo t .
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F igure  2 . - - H o t  p la n  o f  th e  experim ent. A ll  tre a tm e n ts  were 
random ly r e p l i c a te d  in  each o f  th e  s ix  b lo ck s  d e lin e a te d  by  th e  
h e a v ie s t  boundary l i n e s .  The symbol in  th e  upoer l e f t  c o rn e r  o f  each 
p lo t  in d ic a te s  which chrysanthemum c lo n e  was on t h a t  s id e  o f  th e  p l o t .  
The blown-up p lo t  i l l u s t r a t e s  th e  arrangem ent o f  th e  p la n ts  i n  a  p lo t .
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F igure  3»—The a re a  o f  th e  experim ent a s  i t  
icts i n  1961. By th en , th e  chrysanthemum p la n ts  had 
been e lim in a te d  from th e  p lo t s  w ith  a  d i n i t r o - i n - o i l  
c o n ta c t  h e rb ic id e  and o n ly  th e  Efeijoa and L lgustrum  
p la n ts  rem ained. The view  i s  to  th e  e a s t .
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M oistu re

S o il sam ples were c o l le c te d  from each  o f  th e  $k p lo ts  on 

Septem ber 8 , i9 6 0 , two weeks a f t e r  a l l  p lo t s  had been s p r in k le r  i r r i 

g a te d , to  d e te rm in e  th e  p e rc e n ta g e  o f  s o i l  m o is tu re  on a  d ry  w eight 

b a s i s .  Bach sam ple c o n s is te d  o f  a  com posite o f  s o i l  from th r e e  random 

lo c a t io n s  w ith in  a  p lo t ;  a l l  th r e e  being  a t  l e a s t  12 in ch e s  beyond th e  

p e r ip h e ry  o f any  in d ic a to r  p l a n t .  Im m ediately b e fo re  ta k in g  a sam ple, 

th e  s o i l  su rfa c e  was spo t c le a re d  o f a l l  mulch m a te r ia l .  The sam ples 

were weighed, d r ie d  to  a  c o n s ta n t  w eight a t  10£° C i n  a  fo rce d  d r a f t  

oven f o r  fo u r days and th en  weighed a g a in  to  determ ine  m o is tu re  lo s s .

Chemical p ro p e r t ie s

S o il  sam ples, w ith  which c e r ta in  chem ical p r o p e r t ie s  were d e te r 

m ined, were c o l le c te d  on two d a te s .  These d a te s  and th e  a n a ly t i c a l  u se s  

made o f  th e  r e s p e c t iv e  sam ples a r e  g iven  below .

June 19, 1959

S o il c o l le c te d  on t h i s  d a te  was used  in  th e  a n a ly s i s  o f  th e  

b e fo re - tre a tm e n t chem ical p r o p e r t i e s .  T his c o l le c t io n  d a te  was betw een 

th e  tim e  th e  a re a  was d is k - c u l t iv a te d  and th e  mulch tre a tm e n ts  were 

made. Three sam ples were c o l le c te d  a t  random from each o f  th e  £1| p l o t s ,  

d r ie d  a t  65° F i n  a  fo rced  d r a f t  oven f o r  2k hours and s to re d  in  mani l a  

paper b ag s . A n a ly s is  o f th e  chem ical p r o p e r t ie s  a s  d e sc r ib e d  l a t e r  was 

made d u rin g  th e  summer o f  1962 o f  10 sam ples tak en  random ly from th e  l o t .

September 11, 1961

A fte r- tre a tm e n t chem ical p ro p e r t ie s  o f  th e  s o i l  were determ ined  

u s in g  samples c o l le c te d  on t h i s  d a te . T his was 26 and 2k months,
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r e s p e c t iv e ly ,  a f t e r  th e  m ulches and th e  f e r t i l i z e r  n i tro g e n  had been  

a p p lie d . Two se ek s  b e fo re  c o l le c t in g  th e  sam ples, th e  experim ent a r e a  

had  been s p r in k le r  i r r i g a t e d  to  b r in g  th e  s o i l  to  f i e l d  c a p a c ity . The 

n e x t day a f t e r  i r r i g a t i n g ,  ap p ro x im ate ly  1 - fo o t-d ia m e te r  randomly 

lo c a te d  sp o ts  i n  each o f th e  mulched p l o t s  were c le a re d  o f  a l l  m ulch 

m a te r ia l .  T h is was done so th e  s o i l  sam ples, when c o l le c te d ,  w ould 

a l l  have com parable m o is tu re .

The s o i l  sam ples were c o l le c te d  from th e  o - li- in c h  depth  w ith  a  

3 - in ch -d iam e te r  s o i l  a u g e r . They were a i r  d r ie d , s ie v e d , and s to re d  

i n  m anila p a p e r b a g s . A n a ly sis  was made f o r  pH, o rg a n ic  m a tte r , n i t r a t e  

n i tro g e n , t o t a l  n i tro g e n , phosphate  phosphorus, and a v a i la b le  po tassium  

d u rin g  th e  summer o f 1962.

KLant E v a lu a tio n s

N u tr ie n t e lem ent com position

f b l i a r  a n a ly s is  te c h n iq u e s  were im p o rtan t t o o l s  i n  t h i s  s tu d y . 

They were u se d , n o t to  de te rm ine  an  o p tim a l range o f  any  n u t r ie n t  

elem ent i n  th e  p la n t s ,  b u t r a t h e r  to  compare th e  e f f e c t  o f  th e  v a r io u s  

tre a tm e n ts  on th e  n u t r ie n t  e lem ent com position .

Chrysanthemum c lo n e s

The n u t r i e n t  e lem ent composition of th e  chrysanthemum p la n t s  

was determ ined  from fo l ia g e  sam ples c o l le c te d  on May 2 and Ju ly  2 , I960 . 

These two c o l le c t io n s  w ere from d i f f e r e n t  stems s in c e  th e  p la n ts  had  

been  h a rv e s te d  fo llo w in g  th e  May 2 sam pling .

Each sam ple was a  com posite o f  ab o u t 25 p e t i d e d - l e a v e s  from  

a  s in g le  c lo n e  o f  a  p l o t .  S ince many w orkers (65, 73) have p o in te d  o u t
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a  g e n e ra l p a t t e r n  o f  n i t ro g e n ,  phosphorus, and p o tassium  b e in g  h ig h e s t  

i n  young le a v e s  and calcium  and magnesium h ig h e s t  i n  o ld  le a v e s ,1^  an 

e f f o r t  nas made to  s e l e c t  le a v es  o f  com parable p h y s io lo g ic a l  a g e . To 

a c h ie v e  t h i s ,  each l e a f  was tak en  from  abou t h in c h e s  below th e  shoo t 

a p ex  in  th e  v i c i n i t y  o f  th e  most r e c e n t ly  f u l l y  expanded l e a f  o f  a  stem. 

In  a  few p l o t s ,  i t  was n e c e ssa ry  to  c o l l e c t  a  second l e a f  from  some o f  

th e  stem s. T h is  l e a f  was on th e  n e x t node below  where th e  f i r s t  l e a f  

had  been s e le c te d .

As soon a s  th e  fo l ia g e  sam ples were c o l le c te d  th e y  were p lac ed  

i n  a  fo rce d  d r a f t  oven and  d r ie d  a t  between 70° and 7$° C f o r  20 

h o u r s . ^  A fterw ards th e y  were ground i n  a  IB ley  m i l l  to  p ass  a  20-mesh 

sc re e n  and s to re d  in  corked  g la s s  v i a l s  u n t i l  an a ly zed  f o r  th e  n u t r ie n t  

e lem ent com position .

F e ijo a  and Li g u s t rum p la n t s

The n u t r i e n t  e lem ent com position  o f  th e s e  two sh rubs was d e te r 

m ined from f o l ia g e  sam ples c o l le c te d  i n  I960 on O ctober £ and in  1961 on 

June 1 and J u ly  21 . Each sample c o n s is te d  o f  a  com posite o f  s in g le  

le a v e s  c o l le c te d  from U to  $ in c h e s  below  th e  apex  o f  each o f  2£ sh o o ts  

p e r  p la n t .  A f te r  c o l le c t io n  th e s e  sam ples were hand led  i n  th e  manner 

d e sc r ib e d  above.

T h is  p a t t e r n  g e n e ra l ly  co rresponds to  m e ta b o lic , sh o o t e longa
t i o n ,  and l e a f  expansion  r a t e s  i n  p la n t s .

None o f  th e  le a v e s  were washed when c o l le c te d  because  th e  
overhead i r r i g a t i o n  f o r  a b o u t 6 hours th r e e  to  fo u r  days p r i o r  to  each 
sam pling d a te  l e f t  th e  le a v e s  r e l a t i v e l y  c le a n .
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Chrysanthemum c lo n e s

Number o f  stem s*—The stems growing from th e  r o o t  crown o f  th e  

chrysanthemum p la n t s  were counted  on A p r il  28, I9 6 0 .

P la n t s i z e . —The h e ig h t  and sp read  o f  th e  chrysanthemum p la n ts  

were m easured on A p ril  27 and June 30 , I960. The d a ta  f o r  th e  i n d iv i 

d u a l p la n ts  were co n v erted  to  v o lu m etric  v a lu es  by the  form ula  (h e ig h t 

x  sp read  x  0.785U ). The s iz e  d a ta  c o n s t i tu te d  th e  amount o f  grow th o f  

th e  p la n ts  from  th e  tim e th ey  had been l a s t  h a rv e s te d  a s  d e sc r ib e d  below .

P la n t w e ig h t.—The h a rv e s tin g  and w eighing o f  th e  chrysanthemum 

p la n ts  were done i n  1959 on November 30 and in  I960 on May 3 and a g a in  

on Ju ly  8. The p la n ts  were c u t o f f  a t  ground le v e l  and im m ediate ly  

weighed to  th e  n e a r e s t  l / lO  pound on a  sp r in g - ty p e  s c a le .  The few 

le a v e s  t h a t  had been  tak en  f o r  f o l i a r  a n a ly s is  pu rposes j u s t  p r i o r  to  

h a rv e s t in g  d id  n o t a l t e r  th e  com parative w e ig h ts  o f  th e s e  p la n ts .

F b ijo a  and L igustrum  p la n ts

Boot w e ig h t. — In November 1961, two growing seasons a f t e r  th e  

woody shrubs had been p la n te d  i n  th e  p l o t s ,  r o o t  sam ples were tak en  

from  a r e p re s e n ta t iv e  number o f  each o f  them to  a s s e s s  ro o t  growth.

Each sample was a  com posite o f  f iv e  s o i l  b o rin g s  from around th e  p e r i 

p h e ry  o f  each p l a n t .  The b o rin g s  were made to  a d ep th  o f  9 in c h e s  and 

d iv id e d  in to  th r e e  3 -in ch -d eep  in c re m e n ts . Thus th re e  com posite 

sam ples w ere c o l le c te d  from  around an  in d iv id u a l  p la n t .

The sam pling equipm ent in c lu d e d  a  c y l in d r ic a l  s o i l  c o rin g  to o l  

hav ing  an  in s id e  d iam ete r o f  th r e e  in ch e s  t h a t  was powered by a  slow - 

speed e l e c t r i c  d r i l l .  E le c t r i c i ty  f o r  th e  d r i l l  was a v a i la b le  from a
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wheel-m ounted g e n e ra to r  d e sc r ib e d  b y  Lownsbery e t  a l .  (U l). P r io r  to  

sam pling , a l l  o rg an ic  m a tte r  was c le a re d  from th e  s o i l  s u r fa c e  benea th  

th e  p l a n t s .  As th e  sam ples were c o l le c te d ,  th e  r o o ts  were seja r a te d  

from th e  s o i l  by s ie v in g . Loss o f  some o f th e  h a i r - s i z e  r o o ts  during  

s ie v in g  was co n sid e red  conparab le  f o r  a l l  o f  th e  sam ples and th e re fo re  

to  have had no a d v erse  e f f e c t  on th e  com parative i n t e r p r e t a t i o n  o f  th e  

d a ta .

3 io o t growth o f  th e  E b ijo a . —The c u r re n t  s e a s o n 's  l in e a r  shoo t 

growth was m easured on th e  E bijoa p la n t s  on Septem ber 12, 196 l .  This 

in c lu d e d  a l l  th e  p rim ary  and secondary  shoo ts  o f  a  p la n t .

A n a ly tic a l  P rocedures 

S o il  P ro p e r t ie s

The methods o u t l in e d  by  RLble and Quick (5 6 ) , com parable to  th o se  

d e sc r ib e d  by Black ( 9 ) ,  were used to  an a ly ze  v a r io u s  s o i l  p ro p e r t ie s .  

U iese methods a re  b r i e f l y  d e sc rib e d  h e r e a f te r .  The s o i l  r e a c t io n  was 

determ ined  by  m easuring th e  01 w ith  a  g la s s  e le c tro d e  Beckman pH m eter 

u s in g  th e  s a tu r a te d  p a s te  method (9 , pp . 920-921, 935)* N i t r a te  n i t r o 

gen was e x tr a c te d  from th e  s o i l  sam ples w ith  calcium  s u l f a t e  and sodium 

phospha te , th e  e x t r a c t  t r e a te d  w ith  s i l v e r  s u l f a t e  to  remove c h lo r id e , 

and analyzed  c o lo r im e t r ic a l ly  by th e  p h e n o ld isu lfo n ic  method u sin g  a 

Bausch and Lomb c o lo r im e te r  equipped w ith  a  U00-lj20 m illim ic ro n  b lu e  

f i l t e r  (9 , pp . 1212-1217, s l i g h t l y  m o d if ie d ) . T o ta l n itro g e n  was found 

by a  m odified  K je ld ah l p ro ce d u re .

A v a ilab le  phosphorus was e x tra c te d  by  0 .5  m olar sodium b ic a r 

b ona te  s o lu t io n  a t  pH 8 .5  and determ ined  c o lo r im e t r ic a l ly  by th e  ammo

nium mo ly b d a te -s ta n n o u s  c h lo r id e  method u sin g  a  Bausch and Lomb
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c o lo r im e te r  equipped w ith  a  650-700 m illim ic ro n  re d  f i l t e r  (9 , pp . 10l*JU— 

101*7) • A v a ila b le  po tassium  was e x tra c te d  by 1 .0  norm al ammonium a c e ta te  

s o lu t io n  a t  pH 7-0  and determ ined  p h o to m e tr ic a lly  w ith  a  Beckman DU 

flam e spectropno tom eter (9* pp . 1025-1028). O rganic m a tte r  was d e te r 

mined by lo s s  o f  w eight on ig n i t i o n .

N u tr ie n t Element Com position o f  th e  
In d ic a to r  P la n ts

The amount o f  v a r io u s  n u t r ie n t  e lem ents i n  th e  fo l ia g e  o f  th e  

fo u r  in d ic a to r  p la n ts  was found by  th e  a n a ly t i c a l  p ro ced u res used i n  

th e  Ftomo logy  L abo ra to ry  o f  th e  Eh v i s  campus o f  th e  U n iv e rs ity  o f  

C a li fo rn ia .  The f i r s t  s te p  i n  th e s e  p ro ce d u re s , a p p lic a b le  f o r  phos

p ho rus, p o tassiu m , ca lc ium , sodium, magnesium, and m anganese, was d ig e s 

t i o n  in  th e  p resen ce  o f  a  s o lu t io n  o f  ammonium hydroxide and n i t r i c  

a c id  fo llow ed  by  ash in g  i n  a  m uffle  fu rn a c e . The c o n c e n tra tio n  o f  t o t a l  

p o tassium , ca lc ium , sodium , magnesium, and manganese was determ ined  by 

flam e photom etry  using  a  Beckman Model DU sp ec tro p h o to m eter w ith  flam e 

a ttach m en t and m odified  a m p l i f ie r .  The amount o f  t o t a l  phosphorus was 

determ ined c o lo r im e t r ic a l ly  w ith  a  r e d - f i l t e r e d  Bausch and Lomb 

c o lo r im e te r .

D eterm ination  o f  th e  t o t a l  n i tro g e n  in  th e  f o l ia g e  o f  th e  i n d i 

c a to r  p la n ts  was made by a  m od ified  K je ld ah l method. I t  c o n s is te d  o f  

adding  a  s u l f u r i c  a c id - s a l i c y l i c  a c id  m ix tu re  to  th e  ground lea v es  and 

th e n  d ig e s tin g  in  K Jeldahl d ig e s tio n  a p p a ra tu s .

The r e s u l t s  o f  a l l  a n a ly se s  a re  p re se n te d  on a  d ry  w eight b a s i s .  

C o n cen tra tio n  o f  th e  e lem ents i s  exp ressed  in  p a r t s  p e r  m il l io n  fo r  

manganese and i n  p e rcen tag e  f o r  th e  o th e r  e lem en ts.
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S t a t i s t i c a l  Procedures 

The s t a t i s t i c a l  s ig n if ic a n c e  o f  th e  d if f e r e n c e s  o f  a l l  t h e  d a ta  

■was t e s te d  by  a n a ly se s  o f  v a ria n c e  a cc o rd in g  to  m ethods d e sc r ib e d  by 

S te e l  and T o rr ie  (6 6 ) . Only a n a ly se s  o f  v a ria n c e  o f  th e  raw d a ta  in  

a r i th m e tic  form  a r e  re p o r te d . Doing lo g  tra n s fo rm a tio n s  o f th e  d a ta  

b e fo re  do ing  th e  a n a ly se s  o f  v a r ia n c e  t b s  n o t needed.

The a n a ly se s  o f  v a ria n c e  o f  th e  d a ta  fo r  th e  n u t r ie n t  e lem ents 

i n  th e  in d ic a to r  p la n ts  c o n s is te d  o f  a  s p l i t - s p l i t  p l o t  f a c t o r i a l  

d e s ig n ,-^  by which th e  mulch and f e r t i l i s e r  f a c to r s  w ere an a ly zed  in  

th e  #1 o le  u n i t ;  th e  p la n ts  ( e i th e r  th e  two chrysanthemum c lones o r  th e  

two woody p la n t s )  i n  th e  s u b -u n it ,  and  th e  sam pling d a te s  (two f o r  th e  

chrysanthemum c lo n es and  th re e  fo r  th e  two woody p la n t s )  in  th e  

s u b -s u b -u n it . ^

The r e s u l t s  a r e  p re se n te d  i n  ta b u la r  and n a r r a t iv e  v e rs io n s

under each o f  s e v e ra l  s u b je c t  c a te g o r ie s .  Most o f  th e  t a b le s  w ith in
1 flth e  n a r r a t iv e - a r e  s o - c a l le d  se g re g a te d  two-way t a b l e s .  Each such 

ta b le  c o n s i s t s  o f  th o se  d a ta ,  r e l a t e d  to  a  s ig n i f ic a n t  i n t e r a c t io n ,

One o f  th e  p r in c ip a l  re a so n s  f o r  u sing  a  f a c t o r i a l  d e s ig n  in  
t h i s  s tu d y  was to  d e te c t  and m easure th e  in te r a c t io n s  o f  th e  v a r io u s  
tr e a tm e n ts .  Fbr in s ta n c e ,  i t  was d e s ir e d  to  see  w hether m ulching has 
th e  same a f f e c t  on th e  d i f f e r e n t  k in d s  o f  p la n ts .  Such a  com parison was 
made o f  th e  two chrysanthemum c lo n es  and a n o th e r  o f  th e  two woody sh rubs. 
With such a  d esig n  i t  was p o s s ib le  to  i n t e r p r e t  th e  r e s u l t s  i n  more 
d e t a i l  where in te r a c t io n s  were s i g n i f i c a n t  th an  cou ld  have been done by 
c o n s id e rin g  main e f f e c t s  o n ly .

17 A ty p ic a l  a n a ly s is  o f  v a r ia n c e  ta b le  o f  mean squares and 
H .sher (F) r a t i o s ,  t h a t  f o r  f o l i a r  n i tro g e n  in  th e  chrysanthemum p la n ts ,  
i s  p re se n te d  i n  Appendix Table 1.

10 The c ap tio n  o f  each se g re g a te d  two-way t a b l e  i s  an ab rid g ed  
v e rs io n  o f  th e  c a p tio n  o f  th e  a p p ro p r ia te  m aster two-way ta b le  (se e  
fo o tn o te  1 9 ) from which th e  d a ta  i n  th e  seg reg a ted  two-way ta b le  a r e  
d e riv ed .
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t h a t  were se g reg a ted  from  a  s o - c a l le d  m aster two-way ta b le .  ^  Wienever 

e i t h e r  d a ta  o r  tre a tm e n t e f f e c t s  a r e  d iscu ssed  a s  be ing  e i t h e r  th e  same 

o r  d i f f e r e n t  i t  means t h a t  th a t  r e la t io n s h ip  i s  s t a t i s t i c a l l y  s i g n i f i 

c a n t a t  th e  le v e l  o f  5 p e rc e n t o r  b e t t e r .  Khere d a ta  a r e  d e sc r ib e d  a s  

" tre n d in g "  i n  a  c e r ta in  d i r e c t io n ,  i t  means t h a t  t h e i r  m agnitude o f  

d if f e re n c e  i s  n o t g r e a t  enough to  be  s ig n i f ic a n t  a t  th e  p e rc e n t le v e l ,  

b u t t h a t  i t  m ight be s ig n i f i c a n t  a t  a  p e rcen tag e  v a lu e  g r e a te r  th a n  

t h a t .

Q ita  o f  th e  o v e r a l l  r e s u l t s  w ith in  m ost s u b je c t  c a te g o r i e s  
a r e  p r e s e n te d  i n  r e s p e c t iv e  s o - c a l l e d  m a ste r  tw o-w ay t a b l e s  o f  t h e  
A ppendix . These d a ta  c o n s i s t  o f  t h e  t re a tm e n t  o r  m ain e f f e c t  m eans 
a lo n g  w ith  v a r io u s  s u b to t a l  m eans. They a p p ly  t o  t h e  v a r io u s  f a c t o r s  
in v o lv e d  i n  th e  e x p e r im e n t, f b r  exam ple , in  t h e  n u t r i e n t  e lem en t 
c o m p o s itio n  c a te g o r ie s  f o r  th e  two woody s h ru b s , th e  d a ta  f o r  e a c h  a r e  
f o r  a  3  i  3  x  2  i  3 f a c t o r i a l  d e s ig n ,  meaning 3  l e v e l s  each  o f  f a c t o r s  
A (mulch), B ( f e r t i l i z e r ) ,  an d  D (sa m p lin g  d a te )  a n d  2 l e v e l s  o f  
f a c t o r  C ( p la n t )  a s  i l l u s t r a t e d  i n  A ppendix T ab le  9*

Each datum i s  i d e n t i f i e d  i n  th e  m aster two-way ta b le s  b y  a  
s u p e r s c r ip t  o f  some o r  a l l  o f  th e  l e t t e r s  a ,  b ,  c ,  and d . A datum w ith  
a  s u p e r s c r ip t  o f  a l l  fo u r  l e t t e r s —abed—i s  a mean o f  s ix  o b se rv a tio n s . 
T hat i s ,  i t  i s  a  mean o f  s ix  r e p l i c a t io n s  o r one o b se rv a tio n  from  each 
o f  th e  s ix  b lo ck s  i n  th e  la y o u t o f  th e  experim en t. A datum w ith  a  
s u p e r s c r ip t  o f  few er th a n  fo u r  o f  th e s e  l e t t e r s  i s  a  mean o f th e  p ro d u c t 
o f  s ix  r e p l i c a t io n s  m u lt ip l ie d  s u c c e s s iv e ly  by th e  number o f  l e v e l s  o f 
each f a c to r  n o t shown a s  a  s u p e r s c r ip t .  Fbr exam ple, a  datum w ith  a  
s u p e r s c r ip t  o f  "cd" i s  a  mean o f  th e  p ro d u ct o f  s i x  r e p l ic a t io n s  x  th re e  
l e v e ls  o f  f a c to r  A x  th r e e  le v e ls  o f  f a c to r  B o r  o b se rv a tio n s . The 
d a ta  f o r  th e  tre a tm e n t o r  main e f f e c t s  o f  a  p a r t i c u l a r  f a c to r  have a  
common s i n g l e - l e t  t e r  s u p e r s c r ip t ;  th o se  fo r  f a c to r  A an  "a" s u p e r s c r ip t ,  
and so f o r th .

Accompanying m ost o f  th e  m a s te r  two-way t a b l e s  i s  a  t a b l e  o f  th e  
l e a s t  s ig n i f ic a n t  d if f e re n c e s  (LSD) f o r  th e  d a ta  o f  t h a t  m aste r two-way 
t a b l e .  To f in d  th e  LSD betw een any  two d a ta  hav in g  a  common s u p e r s c r ip t ,  
r e f e r  to  t h a t  s u p e r s c r ip t  i n  th e  f i r s t  o r  Item co lu m n  o f  th e  LSD ta b le  
and choose th e  a p p ro p r ia te  datum w ith in  one o f  th e  one o r more row s 
p e r ta in in g  to  t h a t  s u p e r s c r ip t .



RESULTS AND DISCISSION

A g e n e ra l d isc u ss io n  o f th e  a n a ly se s  o f v a ria n c e  F - r a t io s  f o r  

th e  v a rio u s  s o i l  and p la n t  p r o p e r t ie s  w i l l  p receed  p re s e n ta t io n s  o f  th e  

r e s u l t s  and d is c u s s io n  in  each o f  th e  s e v e ra l  su b d iv is io n s  o f  any Major 

s u b je c t  c a teg o ry  th a t  fo llo w s .

S o i l  P ro p e r t ie s  

The s ig n i f ic a n t  F - r a t io s  o f T able  8 in d ic a te  t h a t  th e  mulch 

f a c t o r  had an im p o rta n t in f lu e n c e  on a l l  p r o p e r t ie s  o f th e  s o i l  t h a t  

w ere s tu d ie d  e x ce p t n i t r a t e  n i t ro g e n ;  th e  f e r t i l i z e r  f a c to r  on ly  on 

exchangeable p o tassiu m .

TABLE 8.-*-S ig n if ic a n c e  of th e  r e la t io n s h ip  betw een th e  v a r ia t io n  o f  
s e v e r a l  s o i l  p r o p e r t ie s  and m ulch, f e r t i l i z e r  n i t ro g e n , and s a i l i n g  
d a te  f a c to r s  ( F - r a t io s  a re  c a lc u la te d  from d a ta  o f  Appendix Table 2 )1

F a c to r  
F a c to r  code

F - r a t io  f o r  th e  in d ic a te d  s o i l  p ro p e r ty
Teiqperature M oisture R eac tio n O rganic m a tte r

Mulch A 118.88** 1*1.13** lh .0 3 * * 3 .97*
F e r t i l i z e r  B < 1 1.52 1 .82 * 1
Sam pling d a te  C 7U2U.7U**

F a c to r  F - r a t io  f o r  th e  in d ic a te d  s o i l  p ro p e r ty
F a c to r code N it r a te T o ta l

n itro g e n n itro g e n Phosphorus P o tassium
Mulch A 2.1*5 23 .08** 1 0 .89**  9 .7 3 * *
F e r t i l i z e r B 1 .9 6 < 1 < 1  3 .5 3 *

1 Symbols *  and ** in d ic a te  s ig n if ic a n c e  a t  the  5 - and 1 -p e rc e n t 
l e v e l s  re sp e c tiv e ly *
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Only te iq p e ra tu re  was M easured a t  d i f f e r e n t  d a te s  an d , a s  

e x p e c te d , th e  s a i l i n g  d a te  f a c t o r ,  com pared w ith  th e  m ulch and  f e r 

t i l i z e r  f a c t o r s ,  w as by  f a r  th e  m ost s i g n i f i c a n t  f o r  i t *  Even s o ,  th e  

g r e a t e s t  in f lu e n c e  o f  th e  m ulch f a c t o r  was on th e  te m p e ra tu re ,  t o o ,  

fo llo w e d  in  o rd e r  b y  m o is tu re , t o t a l  n i t r o g e n ,  a v a i l a b le  p h o sp h o ru s , 

a v a i l a b l e  p o ta s s iu m , and o rg a n ic  m a tte r*

Tem perature

On March 21 , 1961, th e  s o i l  tem pera tu re  under e i t h e r  o f  th e  

mulches was about one degree warmer than  w ith o u t mulch (50° vs* L9° F)*

C onverse ly , the  mulched s o i l  was c o o le r  hy  abou t two deg rees on May 27,

1961 (61*° vs* 66° F ) ,  and by a b o u t n in e  deg rees on August 12, i 960

(7U° vs* 830 F ) , a s  shown in  T ab le  9*

Even though th e re  were m inor d if fe re n c e s  in  s o i l  te m p e ra tu re , 

th e  p a t t e r n  f o r  th e  d i f f e r e n t  re c o rd in g  d a te s  was as fo llo w s: c o ld e s t

in  M arch, warmer in  May, and w arm est in  A ugust, w hether mulched o r  not*

TABLE 9*—E ffe c t  o f  mulches on s o i l  tem pera tu re  on a  f a l l ,  a  w in te r ,  
and a  s p r in g  day (D ata  a re  th o se  w ith  an wac" s u p e r s c r ip t  o f  Appendix 

Table 3 ; LSD v a lu es a re  from  Appendix T able 1*)

Mulch trea tm e n t
S o i l  tem p era tu re , deg rees F

8 /1 2 /6 0 , cx 3 /2 1 /6 1 , c 2 5 /2 7 /6 1 ,c3

No m ulch, a^ 83 £0 66
W oodshavings, &2 7U 51 6k
W oodchips, a^ 75 51 6U

ISD f o r  a l l  d a ta  ( ro u n d e d ) :  5?6, 1 ; 1$ , 1

The p a t te r n  o f th e s e  tem pera tu res c o in c id e s  w ith  th e  r e s u l t s  o b ta in e d  

by numerous o th e r  w orkers a s  rev iew ed e a r l i e r  (1 7 , 32, 38, U9)* In  

e sse n c e , the  in s u la t io n  p ro v id ed  by a  m ulch, whereby tem pera tu re  changes
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on th e  to p  s id e  o f  th e  m ilch  a re  tem pered on th e  bo ttom  s id e ,  i s  a  

p r in c ip a l  f e a tu re  o f  a  m ulching p ra c t ic e *

M oisture

The 1 6 -p e rc e n t m o is tu re  c o n te n t i n  the  top  3 - in c h  h o rizo n  o f  th e  

w oodshavings-and th e  woodehips-m ulched s o i l s  was a b o u t tw ice th e  amount 

found in  th e  unmulched s o i l  (T ab le  10)* The rea so n  f o r  t h i s  d i f f e r e n t i a l  

must be because e v ap o ra tio n  o f  m o is tu re  was much l e s s  f o r  the  mulched

s o i l  than  f o r  th e  unmulched s o i l  ( 32 , 77 )*

TABLE 10*—E f fe c t  o f  d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n i tro g e n  on
th e  amount o f  m o is tu re  in  a  Yolo f in e  sandy loam s o i l  app rox im ate ly  one

y e a r  a f t e r  tre a tm e n t a p p lic a t io n

Mulch trea tm e n t
S o i l  m o is tu re , p e rc e n ta g e , f o r  

f e r t i l i z e r  n i tro g e n
th e  in d ic a te d  
r a t e Mean

0 l b . ,  ^ 1 l b . ,  b2 2 l b . ,  b 3

No m ulch, a^ 9 .33 7.9$ 7.38 8 .22

Woods h a v in g s , a 2 16.18 lit .$ 8 18.07 16.28

W oodchips, a^ 17.87 15.38 16.27 16 .51

Mean lit.U 6 12 .6U 13.91

LSD fo r  th e  mean v a lu e s :  $%, 2 ,2 3 ; 1%* 2 .9 5

The s l i g h t l y  slow er sp rin g tim e  tem p era tu re  in c re a s e  o f  th e

mulched s o i l  (T ab le  9 ) ,  compared w ith  th e  unmulched s o i l ,  was p ro b ab ly  

due in  p a r t  to  th e  g r e a te r  amount o f  m o is tu re  i n  th e  form er s o i l*  For 

t h i s  re a so n , the  g r e a te r  amount o f  m o is tu re  in  th e  mulched s o i l  may n o t  

always have been a  b e n e f it*



Chem ical Com position 

The chem ical com position  o f  th e  Yolo f in e  sandy loam s o i l  on 

Septem ber 11 , 1961, 26 months ( h e r e in a f te r  in d ic a te d  as two y e a rs )  

a f t e r  m u lc h -a p p lic a tio n , a s  a f f e c te d  toy th e  m u lc h / f e r t i l i z e r  n i tro g e n  

tre a tm e n ts , i s  d isc u sse d  below f o r  each o f  s e v e ra l  p ro p e r t ie s *

R eac tio n

W ith e i t h e r  mulch, th e  s o i l  pH was no l e s s  two y e a rs  l a t e r  th a n  

a t  th e  tim e o f  tre a tm e n t a p p lic a tio n *  W ithout m ulch, however, th e  

s o i l  pH was h ig h e r ( l e s s  a c id )  th a n  a t  th e  beginn ing*  These d if fe re n c e s  

may be seen by  comparing th e  d a ta  o f  T ables 5 and 11*

The h ig h e r  pH v a lu e  o f  th e  unmatched s o i l  two y e a rs  a f t e r  t r e a t 

ment a p p l ic a t io n  i s  a t t r ib u t e d  to  s o i l  m o is tu re  lo s s  by e v ap o ra tio n  r e 

s u l t in g  in  a c o n c e n tra tin g  o f so lu b le  s a l t s  i n  th e  su rfa c e  s o i l*  The 

mulched s o i l  w ould have been in s u la te d  a g a in s t  such m o is tu re  lo ss*

TABLE 11*—E f f e c t  o f  d i f f e r e n t i a l s  o f  mulch and f e r t i l i  z e r  n itro g e n  on 
th e  r e a c t io n  o f  a  Tolo f in e  sandy loam s o i l  two y e a rs  a f t e r  tre a tm e n t

a p p lic a t io n

Mulch tre a tm e n t

S o i l  r e a c t io n ,  pH, f o r  in d ic a te d  
f e r t i l i z e r  n i tro g e n  r a t e - Mflflti

0 lb * ,  b x 1  l b . ,  t>2 2 l b . ,  b 3

No mulch, a^ 7.2 7 .2 7 .1 7 .2

W oodshavings, 6 .9 6 .8 6 .6 6 .8
Wo ode h ip s ,  a.̂ 7 .0 7 .0 7 .0 7 .0

Mean 7 .0 7 .0 6 .9

LSD f o r  th e  mean values* 0*2; l £ ,  0*2
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The p reponderance o f l i t e r a t u r e  th a t  in d ic a te s  t h a t  mulching 

does n o t  cause a  perm anent d e c re a se  in  s o i l  pH (28,33* 35* U3, UU, U7, 

57, 6 0 ,  71, 75 ) sh o u ld  be q u a l i f i e d  in  l i g h t  o f  the  r e s u l t s  o f t h i s  

study* Even though th e  s o i l  pH may n o t  become le s s  in  th e  p resence  o f  a 

m ulch, in  a re a s  o f  l im i te d  r a i n f a l l ,  the p resen ce  of a  mulch nay r e t a r d  

a  b u ild u p  from  e v a p o ra tiv e  m o is tu re  lo s s  o f  b a s ic  compounds i n  th e  s u r 

face  s o i l .

O rganic m a tte r

Whereas th e  o rgan ic  m a tte r  in  the  unmulched s o i l  tre n d e d  low er 

from  i t s  va lue  a t  th e  beg inn ing  o f  th e  experim en t, a s  would be ex p ec ted , 

t h a t  i n  th e  voodshavings-m ulched s o i l  was no d i f f e r e n t  w h ile  in  th e  

woodchips-m ulched s o i l  was g r e a te r  (T ab les $ and  1 2 ) .

TABLE 1 2 .—E f fe c t  o f  d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n i tro g e n  on 
th e  o rg an ic  m a tte r  c o n te n t o f a  T olo  f in e  sandy loam s o i l  two y e a rs

a f t e r  t r e a tm e n t  a p p l ic a t io n

Mulch tre a tm e n t
S o i l  o rg an ic  m a tte r , p e rc e n ta g e , f o r  

in d ic a te d  f e r t i l i z e r  n i tro g e n  r a t e Mean
0  3 b ., bx 1  l b . ,  b2 2 l b . ,  b 3

No m ulch, a^ U.7 h .5 U.6 li.6
V oodshavings, a 2 U.5 lu 8 lj.8 lw7
W oodchips, a-j 5.2 5.0 5 .0 5 .1

Mean U.8 lt.8 li.8

LSD f o r  th e  mean values* $%, 0.1*; ljf 0 .5

A change in  th e  amount o f  o rgan ic  m a tte r  in  the  unmulched s o i l  

from  li.7  p e rc e n t a t  th e  beg inn ing  o f  th e  experim en t (T ab le  5) bo 1*,6 

p e rc e n t two y ea rs  l a t e r  (Table 12) c o n s t i tu te s  a  d ecrease  o f  from 

9l*,000 t o  9 2 ,0 0 0  pounds o r a  n e t  l o s s  o f 2000 pounds o f o rg an ic  

m a tte r  p e r  a c re  h a l f - f o o t  ( a c tu a l ly  about 6 2 /3  in ch es) o f  s o i l*
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S in d la r i l y ,  fo r  woodshavings th e re  was no a p p a re n t change in  o rg an ic  

m a tte r  b u t  f o r  woodchips th e  change was from  lw 7 to  $ .1  p e rc e n t ,  a  

g a in  o f  8000 pounds o f  o rgan ic  m a tte r  p e r  ac re  h a l f - f o o t  o f s o i l*  This 

would be  a  g a in  o f a b o u t 2$ pounds o f  s o i l  o rg a n ic  m a tte r  p e r  p l o t ,  o r  

abou t 10 p e rc e n t o f  th e  270 pounds p e r  p lo t  o f woodchips o r ig in a l ly  

app lied *

The f a c t  t h a t  the  woodchips-m ulched s o i l  had th e  h ig h e s t  o rg an ic  

m a tte r  c o n te n t su g g e s ts  t h a t  th e  woodchips had undergone e x te n s iv e  de

com position  w ith in  th e  tw o-year p erio d *  T h is was a p p a re n t by v is u a l  

ex am in a tio n , too* A nother c h a r a c t e r i s t i c  o f  th e  woodchips-m ulched s o i l  

was t h a t  i t  was much l e s s  e a s i ly  b roken  a p a r t  than  th e  unmulched s o i l*

T h is m ust have been th e  r e s u l t  o f  cem enting a c t io n  o f  th e  r e s id u a l  o r 

gan ic  n a t t e r  th a t  had p e rc o la te d  in to  th e  s o i l*

I t  appeared  t h a t  th e  woods hav ings mulch had c o n ta c te d  in  volume 

c o n s id e ra b ly  b u t  had undergone f a r  l e s s  decom position  than  th e  woodchips 

mulch* None o f th e  c h a r a c t e r i s t i c s  o f  th e  woodchips-m ulched s o i l  was 

o bserved  f o r  the  woodshavings-m ulched so il*

A pparen tly  th e  su c c u le n t f o l i a r  p o r t io n  o f th e  woodchips mulch 

accounted  fo r  th e  f a s t e r  decom position  o f  t h a t  mulch ( 17) and th e  In 

h e re n t ly  r e s i s t a n t  n a tu re  o f  th e  d o u g la s - f i r  woodshavings mulch ( 4 , 11 ,

140 p red isp o sed  i t  to  a  slow er r a t e  o f  decom position*

N i t r a te  n itro g e n

The e f f e c t s  o f  d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n i tro g e n  on 

s o i l  n i t r a t e  n itro g e n  were in c o n c lu s iv e  s in c e  th e  a n a ly s is  o f  v a rian ce  f o r  

each o f  th e  two f a c to r s  was n o t s ig n i f ic a n t*  The r e l a t i v e l y  la rg e  LSD 

v a lu es  f o r  th e  d a ta  in d ic a te  wide v a r ia t io n  in  th e  raw data*  Such was 

th e  ca se  w ith  one o f  th e  d a ta  o f  T able  13j s ix  v a lu e s  over w hich i t  i s  

an averaged  rangedbetw een ii.8  and 59*2*
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TABLE 13*—E f f e c t  of d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n i t ro g e n  on 
th e  amount o f  n i t r a t e  n i t ro g e n  of a  Tolo f in e  sandy loam s o i l  two y e a rs

a f t e r  tre a tm e n t a p p lic a t io n

Mulch tre a tm e n t
S o i l  n i t r a t e  n i t r o g e n ,  ppm, f o r  in d ic a te d  

f e r t i l i z e r  n itro g e n  r a t e Mean
0 l b . ,  b1 1  l b . ,  b2 2 lb * ,  b^

No mulch, a ^ 30*1 1 2 . 1* 1 0 . 1* 17.7
W oodshavings, a 2 10 . 1* 1 6 .1 1 9 .5 13.9
W oodchips, a^ 1 6 .3 2 1 .1 19 .3 18.9

Mean 1 9 .0 16*5 15 .1

LSD f o r  the mean v a lu e s : 5%, 7.U; 1*, 7 .8

R eg ard less  of th e  la c k  o f s ig n if ic a n c e  f o r  any d if f e r e n c e s  in  

th e  d a ta , i t s  im p o rtan t to  no te  t h a t  a f t e r  two y e a rs  th e  c o n c e n tra tio n  

o f  n i t r a t e  n i t ro g e n  was s t i l l  about th e  same as a t  the  beg inn ing  o f  th e  

experim ent (T ab le s  5 and 13)# In  s tu d y in g  the  im m o b iliza tio n  ( a ls o  

term ed demine r a l i  s a t  io n ) o f  m in e ra liz e d  (a ls o  term ed a v a i la b le )  n i tro g e n  

d u rin g  th e  decom position  o f  oak and p in e  ch ip  m ulches, Salomon ( 6 0 ) 

l ik e w ise  found l i t t l e  d if f e r e n c e  two y e a rs  a f t e r  a p p lic a t io n  in  the 

amount o f m in e ra liz e d  n i tro g e n  o f th e  s o i l  between e i th e r  mulch o r  be

tween e i th e r  o f  th e  m ulches and the  check*

Had a  n i t r a t e  n i tro g e n  a n a ly s is  been made in  t h i s  experim en t 

w ith in  the f i r s t  y ear a f t e r  mulch a p p l ic a t io n ,  th e  r e s u l t s  m ight a ls o  

have co in c id e d  w ith  those  o b ta in ed  by  Salomon* He found th a t  d u rin g  

- th e  f i r s t  90 -day  p e rio d  th e  demands f o r  m in e ra lize d  n itro g e n  were abou t 

tw ice  as g r e a t  w ith  the  oak ch ip s a s  w ith  the p in e  ch ips*  D uring th e  

second 90-day p e r io d , th e  demand f o r  m in e ra liz e d  n itro g e n  was th e  same 

f o r  b o th  k in d s  o f  c h ip s , in d ic a t in g  by  then  an a c c e le ra te d  decomposi

t i o n  o f the  p in e  chips*
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T o ta l n i tro g e n

S ince  th e  d a ta  o f  Table lU f o r  t o t a l  n i tro g e n  o f  th e  s o i l  do 

n o t  d i f f e r  between f e r t i l i z e r  tr e a tm e n ts ,  i t  i s  in f e r r e d  th a t  two y e a rs  

a f t e r  a p p l ic a t io n  none o f  th e  f e r t i l i z e r  n i tro g e n  re n a in e d  i n  any o f 

th e  mulched o r  unmulched s o i l .  I t s  lo s s  would have o ccu rred  from  1) 

le a c h in g , 2 ) escape  o f  gaseous form s in to  th e  a tm osphere, 3 ) u t i l i z a t i o n  

anew in  th e  growth o f  h ig h e r p l a n t s ,  and it) e ro s io n  o f  th e  s o i l ,

TABIE l i t , —E f f e c t  o f d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n i tro g e n  on 
th e  amount o f  t o t a l  n i tro g e n  o f  a  Yolo f in e  sandy loam s o i l  two y e a rs

a f t e r  tre a tm e n t a p p lic a t io n

T o ta l n i t ro g e n , p e rc e n ta g e , f o r  i n d i -  
Mulch tre a tm e n t c a te d  f e r t i l i z e r  n i tro g e n  r a t e  Mean

0 l b , ,  b 1  1  l b , ,  b2 2 l b . ,  b 3

No mulch, a-L .081* .079 .081 .081
W oodshavings, ag ,081i .082 .085  ,081t
W oodchips, a^ .097 .098 .097 .097

Mean .088 .086  .088

LSD f o r  th e  mean v a lu e s : 5%* ,005} 1%, .007

W ith in  th e  tw o-year p e r io d  th e re  was a ls o  a  lo s s  o f t o t a l  n i t r o 

gen from  th e  unmxlched s o i l ,  r e g a rd le s s  o f f e r t i l i z e r  t r e a tm e n t.  That 

i s ,  to  s t a r t  w ith , th e  t o t a l  n i tro g e n  value o f th e  s o i l  was .096  p e r 

c e n t  (T able 5 ) ;  a t  the  end o f th e  two y ea rs  i t  was .081 (T able  l i t ) .

Much o f  t h i s  lo s s  must have fo llo w ed  f u r th e r  decom position  o f  t h a t  

o rgan ic  m a tte r  a lre a d y  in  th e  s o i l  a t  th e  s t a r t  o f  th e  ex p erim en t.

The lo s s  o f t o t a l  n i tro g e n  was r e l a t i v e l y  th e  same in  th e  wood- 

shavings-m ulched s o i l  as i n  th e  unmulched s o i l ,  a t  l e a s t  th e  mean v a l

u e s , when averaged  a c ro ss  a l l  th re e  f e r t i l i z e r  l e v e l s ,  were n o t  s ig 

n i f i c a n t l y  d i f f e r e n t .  These d a ta  do n o t r e v e a l  to  what g r e a te r  e x te n t
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n itro g e n  o f th e  woodshavings-m ulched s o i l  compared w ith  t h a t  o f th e  un

mulched s o i l ,  was im m obilized by  m ic ro b ia l p r o l i f e r a t io n *  The e x te n t  o f  

such im m o b iliza tio n  w i l l  be a p p a ren t in  a l a t e r  s e c tio n  on f o l i a r  n i t r o 

gen in  th e  in d ic a to r  p la n ts *

W ith th e  woodchips tre a tm e n t, th e  t o t a l  amount o f  n i tro g e n  was 

th e  same two y e a rs  l a t e r  a s  a t  the  beg inn ing  o f th e  study* C onsequently , 

any n itro g e n  t h a t  m ight have been l o s t  th ro u g h  the  th re e  p ro c e sse s  de

sc r ib e d  above must have been re p le n ish e d  th rough  the m in e ra l iz a tio n  o f  

th e  o rgan ic  n i tro g e n  o f th e  woodchips mulch and th e  subsequen t movement 

o f  t h a t  n i t ro g e n  downward from  th e  mulch in to  th e  upper p o r t io n  o f  th e  

s o i l  p r o f i le *

The d a ta  fo r  t o t a l  n i tro g e n  co rrespond  w ith  th o se  f o r  o rgan ic  

m a tte r ; in  th e  unmulched s o i l  o rg an ic  m a tte r  was the  lo w e s t and so was 

t o t a l  n itro g e n *  They were h ig h e s t  in  th e  woodchips-m ulched s o i l .  The 

rea so n  f o r  th e  l a t t e r  has a lre a d y  been s t a t e d  b u t  in  summary i t  i s  t h a t  

th e  decom position p ro c e sse s  had p ro g resse d  to  th e  s ta g e  where b o th  o r

g an ic  m a tte r  and n itro g e n  were be ing  r e le a s e d  in to  the  s o i l*

A v a ilab le  phosphorus

Comparing the  d a ta  o f T ables $ and 15* i t  i s  seen  t h a t  the  a -  

mount o f  a v a i la b le  phosphorus in  th e  unmulched s o i l  rem ained the  same 

between th e  beg inn ing  o f th e  experim ent and th e  n e x t sam pling d a te  more 

th a n  two y e a rs  l a t e r ;  in  th e  woodshavings-m ulched s o i l  i t  became l e s s  

and in  th e  woodchips-m ulched s o i l  i t  became m ore.
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TABLE 15*—E f fe c t  o f d i f f e r e n t i a l s  o f Mulch and f e r t i l i z e r  n i tro g e n  on 
the  amount o f  sodium b ic a rb o n a te  e x tr a c ta b le  phosphorus o f  a  Tolo f in e  

sandy loam s o i l  two y ea rs  a f t e r  tre a tm e n t a p p lic a t io n

Mulch tre a tm e n t
E x tra c  ta b le  phosphorus, ppm, f o r  in d i 

c a te d  f e r t i l i z e r  n i tro g e n  r a t e Mean
0  l b . ,  bx 1  l b . ,  b2 2 l b . ,  b3

No m ulch, a^ 31.1* 3U.7 30 .1 3 2 .1
W oodshavings, a2 27 .7 2 7 .0 25 .1 26 .6
Woodchips, 1*1 .2 32 .3 3 6 .? 36.7

Mean 33.1* 31 .3 3 0 .6

LSD f o r  the mean values : 5%, 1*.58; 1*, 6 .0 6

W ith th is  n u t r i e n t ,  le a c h in g  i s  no problem  which i s  p ro b ab ly  an 

im p o rtan t reaso n  f o r  th e  amount in  th e  unmulched s o i l  rem ain ing  c o n s ta n t .  

The phosphorus p a t te r n  f o r  th e  woodchips-m ulched s o i l  was c o n s is te n t  w ith  

t h a t  o r d in a r i ly  re p o r te d  (1 8 , 26, ?7 , 71, 80, 8 2 ) . This in c re a s e  In  

phosphorus over the  amount found in  th e  s o i l  a t  th e  beginning  o f the  

study  would have r e s u l te d  from a t  l e a s t  two th in g s .  One, r e le a s e  o f  

phosphorus from  decom position  o f  th e  w oodchips. Two, fo rm atio n  o f o r 

ganic a c id s  thus cau sin g  th e  r e le a s e  o f  phosphorus from in s o lu b le  c a l 

cium, aluminum, and i r o n  p h o sp h a tes , c i t r i c  a c id  b e in g  one o f th e  most 

e f f e c t i v e .

Why th e re  was n o t  a ls o  more a v a i la b le  phosphorus in  th e  wood

shavings-m ulched s o i l  must have been  because th e  dec on-position o f  t h a t  

mulch was a t  a  s tag e  where p ro p o r t io n a te ly  more so lu b le  phosphorus was 

being  im m obilized or a p p ro p r ia te d  by th e  m icroorganism s th an  was be ing  

r e le a s e d . The amount o f  phosphorus in  decom position  b a c te r ia  i s  known 

to  exceed k p e rc e n t by  d ry  w eight (79)*  On th e  same b a s i s ,  th e  wood

shavings co n ta in e d  o n ly  ab o u t 0 .02  p e rc e n t o r 20 tim es l e s s .  Conse

q u e n tly , du ring  i n i t i a l  decom position  o f  t h i s  m a te r ia l ,  im m o b iliza tio n
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o f  so lu b le  phosphorus cou ld  have been s u b s ta n t i a l .  A pparently*  th e  

decom position  p a t t e r n  o f th e  woodchips was a lre a d y  beyond such a s ta g e*  

To th e  e x te n t  t h a t  so d iu m -b ic a rb o n a te -e x tra c ta b le  phosphorus i s  

an in d ic a to r  o f  th e  amount o f  a v a i la b le  phosphorus* th e  r e s u l t s  o f  th e se  

s o i l  an a ly se s  show i t  to  have been l e a s t  a v a i la b le  i n  th e  w oodshavings- 

mulched s o i l*  in te rm e d ia te ly  a v a i la b le  i n  th e  unmulched s o i l*  and m ost 

a v a i la b le  in  th e  woodchips-m ulched s o i l .  How these  v a lu e s  r e l a t e  to  th e  

amount o f phosphorus i n  th e  in d ic a to r  p la n t s  w i l l  be p re s e n te d  l a t e r .

A v a ila b le  p o tassium

In  th e  tw o-year p e r io d  from tre a tm e n t to  f i n a l  s o i l  sam pling , 

th e  amount o f  a v a i la b le  po tassium  rem ained unchanged i n  th e  w oodchips- 

m ulched s o i l  and became l e s s ,  o f  com parable magnitude* in  th e  unmulched 

and th e  woodshavings-m ulched s o i l s  (T ab le s  5 and 1 6 ) , The reason  f o r  

th e  a lm ost 15 p e rc e n t  l e s s  a v a i la b le  p o tassiu m  in  the  s o i l  o f  th e  l a t t e r  

two tre a tm e n ts  i s  n o t  a p p a re n t . S ince th e  l i t e r a t u r e  t h a t  was rev iew ed  

a lm o s t unanim ously in d ic a te s  an in c re a s e  i n  t h i s  n u t r i e n t  w ith  mulch* 

even the  la c k  o f  an in c re a s e  p e r  se in  th e  woodchips-m ulched s o i l  

su g g e s ts  t h a t  a v a i la b le  po tassium  was d e p le te d  in  some m anner. But* 

u n lik e  th e  s o i l  o f  th e  no-m ulch and th e  woodshavings trea tm en ts*  i t  

ap p ea rs  t h a t  th e  a v a ila b le  p o tassiu m  o f  th e  woodchips-m ulched s o i l  

was be ing  re p le n is h e d  th rough  th e  decon$>osition p ro c e s s .

Like n i tro g e n  and phosphorus, a  v e ry  la rg e  p ro p o r tio n  of p o ta s 

sium  in  the  s o i l  i s  in s o lu b le  and u n a v a ila b le  to  h ig h e r  p la n ts  (17* 

p ,  U52), C om petition  by m icroorganism s f o r  th i s  e lem en t a f f e c t s  I t s  

a v a i l a b i l i t y  to  h ig h er p l a n t s .  Presumably* i t  i s  f o r  t h a t  reason  t h a t  

th e  po tassium  c o n te n t o f  th e  woodshavings-m ulched s o i l  was v i r t u a l l y  

th e  same as in  th e  unmulched s o i l ,  th a t  i s  th e  decom position  m icro
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organ  i s  ib s  o f  the  woodshavings were ty in g  up some o f  th e  p o tass iu m  th e re 

i n ,  In  c o n t r a s t ,  w ith  th e  woodchips having been  f u r th e r  decomposed, th e  

demands o f th e  m icroorganism s in  t h a t  s o i l  were eb b in g . C onsequently , 

p ro p o r t io n a te ly  more was being  re le a s e d  as an a v a i la b le  form  than  was 

being  a p p ro p r ia te d  by th e  m icroorganism s •

TABLE 1 6 ,—E f fe c t  o f  d i f f e r e n t i a l s  o f  mulch and f e r t i l i z e r  n itro g e n  on 
th e  amount o f a v a i la b le  po tassium  o f a  Tolo f in e  sandy loam s o i l  two

y e a rs  a f t e r  t re a tm e n t a p p lic a t io n

Mulch trea tm e n t
A v a ila b le  p o tass iu m , ppm, f o r  in d ic a te d  

f e r t i l i z e r  n i tro g e n  r a t e Mean

0 l b , ,  b x 1 l b , ,  b2 2 l b , ,  b 3

No mulch, 382 1:18 368 389
W oodshavings, a^ 1:38 378 379 398

W oodchips, a^ 1:90 1:58 U27 1:58

Mean U37 UlB 391

LSD f o r  th e  mean v a lu e s : ££, 36 ; 1%, U8

P la n t  P ro p e r t ie s  

The o b je c tiv e  o f  t h i s  p a r t  o f the  s tu d y  was to  determ ine how 

v a rio u s  a sp e c ts  o f  p l a n t  com position  and developm ent would be a f f e c te d  

under th e  c o n d itio n s  o f  th e  ex p erim en t. F u r th e r , i t  was aim ed a t  

a s s e s s in g  th e se  e f f e c t s  on the  two c lo s e ly  r e l a t e d  herbaceous p la n ts  — 

the  chrysanthemum c lo n e s  — and on th e  two d i s s im i la r  woody everg reen  

sh rubs — the  F e l jo a  and L igustrum , The r e s u l t s  and the  in te r p r e ta t io n
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o f  each  o f s e v e r a l  growth c h a r a c t e r i s t i c s  and n u t r i e n t  e lem ents o f  th e
2oIn d ic a to r  p la n t s  a re  d isc u sse d  in  the  s e c t io n s  th a t  fo llow *

N u tr ie n t E lem ent Com position o f  
th e  In d ic a to r  P la n ts

The e f f e c t s  o f th e  m l c h / f e r t i l i z e r  f a c t o r i a l  t re a tm e n ts  on th e

n u t r ie n t  e lem en t com position  o f  th e  two chrysanthemum c lo n e s  on two

sam pling d a te s  i n  i 960 and o f  th e  two woody shrubs on th re e  sam pling

d a te s  betw een O ctober 5 , I9 6 0 , and Ju ly  21, 1961, were determ ined  f o r

each o f seven n u t r ie n t  e lem en ts , namely: n i t ro g e n , phosphorus, p o tassiu m ,

sodium , calcium, magnesium, and manganese* The a n a ly se s  o f  v a ria n c e

mean squares f o r  th e  raw d a ta  o f  each a re  shown in  Appendix T ab les 5

6* F - r a t io s  f o r  th e  fo u r f a c to r s  in f lu e n c in g  th e  c o n c e n tra tio n  o f  th e se

n u t r ie n ts  a re  shown in  T able 17 f o r  th e  two chrysanthemum c lo n es  and in

T able 18 f o r  th e  two woody shrubs*

As f o r  th e  chrysanthemum c lo n e s , th e  s ig n i f i c a n t  F - r a t i o s  o f

T able 17 in d ic a te  th a t  the  mulch f a c to r  had  an i  s p o r t  a n t  e f f e c t  on th e

f o l i a r  c o n c e n tra tio n  o f a l l  o f  th e  n u t r i e n t  e lem ents s tu d ie d  e x ce p t

sodium; th e  f e r t i l i z e r  f a c to r  on n i tro g e n ,  po tassiu m , and manganese

o n ly . By f a r  th e  l a r g e s t  and m ost s i g n i f i c a n t  e f f e c t  on each of th e

seven n u t r i e n t  e lem ents was th e  d a te  th a t  th e  sa irp les were c o l le c te d

th roughou t th e  y e a r .  I t  i s  o f  i n t e r e s t  t h a t  the  p la n t  f a c to r  had n e x t

to  the  l a r g e s t  and s ig n i f i c a n t  in f lu e n c e  on the  f o l i a r  c o n c e n tra tio n  o f

n i tro g e n , p o ta ss iu m , sodium, and manganese* Phosphorus, ca lc ium , and

20 Some o f the  main e f f e c t s  d a ta  o f  the  growth measurements and 
f o l i a r  n u t r i e n t  com position  o f  th e  in d ic a to r  p la n ts  a re  com posited  in  
Appendix T ab les hZ th rough  U6, These g iv e  an o v e ra l l  view o f  th e  
m u lt i - e f f e c ts  o f  th e  m u lc h / f e r t i l i z e r  tre a tm e n ts  on th e  d i f f e r e n t  p l a n t s .  
P re se n te d  in  Appendix Table U7 i s  a c o n p o s ite  schem atic  a n a ly s is  o f  
th e  g e n e ra l change in  th e  c o n c e n tra tio n  o f  the  f o l i a r  phosphorus, p o ta s 
sium , sodium, calc ium , magnesium, and manganese a s  th e  c o n c e n tra tio n  
o f  f o l i a r  n i tro g e n  d im in ished  in  each o f  th e  fo u r  in d ic a to r  p la n ts *



TABLE 17*—S ig n ifican ce  o f the  r e la t io n s h ip  between th e  v a r ia tio n  o f the  f o l i a r  c o n cen tra tio n  o f each of 
s e v e ra l n u t r ie n t  elem ents of the chrysanthemum p la n ts  and the  mulch, f e r t i l i z e r ,  p la n t ,  and sam pling da te

fa c to r s

F acto r
F - ra t io

F ac to r code N P K Na Ca Mg Hn F
.95

F
.99

C u ltu ra l trea tm en t 
Mulch A 36,08** 31,26** 10,27** < 1 70.90** 10iuli2** 3* S3* 3.23 5.18
F e r t i l i z e r B 16.13** <1 5.33** 1.81* < 1  <1 5.82** 3.23 5.18

P la n t C 86.17 5*8 9* 300.77** 50.19** 3 . 25* 2 .16 20.U1** iu 06 7.26
Sampling date D UU+.31** U53.U7** 92U.33** 561.76** 752.00** 23i>.Uli** 135.83** 3.95 6 .93

^ F - ra t io s  a re  c a lc u la te d  from th e  d a ta  o f Appendix Table 5
p

Symbols *  and ** in d ic a te  s ig n if ic a n c e  a t  the 5 and 1 p e rc e n t le v e ls ,  re s p e c tiv e ly
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magnesium were n o t o r  on ly  m inu te ly  in f lu e n c e d  by th e  k in d  o f  p la n t*

For th o se  th re e  n u t r i e n t  e lem en ts, th e  n e x t to  th e  l a r g e s t  and s i g n i f i 

can t in f lu e n c e ,  a f t e r  s a i l i n g  d a te ,  was mulch.

C onsidering  th e  d a ta  o f T able 18 f o r  th e  two woody sh ru b s , th e  

mulch f a c t o r  had an iim portant in f lu e n c e  on a l l  n u t r i e n t  e lem ents In  th e se  

two p l a n t s ;  manganese a t  th e  ^ -p e rc e n t l e v e l  and th e  o th e r s  a t  th e  1 -p e r 

c e n t l e v e l .  The f e r t i l i z e r  f a c to r  in f lu e n c e d  th e  f o l i a r  c o n c e n tra tio n  o f  

p o tassiu m , n i tro g e n , phosphorus, magnesium, and calc ium  in  th e  o rd e r  

g iv en . I t  had no in f lu e n c e  on th e  sodium o r  th e  m anganese. As w ith  th e  

r e la t io n s h ip s  o f th e  n u t r i e n t  e lem ents in  th e  chrysanthemum p l a n t s ,  th e  

sa n p lin g  d a te  f a c to r  had by f a r  th e  l a r g e s t  and u s u a l ly  th e  most s i g n i f i 

c a n t in f lu e n c e  on th e  f o l i a r  c o n c e n tra tio n  o f a l l  o f th e  n u t r i e n t  e le 

ments w ith  th e  e x cep tio n  of phosphorus. There was no s ig n if ic a n c e  f o r  

t h a t  e le m e n t. The p l a n t  f a c to r  in f lu e n c e d  th e  f o l i a r  c o n c e n tra tio n  f o r  

sodium, n i tro g e n , and po tassium  a t  th e  1 -p e rc e n t l e v e l ;  f o r  manganese, 

calc ium , and magnesium a t  th e  ^ -p e rc e n t l e v e l ,  b u t  d id  n o t  f o r  phospho rus.

The mulch and f e r t i l i z e r  fad  to r s  in f lu e n c e d  th e  f o l i a r  p o tassiu m  

c o n c e n tra tio n  f a r  more than  they  d id  the  f o l i a r  n i tro g e n  c o n c e n tra tio n .

The e f f e c t s  o f  the  v a rio u s f a c to r s  on th e  f o l i a r  c o n c e n tra tio n  

of each  n u t r i e n t  e lem ent i s  p re se n te d  below .

F o l ia r  n i tro g e n

The d a ta  means f o r  the  e f f e c t s  o f  th e  m u lc h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  n i tro g e n  a re  p re s e n te d  in  Appendix T ab les 7 and 9 f o r  

the  chrysanthemum c lo n e s  and the  woody shrubs r e s p e c t iv e ly .

F o l ia r  n i tro g e n  o f th e  chrysanthemum c lo n es

Compared w ith  th e  no-m ulch tre a tm e n t, f o l i a r  n i tro g e n  o f th e  

'A rlora* c lone  was a b o u t 2$ p e rc e n t low er w ith  e i t h e r  mulch in  May. In



TABIE 1 8 .—S ig n ifican ce  o f  the re la t io n s h ip  between the v a r ia t io n  of th e  f o l i a r  co n cen tra tio n  of each o f 
se v e ra l n u t r ie n t  elem ents o f th e  F e lio a  and Ligustrum  p la n ts  and th e  milch* f e r t i l i s e r ,  p la n t ,  and sam

p l in g  d a te f a c to r s . l» 2

F ac to r F ac to r F - r a t io F F
code

N P K Na Ca Mg Mn
.95 .99

C u ltu ra l trea tm en t
Mulch A 91.66** 19.1*7** 301.76** 9 . 06** 11.81** 35.76** 3.1*5* 3.23 5.18
F e r t i l i z e r B 20.26** 7.02** 138.66** <1 5.23** 5.50** <1 3.23 5.18

P la n t C 93.9*** c l 12.12** 237.1*2** 5.21* 5.1*9* 6.07* 1*.06 7.26
Sanpling d a te D 175.96** <1 26$.72** 132.30** 23U.22** 23U.68** 50 . 21*** 3 .0 0 l* .6 l

^ F - r a t io s  are  c a lc u la te d  from the d a ta  o f  Appendix Table 6

2 Symbols *  and ** in d ic a te  s ig n if ic a n c e  a t  th e  $ and 1 p e rc en t le v e ls ,  re s p e c tiv e ly
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Ju ly  i t  was lower on ly  w ith  woodshavings* For th e  'C h ris  Columbus' 

c lone i t  was low er only w ith  woodshavings and th en  on ly  in  May* These 

d i f f e r e n t i a l s  a re  shown in  Table 19*

W hereas f o l i a r  n itro g e n  was th e  same f o r  a l l  f e r t i l i z e r  le v e ls  

fo r  th e  May sa n p lin g , when sampled in  Ju ly  th e re  was more o f  i t  w ith  in 

c re a sed  f e r t i l i z e r  (T ab le  2 0 ) . The d a ta  o f T able  19 a lso  shows th a t  th e  

a fo rem entioned  p a t te r n  was c o n s is te n t  fo r  a l l  th r e e  le v e ls  o f  m ulch, even 

though th e  magnitude o f  d if fe re n c e  betw een f e r t i l i z e r  le v e ls  was g r e a te s t  

f o r  w oodshavings. A p p a ren tly , some c o n d itio n  o f  th e  environm ent o th e r  

than n i tro g e n  supply  was th e  cause o f  th e  f o l i a r  n itro g e n  p a t t e r n  in  May, 

s in c e ,  f o r  th e  May sam pling , th e  f o l i a r  n itro g e n  was g e n e ra l ly  th e  same 

re g a rd le s s  o f  f e r t i l i z e r  r a t e s ,  w hereas fo r  th e  J u ly  sam pling i t  was 

co rre sp o n d in g ly  more w ith  h igher r a t e s  o f f e r t i l i z e r *

TABLE 19*—E ffe c t  o f  th e  mulch tre a tm e n ts  on th e  amount o f  f o l i a r  n i t r o 
gen o f each  o f  the  two chrysanthemum c lones on each  of th e  two san p lin g  
d a te s  (D ata  a re  those  w ith  an "acd" s u p e r s c r ip t  o f  Appendix; T able 7; LSD

values a re  from Appendix T able 8)

F o l i a r  n i tro g e n , p e rcen tag e  d ry  w eight b a s is

Mulch tr e a tm e n t  tA r lo ra l ,    1 C hris Columbus' ,  eg

5 /2 /6 0 , 7 /2 /6 0 , dg 5 /2 /6 0 , 7 /2 /6 0 ,

No mulch, a 1 U.02 U.31* 3 .Hi 3.72
W oodshavings, »2 2*65 li*02 2 ,67 3*68
Woodchips, a 3 3 .0 3  H.39 3 .00  3 .89

LSD: 556, 0.21* 1* , 0.28
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TABUS 2 0 .—E f f e c t  o f  th e  mulch tre a tm e n ts  and th e  f e r t i l i s e r  tre a tm e n ts  
on th e  amount o f  f o l i a r  n i tro g e n  o f  the  chrysanthemum c lo n e s  on each o f 
two sam pling d a te s  (D ata  a r e  those  w ith  an nabdn s u p e r s c r ip t  o f  Appendix 

Table 7; LSD v a lu es a re  from  Appendix Table 8)

Mulch
F o l ia r  n i tro g e n , p e rc en ta g e  d ry  w eigh t b a s i s ,  

f o r  th e  in d ic a te d  f e r t i l i z e r  r a t e
tre a tm e n t 0 l b . ,  bx 1 l b . ,  b2 2 l b . ,  b3

5/ 2/ 6 0 , 7 /2 /6 0 , 
*1 <*2

5 /2 /6 0 , 7 /2 /6 0 , 5 /2 /6 0 , 7 /2 /6 0 ,

No mulch, 3 .5 5  3 .86 3 .51  3 .97 3 .67  b .27
W oodshavings, ag 2 .62 3 .26 2 .78  3 .98 2.58  lu30
W oodchips, a^ 3 .1 0  3.82 2 .80  U.12 3.1U U.U7

ISD between b l e v e l s ;  0 ,2 6 ; 1$, 0.3U
LSD between d l e v e l s :  5%, 0 .3 0 ; 0 .3?

F o l ia r  n i tro g e n  of the  F e jjo a  and 
L igustrum  p la n ts

In  com parison w ith  no-m ulch, th e  f o l i a r  n i tro g e n  was c o n s is te n t ly  

low er in  b o th  p la n ts  on a l l  th re e  sam pling d a te s  w ith  woods h av in g s ; f o r  

the  woodchips-m ulched p la n t s  th e  amount o f  f o l i a r  n i tro g e n  was no d i f 

f e r e n t  from  th e  unmulcbed p la n ts  (T able  2 1 ) .

The p a t te r n  f o r  th e  amount o f  f o l i a r  n itro g e n  o f  th e  L igustrum  

f o r  th e  th re e  sam pling d a te s  was as fo llo w s : lo w est f o r  th e  June 1961

sam pling , o f  in te rm e d ia te  v a lu es  f o r  th e  J u ly  I 96I  sam pling , and h ig h e s t 

f o r  the  O ctober i 960 sam p lin g . There was no c o n s is te n t  p a t t e r n  f o r  th e  

F e i jo a .

W ith in c re a se d  le v e ls  o f f e r t i l i z e r  th e re  was a  co rrespond ing  

in c re a se  in  f o l i a r  n i t ro g e n  o f  b o th  sh rubs on the  O ctober i960  sam pling . 

T his p a t te r n  appeared  a s  a  tre n d  on th e  o th e r  two sam pling d a te s  f o r  th e  

L igustrum  b u t  n o t f o r  th e  F e i jo a .
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TABLE 2 1 ,—E f fe c t  o f  th e  mulch tre a tm e n ts  on th e  amount o f f o l i a r  n i t r o 
gen o f  each  o f th e  two shrubs on each  o f the  th re e  sam pling d a te s  (B ata 
a re  th o se  w ith  an "acd" s u p e r s c r ip t  o f  Appendix Table 9 j LSD v a lu e s  a re

from  Appendix Table 10)

Mulch
tre a tm e n t

F o l ia r  n i t r o g e n ,  p e rc en ta g e  d ry  w eigh t b a s is

F e i jo a , C1 L igustrum , eg

1 0 /5 /6 0 ,

*1
, 6 /1 /6 1 , 

*2
7 /2 1 /6 1 ,

*3

1 0 /5 /6 0 , 6 /1 /6 1 , 7 /21 /61 , 
<1 *2 d3

No m ulch, a-j_ 1 .98 1 .86 1 .91 2 .0 0  1 .32  1.69
W oodshavings, 1.57 1.U7 1.80 1 .7 2  1 .0 $  1.1*0
W oodchips, a^ 1 .88 1 .82 1.9h 2 .10  1 .22  1.63

LSD: 5* , O . l l j  1%, 0 .1 $

D iscu ss io n

U nderstandab ly , th e  amount o f  f o l i a r  n i tro g e n  in  the  in d ic a to r  

p la n ts  was a f f e c te d  by  an in te r r e la t io n s h ip  o f numerous f a c to r s *  These 

in c lu d ed  th e  fo u r  m easured v a r ia b le s ,  namely: k in d  of mulch, amount o f

f e r t i l i z e r  n i t ro g e n ,  k in d  of p l a n t ,  and sam pling date*

The m arkedly low er amount o f  f o l i a r  n i tro g e n  in  th e  w oodshavings- 

mulched p la n ts  th an  in  the  unmulched ones must have r e s u l te d  from  a  

sev ere  im m o b iliza tio n  o f  the  s o i l  n i tro g e n  which in  tu rn  r e s u l te d ,  a s  

Bo H e n  (1 1 , 13) has shown, from th e  deco imposition o f  an o rg an ic  m a te r ia l  

o f  an u n u su a lly  wide c a rb o n -n itro g e n  r a t i o ,  i n  t h i s  case th e  woods havings 

o f d o u g la s - f i r  lumber* Because th e  amount o f f o l i a r  n itro g e n  in  the  

woodchips-m ulched p la n t s  was on ly  nom inally  l e s s  than  in  th e  unmulched 

p l a n t s ,  th e re  i s  c o n s id e ra b le  in fe re n c e  t h a t  the c a rb o n n iitro g e n  r a t i o  

o f th e  woodchips was such  t h a t  u t i l i z a t i o n  o f  th e  m in e ra lize d  n itro g e n  

o f  th e  s o i l  by th e  m icroorganism s was m inim al.

I t  i s  im p o rtan t to  p o in t  o u t  ag a in  t h a t  th e  t o t a l  amount o f  

n i tro g e n  in  th e  woodshavings and th e  woodchips was 0.01*56 and 0.$Z%
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r e s p e c t iv e ly  (T ab le  6 ) .  Even w ith  a  slow ly  decomposable mulch a s  th e  

woodshavings a p p a re n tly  w as, th e  n i tro g e n  supp ly  m ust have been  in ad e 

q u a te  to  meet m ic ro b ia l re q u ire m e n ts . The above f in d in g s  c o in c id e  w ith  

p rev io u s r e p o r ts  (35* 57) and ten d  to  su p p o rt B a ld s ie fe n 's  s ta te m e n t, 

to  w it :  "From my o b se rv a tio n  ov e r • .  ,  s e v e ra l  y e a r s ,  th e re  i s  abso 

l u t e l y  no n itro g e n  d e f ic ie n c y  problem  (w ith  woodchips) a s  th e re  i s  

w ith  saw dust" (7)*

The b a s ic  q u e s tio n s  th a t  may be answ ered from  the  above f o l i a r  

n i tro g e n  d a ta  a re  1) was th e  f o l i a r  n i tro g e n  o f any o f th e  in d ic a to r  

p la n ts  l e s s  w ith  e i t h e r  mulch compared w ith  no-m ulch an d , i f  s o , 2) 

was t h i s  e f f e c t  a v e r te d  w ith  f e r t i l i z e r  n itro g e n ?

A co n p o site  schem atic  a n a ly s is  o f  th e  answ ers to  th e se  q u e s tio n s  

i s  p re s e n te d  in  Table 2 2 , As f o r  th e  f i r s t  q u e s tio n , i t  has alrea<^r 

been answ ered by th e  above d is c u s s io n . The answ er, in  suimnary, i s  t h a t  

in  g e n e ra l th e re  was l e s s  f o l i a r  n itro g e n  w ith  woodshavings b u t abou t 

th e  same amount w ith  w oodchips.

As fo r  th e  second q u e s tio n , th e  e f f e c t  o f  th e  woodshavings mulch 

was n o t  a v e r te d  w ith  f e r t i l i z e r  n i tro g e n  a t  th e  tim e of th e  f i r s t  

f o l i a r  s a  up l in g  o f  th e  seaso n . A t th e  time o f  th e  second sam pling , 

however, th e  e f f e c t  o f  the  woodshavings mulch on th e  f o l i a r  n i tro g e n  

was a v e r te d  w ith  th e  f e r t i l i z e r  n i tro g e n  tre a tm e n t in  th re e  of the  i n d i 

c a to r  p la n t s  b u t  n o t  in  th e  F e i jo a ,  M oreover, r e g a rd le s s  o f mulch t r e a t 

m ent, w ith  in c re a se d  f e r t i l i z e r  n i t ro g e n , f o l i a r  n i tro g e n  was co rrespond

in g ly  h ig h e r in  b o th  chrysanthemum c lo n es  on th e  J u ly  1961 sam pling and 

in  bo th  woody shrubs on the  O ctober I960 sam pling . I t  appears  t h a t  

w hatever amount o f  f e r t i l i z e r  n itro g e n  had n o t  been absorbed  in to  th e  

p la n ts  had e i th e r  become in w o b iliz ed  o r  e ls e  leach ed  away from  th e  

v i c i n i t y  o f  th e  p la n t  ro o ts  by 1961,



TABLE 2 2 ,—G eneral e f f e c t  of th e  mulches and f e r t i l i z e r  n itro g e n  on th e  co n cen tra tio n  o f  f o l i a r  n itro g e n  
o f each of th e  fo n r  in d ic a to r  p lan ts*  (Comparison i s  w ith  th e  f o l i a r  n itro g e n  o f the  unmulched p la n ts )

Mulch
trea tm en t

Change in  co n cen tra tio n  o f  f o l i a r  n itro g e n .-1-

F i r s t  sampling d a te  o f season Second sam pling date  o f season

'C h ris  
•A rlo ra ' Columbus1 F e ijo a Ligustrum

'C h ris
'A rlo ra 1 Columbus' F e ijo a  Ligustrum

Woodshavings - - -0  -0  -  -0

Woodchips 0 0 0 0 0 0 0

^ Diminution o f  f o l i a r  n itro g e n  i s  in d ic a te d  by - j  no d im inution  by  0$ d im inution  am elio
ra te d  w ith  f e r t i l i z e r  n itro g e n  by -0*
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C ontrary  to  Most p u b lish e d  evidence# f o l i a r  n i tro g e n  o f  a l l  

th e  in d ic a to r  p la n t s  was h ig h e r  on th e  second sam pling o f  the  growing 

season  th an  on th e  f i r s t *  O rd in a r i ly ,  f o l i a r  n i tro g e n  becomes l e s s  

as th e  growing seaso n  advances (1*7, 65) • Why i t  d id  n o t  i n  t h i s  

experim en t was n o t  determ ined*

F o l i a r  phosphorus

The d a ta  means f o r  th e  e f f e c t s  o f  th e  M i l c h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  phosphorus o f  th e  chrysanthemum c lo n e s  and th e  woody 

shrubs a re  p re s e n te d  in  Appendix T ables 11 and 13 re s p e c t iv e ly *

F o l ia r  phosphorus o f  th e  chrysanthemum c lo n es

In  May, f o l i a r  phosphorus o f  the  'A r lo ra ' c lo n e  was low er w ith  

woodshavings and th e  same w ith  woodchips conqpared w ith  th e  no-m ulch 

trea tm e n t*  But in  J u ly  i t  tre n d e d  h igher w ith  woodshavings and a c tu a l ly  

was h ig h e r w ith  w oodchips. By th e  same c o n ^ a riso n , f o l i a r  phosphorus 

o f th e  'C h ris  Columbus' c lone was h ig h e r w ith  the  woodshavings and 

h ig h er s t i l l  w ith  th e  woodchips on both  sam pling d a te s  (T ab le  2 3 ) .

TABLE 23*—E ffe c t  o f  th e  mulch tre a tm e n ts  on th e  amount o f f o l i a r  phos
phorus o f  the  two chrysanthemum c lo n es  on each o f th e  two sam pling d a te s  
(D ata  a re  those  w ith  an "acd" s u p e r s c r ip t  o f  Appendix Table l l j  LSD v a l 

ues a re  o f Appendix T able 12)

F o l ia r  phosphorus, p e rcen tag e  d ry  w eigh t b a s is

tre a tm e n t 'A r l o r a ' , c^ 'C h r is  C o lu iim s*, C2

5/ 2/ 60 , ^  7/ 2/ 60 , *2 5 /2 /6 0 , 6^ 7 /2 /6 0 , dg

No m ulch, a 1 ,2?1 .301* .225 *318
W oodshavings, 0^ *266 .318 .257 .365
W oodchips, a^ .281* .333 .259 .389

LSDt .0 1 6 ; .0 2 1
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As a ls o  shown in  Table 23* th e  d if fe re n c e  in  f o l i a r  phosphorus 

betw een th e  two sam plings was a t  l e a s t  tw ice a s  much f o r  th e  1 C hris 

Columbus* c lone  as f o r  the  *Arlora* c lo n e . T his d i f f e r e n t i a l  i s  because  

th e  f o l i a r  phosphorus was o f  somewhat com parable value betw een c o r re 

sponding mulch le v e ls  in  b o th  c lones f o r  th e  May sam pling w h ile  on th e  

J u ly  sam pling date* th a t  o f  th e  *C hris Columbus' c lone was m arkedly 

h ig h e r than  th a t  o f  the  'A r lo ra ' c lo n e .

When averaged  over a l l  o th e r  f a c to r s ,  th e  f o l i a r  phosphorus 

o f  bo th  c lo n e s  was h ig h e s t  f o r  th e  J u ly  sam pling compared w ith  the  May 

saiqpling and* a ls o ,  th e re  was no d if fe re n c e  between th e  th re e  f e r t i l i z e r  

l e v e l s .

F o l ia r  phosphorus o f  th e  F e ijo a  and 
L igustrum  p la n ts

The d a ta  o f  Table 21* show th a t  f o l i a r  phosphorus o f  bo th  shrubs* 

when n o t f e r t i l i z e d *  was u s u a l ly  th e  same w ith  the  woodchips-m ulch and

TABLE 21*.—E ffe c t  o f  the  mulch tre a tm e n ts , w ith o u t f e r t i l i z e r ,  on th e  
amount o f  f o l i a r  phosphorus o f  each o f  the  two woody sh rubs on each o f 
th e  th re e  sam pling d a te s  (D ata  a re  th o se  w ith  an "acd" s u p e r s c r ip t  a t  
th e  l e v e l  o f Appendix Table 13; LSD v a lu es  a re  from  Appendix Table ll*

F o l ia r  phosphorus, p e rc en ta g e  d ry  w eigh t b a s is
Mulch

tre a tm e n t F e i jo a ,  C]_ L igustrum , c2

1 0 /5 /6 0 , 6 /1 /6 1 , 7 /2 1 /6 1 , 1 0 /5 /6 0 , 6 / l / 6 l ,  7 /2 1 /6 1 , 
d s ) <13 d g  <13

No m ulch, a^ .167 .181; .165 .173 .176 .161*
W oodshavings, a 2 •290 .21*2 .231* .262 .256 .337
W oodchips, a . .182 .167 .173 .177 .11*7 .171*

LSD: $%, 0 .0 8 j 1%, 0*10



66

the  no-m ulch tre a tm e n ts . In  c o n t r a s t ,  f o l i a r  phosphorus was about J4O 

p e rc e n t  more w ith  th e  woodshavings mulch. These d i f f e r e n t i a l s  were 

c o n s is te n t  f o r  each o f  the th r e e  sam p lings.

As shown in  Table 25 , f o l i a r  phosphorus o f bo th  sh ru b s , when 

unmulched, was e i t h e r  unchanged o r  e ls e  low er f o r  each sam pling w ith  in 

c re a se d  r a t e s  o f f e r t i l i z e r  n i t r o g e n .

TABLE 2 5 .— E f fe c t  o f th e  f e r t i l i z e r  tre a tm e n t, w ith o u t mulch, on th e  
amount o f  f o l i a r  phosphorus o f  each  o f th e  two woody sh rubs on each o f 
th e  th r e e  sam pling d a te s  (D ata a re  those  w ith  an "abcdn s u p e r s c r ip t  a t  
th e  a^  l e v e l  o f Appendix Table 13} LSD v a lu es  a re  from Appendix Table ll*

F o l ia r  phosphorus, p e rcen tag e  d ry  w e ig h t b a s is
F e r t i l i z e r
tre a tm e n t F e i jo a , c^ L igustrum , C2

1 0 /5 /6 0 ,"  6 /T /6T ," '
d i  d^

y/21751,
d3

10/5 /60 ,
dl

6 /1 /6 1 , 
d2

[Jd i/bL ,
d3

0 l b ,  bx .167 .181* .165 .173 .176 .161*
1  l b . ,  b 2 .167 .181* .170 •159 .171* .156
2 l b . ,  b 3 .170 .152 .11*9 .162 .126 .126

LSD! %> O.O0J 1*, 0.10

D iscu ss io n

I t  appears t h a t  th e  e f f e c t  o f mulches on the  amount o f  f o l i a r  

phosphorus of d i f f e r e n t  k in d s o f  p la n ts  may vary  c o n s id e ra b ly . As f o r  

th e  herbaceous chrysanthemum p la n ts  o f t h i s  s tu d y , th e  g r e a te r  amount 

o f  f o l i a r  phosphorus o f  th e  mulched p la n ts  compared w ith  th e  unmulched 

p la n ts  i s  c o n s is te n t  w ith  th e  g e n e ra l in fo rm a tio n  in  th e  l i t e r a t u r e  

(18 , 26, 57, 71, 80 ,  8 2 ) . In  t h i s  c a se , th e re  i s  s tro n g  su p p o rt f o r  

th e  g e n e ra l i ty  t h a t  th e re  i s  an in c re a s e  in  a v a i la b le  phosphorus o f 

th e  s o i l  in  the  p resen ce  o f o rg an ic  mulches (2 6 , 57 , 71, 80 , 8 2 ), and 

th a t  t h i s  may be due to  the  s o lu b i l iz in g  o f  th e  phosphate compounds
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by th e  o rg an ic  a c id s  which a re  produced du rin g  m ic ro b ia l decom position  

(18, 23 , 82).

Were th e  amount o f f o l i a r  phosphorus to  fo llo w  th e  p a t t e r n  found 

in  c i t r u s  le a v e s  (se e  Table U), i t  shou ld  vary  in v e r s e ly  w ith  th e  supply  

o f  n i t r o g e n .  W ith th e  chrysanthemum p la n ts  t h a t  was n o t th e  c a s e .  With 

h ig h e r  r a t e s  o f  f e r t i l i z e r  th e  amount o f  f o l i a r  phosphorus d id  n o t  v a ry . 

A lso , th e re  was no in v e rse  r e la t io n s h ip  between th e  f o l i a r  n i tro g e n  and 

th e  f o l i a r  phosphorus o f  th e  chrysanthemum p la n ts  even though an in v e rse  

r e la t io n s h ip  would be expected  on th e  b a s is  o f th e  d a ta  o f Table U.

The p a t t e r n  f o r  th e  amount o f f o l i a r  phosphorus o f th e  woocty- 

sh ru b s , both  o f  which a re  everg reen  l ik e  c i t r u s ,  in d ic a te s  t h a t  in  th e se  

p la n t s  th e re  was an in v e rse  r e la t io n s h ip  between th e  supply  o f  n itro g e n  

and th e  f o l i a r  phosphorus c o n c e n tra tio n  (Table 2 k )• This a g re es  w ith  the  

d a ta  o f Smith (65) and S i t to n  e t  a l .  (61*) • A g e n e ra l decrease  o f  f o l i a r  

phosphorus w ith  an in c re a s e  in  th e  supp ly  o f n i tro g e n  i s  f u r th e r  sub

s t a n t i a t e d  by th e  d a ta  o f Table 23 and Appendix Table 9* These d a ta  show 

t h a t  th e  f o l i a r  phosphorus o f  bo th  sh rubs was c o n s is te n t ly  h ig h e r and th e  

f o l i a r  n i tro g e n  c o n s is te n t ly  low er f o r  a l l  th re e  sam plings w ith  wood

shav ings mulch conpared  w ith  e i t h e r  no mulch o r woodchips m ulch. In  

t h i s  c a s e , i t  appears  th a t  th e  amount o f f o l i a r  phosphorus may be 

a f f e c te d  more by th e  supply  o f  n itro g e n  than  by th e  p resence  o r absence 

o f an o rgan ic  m ulch. M oreover, w ith  th e  woods havings-m ulched sh rubs on 

each o f  th e  th re e  sam pling d a te s  th e re  was a  co rrespond ing  d ec rea se  in  

f o l i a r  phosphorus w ith  each in c re a s e  in  f e r t i l i z e r  n i t r o g e n .  This could  

be  e i t h e r  an a n ta g o n is t ic  e f f e c t  o r  a d i lu t io n  e f f e c t .  D eterm ining 

w hich i t  i s  r e q u ire s  in fo rm a tio n  abou t th e  growth p a t te r n  o f th e se  two 

sh rubs which w i l l  be co n sid e red  in  a  l a t e r  s e c t io n .
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The f a c t  t h a t  th e  f o l i a r  phosphorus o f th e  woodshavings-m ulched 

shrubs was co rre sp o n d in g ly  l e s s  w ith  in c re a s e d  r a t e s  o f  f e r t i l i z e r  n i t r o 

gen fo r  th e  June and J u ly  1961 sam plings su g g e s ts  t h a t  th e re  was s t i l l  an  

e f f e c t  from  th e  f e r t i l i z e r  n i tro g e n  even though , a s  was p re v io u s ly  noted* 

f o l i a r  n i tro g e n  was no g re a te r  on th o se  d a te s  w ith  in c re a s e d  r a t e s  o f  

f e r t i l i z e r  n i tro g e n .

The u n u su a lly  la rg e  amount o f f o l i a r  phosphorus o f th e  wood

shav ings -m ulched p la n ts  may accoun t f o r  th e  c o rre sp o n d in g ly  s m a lle s t  

amount o f  phosphate phosphorus in  th e  woodshavings-m ulched s o i l  (se e  

d is c u s s io n  o f  page $ \ ) .

F o l ia r  po tassium

The d a ta  means f o r  the  e f f e c t s  o f  th e  m u lc h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  po tassium  o f  the chrysanthemum c lo n es  and th e  woody 

sh rubs a r e  p re se n te d  in  Appendix Tables 1$ and 17 r e s p e c t iv e ly .

F o l ia r  p o tassiu m  o f  th e  chrysanthemum c lo n es

Compared w ith  th e  no-m ulch tre a tm e n t, th e  amount o f  f o l i a r  p o ta s 

sium was th e  same in  bo th  c lones f o r  th e  May and J u ly  I960 sam plings w ith  

th e  w oodchips-oulch tre a tm e n t;  w ith  th e  w oodshavings, f o l i a r  po tassium  

was l e s s  i n  the  'A r lo r a 1 c lo n e  on ly  in  Ju ly  I960 and in  th e  'C h r is  Colum

b u s ' c lo n e  in  b o th  May and J u ly  i 960  (T able 2 6 ) .

W ith in c re a se d  r a t e s  o f  f e r t i l i z e r ,  th e  f o l i a r  po tassium  was no 

d i f f e r e n t  f o r  the May sam pling b u t was co rresp o n d in g ly  g r e a te r  f o r  th e  

J u ly  sam pling (T able 2 7 ) . This e f f e c t  was c o n s is te n t  f o r  b o th  c lo n e s .

Based on th e  main e f f e c t  d if f e re n c e s  o n ly , two o th e r  f e a tu r e s  

o f  f o l i a r  po tassium  a re  o f i n t e r e s t ,  to o . For one th in g , th e re  was 

about 20 p e rc e n t  more f o l i a r  p o tassiu m  in  th e  'A r lo ra ' c lone  th an  in
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TABLE 2 6 .—E f f e c t  o f  th e  mulch tre a tm e n ts  on th e  amount o f f o l i a r  p o ta s 
sium o f each  o f th e  two chrysanthemum c lo n es  on each  o f  th e  two sam pling 
d a te s  (D ata  a re  th o se  w ith  an  nacdn s u p e r s c r ip t  o f  Appendix T able 15; I£D

v a lu es  a re  from .Appendix T able 16)

Mulch
tre a tm e n t

F o l ia r  p o tassiu m , p e rcen tag e  dry  w eigh t b a s is

'A r lo r a 'c  c 1 'C h r is  C olum bus', Cg

5 /2 /6 0 , dx 7 /2 /6 0 , dg 5 /2 /6 0 , 7 /2 /6 0 , dg

No m ulch, a^  
W oodshavings, â > 
W oodchips, a^

3 .76  5 .03
3.77 U.68 
3 .7 1  5 .01

2.58 U.50 

2 .0 7  U.29 
2.39 U.65

LSD: $%, 0 .2 7 ; 1%, 0 .3 5

TABUS 2 7 ,- - E f f e c t  o f th e  f e r t i l i z e r  tre a tm e n ts  on th e  amount o f  f o l i a r  
po tassium  o f th e  two chrysanthemum c lo n es  on each o f  th e  two sam pling 
d a te s  (D ata a re  th o se  w ith  a "bdn s u p e r s c r ip t  o f Appendix Table 1$; LSD

v a lu es  a re  from Appendix Table 16

F e r t i l i z e r F o l ia r  p o tass iu m , p e rc en ta g e  dry  w e ig h t b a s is
tre a tm e n t 5 /2 /6 0 , 7 /2 /6 0 , dg

0 l b . ,
1 l b . ,  b2
2 l b . ,  b 3

3.09
2.9U
3 .1 1

k.k9
U*73
ii.86

JSDt 0 .1 2 ; 1%, 0 .26

th e  'C h r is  Columbus' c lone  (U.33 v e rsu s  3 .U 1). A lso , th e  amount o f 

f o l i a r  p o tassiu m  o f th e  chrysanthemum p la n ts  was a b o u t 3? p e rc e n t  l e s s  

f o r  the  May th an  f o r  the  J u ly  s a i l i n g  (3*05 v e rsu s  U .6 9 ). More 

s p e c i f i c a l l y ,  i t  was abou t 2U p e rc e n t l e s s  f o r  th e  'A r lo ra ' c lone  and 

k l  p e rc e n t l e s s  f o r  th e  'C h r is  Columbus' c lone  (T ab le  2 8 ) ,
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TABLE 2 8 .—Amount o f  f o l i a r  p o tassium  o f  each o f  th e  two chrysanthemum 
c lo n es  on each o f th e  two sam pling d a te s  (D ata a re  those  w ith  a  "cd" 
s u p e r s c r ip t  o f  Appendix Table 15} LSD va lues a re  from Appendix Table 16

F o l ia r  p o tass iu m , p e rcen tag e  d ry  w eigh t b a s is
Kind o f p l a n t  5 /2 /6 0 , 7 /2 /6 0 , <L>

'A rlo ra * , 3 .75 U.91
'C h r is  C olum bus', C2 2 .35 1*.U8

LSD: 5%, 0.1*5} 1%, 0 .60

F o l ia r  po tassium  o f  th e  Fteijoa and 
lig u s tru m  p la n ts

The g r e a te s t  amount o f f o l i a r  po tassium  was found in  th e  u n f e r t i 

l i z e d  woodshavings-m ulched shrubs (T able 2 9 ) . This p a t t e r n  was c o n s i s t 

e n t w ith  each shrub and w ith  each sam pling d a te  (Appendix Table 17) • 

O therw ise , th e re  was no d e f in i te  p a t t e r n  in  th e  f o l i a r  p o tassiu m  con

c e n t r a t io n  w ith  f e r t i l i z e r  n i tro g e n  v a r ia b le s  n o r w ith  mulch v a r ia b le s .

TABLE 2 9 .—E f fe c t  o f  mulch tre a tm e n ts  and f e r t i l i z e r  tre a tm e n ts  on th e  
amount o f f o l i a r  p o tassiu m  o f th e  two woody shrubs (D ata a re  th o se  w ith  
an "ab" s u p e r s c r ip t  o f Appendix T able 17} LSD v a lu es  a re  from  Appendix

Table 18)

Mulch tre a tm e n t
F o l ia r  p o tass iu m , p e rcen tag e  dry  w e ig h t b a s i s ,  

f o r  th e  in d ic a te d  f e r t i l i z e r  r a t e

0 l b . ,  bx 1 l b . ,  b2 2 l b . ,  b3

No mulch, a^ 1 .01 1 .03 0 .88
W oodshavings, a £ 1 .23  1 .0 6 1 .07
W oodchips, a^ 1 .05 l.o U l.Ol*

LSD: 5*, 0 .0 6 ; 1%, 0 .09

On th e  b a s is  o f  tim e o f  y e a r  (sam pling d a te ) ,  f o l i a r  po tassium  

was h ig h e s t  in  June 1961 o f in te rm e d ia te  rank  in  J u ly  1961 and lo w est in  

O ctober I960* The re s p e c t iv e  v a lu e s  were 1 .2 1 , 1 .1 0 , and 0.83* Even
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though th e  fo reg o in g  d a ta  means a re  averaged  o v e r b o th  p l a n t s ,  th e  e f f e c t  

was c o n s i s te n t  f o r  each  k ind  o f p la n t*

D iscu ss io n

The l i t e r a t u r e  g e n e ra lly  in d ic a te s  t h a t  more f o l i a r  po tassium  

i s  found in  th e  le a v e s  o f  mulched p la n t s  than  in  th o se  o f unmulched ones* 

On th e  c o n tra ry , in  t h i s  stu tty  i t  was g e n e ra lly  l e s s  in  the woodshav- 

ings-m ulched chrysanthemums, the  same in  the  woodchips-m ulched ch rysan 

themums, and e i t h e r  more, p a r t i c u l a r l y  w ith  w oodshavings, o r  e l s e  the  

same i n  th e  mulched woody sh ru b s; each  o f  the  above d if f e r e n c e s  b e in g  

compared w ith  th e  unmulched p la n ts*  These d if f e r e n c e s  were e r r a t i c ,  

p a r t i c u l a r l y  i n  l i g h t  o f  the f a c t  t h a t  th e  d a ta  o f  T able 6 in d ic a te  

t h a t  th e re  was abou t fo u r  tim es more po tassium  in  the  woodchips mulch 

th an  in  th e  woodshavings mulch*

H enley (29) s t a te d  t h a t  w h ile  most re s e a rc h e rs  have re p o r te d  

a  g ra d u a l d e c lin e  in  th e  amount o f  f o l i a r  p o tass iu m  as  th e  growing 

season  advances, he and  a few o th e r s  have found th a t  t h i s  d e c lin e  i s  

p receeded  by an in c re a s e  e a r ly  in  th e  growing se a so n . A p p a ren tly , t h a t  

p a t t e r n  o f  an i n i t i a l  r i s e  in  th e  amount o f f o l i a r  po tassium  in  p la n t s ,  

fo llo w ed  by a g e n e ra l d e c l in e , p r e v a i le d  fo r  the  two chrysanthemum 

c lo n es  i n  t h i s  stud^y s in c e  th e  amount o f f o l i a r  p o tassium  was h ig h e r  f o r  

th e  J u ly  sam pling th an  f o r  the  May saupling*  The reaso n  such a  p a t t e r n  

f o r  the  two woody sh ru b s was n o t found  may have been due to  t h e i r  having 

been sampled too  l a t e  in  th e  growing season to  d e te c t  a  r i s e  p r i o r  to  

th e  u s u a l  d ec lin e*
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F o l ia r  sodium

The d a ta  means f o r  the  e f f e c t s  o f the  m u lc h / f e r t i l i z e r  t r e a t -  

m aits  on f o l i a r  sodium  of the  chrysanthemum c lo n es a id  th e  woody shrubs 

a re  p re s e n te d  in  Appendix; T ables 19 and 21 re s p e c tiv e ly #

F o l ia r  sodium o f th e  chrysanthemum 
c lones

For th e  May I960 sam pling , no d if fe re n c e  was found in  th e  

f o l i a r  sodium of e i t h e r  c lone f o r  d i f f e r e n t  mulch le v e ls  o r  w ith  in 

c re a se d  r a t e s  o f  f e r t i l i z e r #  On the  J u ly  I960 sam pling d a te ,  however, 

the f o l i a r  sodium o f  the  ummilche d and woods havings-m ulched p la n ts  was 

low er o r tren d e d  low er w ith  in c re a s e d  r a t e s  o f f e r t i l i z e r ;  t h a t  o f  th e  

woodchips-m ulched p la n t s  was h ig h e s t  w ith  th e  h ig h e s t  r a t e  o f f e r t i l i z e r  

(T able  3 0 ) .

TABLE 30#—E ffe c t  o f  the mulch tre a tm e n ts  and f e r t i l i z e r  trea tm e n ts  
on th e  amount o f  f o l i a r  sodium o f  th e  chrysanthemum p la n ts  on each of 
th e  two sam pling d a te s  (D ata a re  those  w ith  an "abd" s u p e r s c r ip t  o f 

Appendix Table 19; LSD v a lu e s  a re  from  Appendix Table 20)

F o l ia r  sodium , p e rcen tag e  d ry  w e ig h t b a s i s ,  
f o r  in d ic a te d  f e r t i l i z e r  r a t e

Mulch tre a tm e n t „ u0 lb # , bi 1 lb # , b 2 2 l b . ,  b3

5 /2 /6 0 ,
*1

7/ 2/ 6 0 ,
d2

5 /2 /6 0 ,
<1

7 /2 /6 0 ,
d2

5/ 2/ 60 ,
d l

7 /2 /6 0 ,
d2

No m ulch, a^  #010 .052 .010 .039 .010 .o la
W oodshavings, #012 #o£l .010 .01*8 .013 .033
W oodchips, a ,  #012 •037 .011 .036 .012 #0U7

LSDs 5%, #009; 1%, #011

F o l ia r  sodium o f  th e  F e ijo a  and 
L igustrum  p la n ts

F o l ia r  sodium was th e  same fo r  a l l  th r e e  mulch tre a tm e n ts  fo r

the  two sam plings o f  I 96I  (June and J u ly ) ,  w h ile  f o r  th e  O ctober I960



73

sam pling i t  was l e s s  f o r  th e  p la n ts  mulched w ith  e i t h e r  th e  woodshavings 

o r the  woodchips con^jared w ith  the  no-mulch trea tm e n t (Table 31)* 

However, f o r  th e  two 1961 sam plings, f o l i a r  n itro g e n  tren d e d  in  a d ir e c 

t io n  ty p ic a l  o f  th e  p a tte rn  found fo r  th e  1960 sam pling,

TABLE 3 1 ,—E f fe c t  o f the  mulch trea tm en ts  on the  amount o f f o l i a r  
sodium o f th e  woody shrubs on each o f th re e  s a i l i n g  d a te s  (D ata a re  
those  w ith  an "ad* s u p e r s c r ip t  o f  Appendix Table 21; LSD v a lu es a re

from  Appendix Table 22)

Mulch F o l ia r  sodium, pe rcen tag e  dry  w eigh t b a s is
trea tm en t 1 0 /5 /6 0 , d-L 6 /1 /6 1 , dg 7 /21 /61 , d3

No mulch, a^ .095 .032 .059
Woodshavings, ^ .072 .029 .029
Woodchips, a-j .067 .030

oo.

LSD: 536, .Olii; 1%, .019

As f o r  th e  amount o f  f o l i a r  sodium on the  d i f f e r e n t  saiqpling 

d a te s ,  i t  was h ig h e s t in  O ctober I960, o f  in te rm e d ia te  rank in  July- 

1961, and lo w est in  June 1961 when averaged over a l l  mulch l e v e l s .  

However, an exam ination o f  th e  data  f o r  each of the two shrubs showed 

th a t  t h i s  se a so n a l v a r ia t io n  was a p p lic a b le  to  th e  Ligustrum  only 

( .1 2 2 , ,073 , and ,027, r e s p e c t iv e ly ) ;  n o t the  F e ijo a  (,03i*, ,037, and 

.0 3 3 , r e s p e c t iv e ly ) .

In  summary, f o l i a r  sodium was s l i g h t l y  l e s s  in  the  mulched 

p la n ts  compared w ith  the  unmulched ones. L i t t l e  o r  no e f f e c t  was found 

f o r  the f e r t i l i z e r  trea tm e n t d i f f e r e n t i a l s .

D iscussion

In  th i s  s tudy , m ulching w ith  e i t h e r  the  woodshavings o r th e  

woodchips had r e l a t iv e ly  l i t t l e  o r  no e f f e c t  on f o l i a r  sodium in  any o f 

th e  in d ic a to r  p la n t s .  Nor was th is  elem ent e f fe c te d  by any changes in
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th e  amount o f  a v a i la b le  p o tassiu m  in  the s o i l ,  an e f f e c t  which m ight 

have been ex p ec ted  because  o f th e  s y n e r g is t ic  r e la t io n s h ip  o f th e se  

two elem ents*

There w as, however, i n  th e  chrysanthemum c lones in  J u ly , an  

in v e rse  r e la t io n s h ip  betw een the  amounts o f  f o l i a r  p o tassiu m  and sodium 

w ith  in c re a s in g  r a te s  o f  f e r t i l i z e r  n i tro g e n , bu t on ly  w ith  th e  wood- 

shavings-raulched p la n ts*  The h ig h e r the  f e r t i l i z e r  n i tro g e n  r a t e ,  th e  

h ig h e r th e  amount o f f o l i a r  po tassium  and th e  low er th e  amount o f  f o l i a r  

sodium . In  the  unmulched and th e  woodchips-mulche d p l a n t s ,  f o l i a r  

p o tassium  was g r e a te r  w ith  in c re a se d  r a t e s  o f  f e r t i l i z e r  n i tro g e n  b u t ,  

u n lik e  t h a t  i n  the  woodshavings-m ulched p la n t s ,  f o l i a r  sodium u s u a l ly  

was n o t  c o rre sp o n d in g ly  lower*

F o l ia r  calc ium

The d a ta  means f o r  th e  e f f e c t s  of th e  m u lc h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  ca lc ium  o f the  chrysanthemum c lones and th e  woody 

sh rubs a re  p re s e n te d  in  Appendix T ab les 23 and  2$ re s p e c tiv e ly *

F o l ia r  calc ium  of the  chrysanthemum c lo n es

In  com parison w ith  th e  unmulched p l a n t s ,  f o r  th e  May I960 

sam pling , th e  amount o f  f o l i a r  ca lc iu m  was low er f o r  th e  w oodchips- 

mulched p la n t s  and i t  tre n d e d  low er f o r  the woods havings-m ulched ones 

(T ab le  3 2 ) .  For th e  J u ly  s a n p lin g  i t  was low er in  b o th  th e  woods hav

in g s-a n d  th e  woodchips-m ulched p la n te d  compared w ith  th e  unmulched ones* 

F e r t i l i z e r  tre a tm e n ts  had no e f f e c t  on f o l i a r  ca lc ium , no r was 

th e re  a  d i f f e r e n c e  in  th e  amount o f  f o l i a r  calcium  between clones*  But 

betw een sa n p lin g  d a te s ,  the  f o l i a r  calc ium  was h ig h e s t  f o r  the  J u ly  over 

■the June s a n p lin g , a s  would be e x p ec te d .
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TABLE 32*—E f f e c t  o f the m ilch  tre a tm e n ts  on th e  amount o f f o l i a r  
ca lc iu m  of th e  chrysanthemum p la n ts  on each  o f two sam pling d a te s  
(D ata  a re  th o se  w ith  an na<f s u p e r s c r ip t  o f Appendix Table 23 j LSD

values a re  from  Appendix Table 2U)

Mulch tre a tm e n t
F o l ia r  calcium , p e rcen tag e  d ry  w eigh t b a s is

5/ 2/ 60 , 7 /2 /6 0 , <L>

No m ulch, a^ .312 .516
W oodshavings, a^ .291* *390
W oodchips, a^ .27ii .390

LSD* •02$; 1*, .032

F o l ia r  calcium  of th e  F e ijo a  and 
L igustrum  p la n ts

The h ig h e s t  amount o f  f o l i a r  ca lc ium  was found  i n  the  unmulched 

p l a n t s ,  an in te rm e d ia te  amount i n  the  woodchips-mulche d p la n ts ,  and th e  

l e a s t  amount in  the  w oodshavings-m ulched ones* The re s p e c t iv e  v a lu e s , 

when averaged  ov er th e  o th e r  th re e  f a c to r s  were 0 , 9 2 ,  0 , 87,  and 0 *8l  

(Appendix T able 2$)*

A co rrespond ing  in c re a s e  in  f o l i a r  calcium  was found w ith  an 

in c re a s e  i n  f e r t i l i z e r  ra te *  The va lues were 0*83, 0*87, and 0*90 f o r  0 , 

1 , and 2 pounds o f  f e r t i l i z e r  re s p e c tiv e ly *  C o n s is te n t w ith  th e  r e s u l t s  

o f  o th e r  w o rk ers , th e re  was an  ap p a ren t In c re a s e  in  f o l i a r  calc ium  as 

th e  growing season  advanced* The lo w est amount was found f o r  th e  June 

1961 sam pling , an in te rm e d ia te  amount f o r  the  Ju ly  1961 sam pling , and 

th e  most f o r  th e  O ctober I960 sam pling . The re s p e c t iv e  v a lu es  were 

0*67, 0 *88 , and 1 *0 $ .

D iscu ss io n

The sm all amount o f l i t e r a t u r e  p e r ta in in g  to  th e  e f f e c t  o f  mulch

in g  on f o l i a r  calcium  in d ic a te s  th a t  l i t t l e  o r no change may be expec ted



76

(6I4.)* The u s u a l ly  sm a lle r  amount of f o l i a r  calc ium  o f  the  mulched 

p la n ts  o f t h i s  s tu d y  d isa g re e s  w ith  th o se  f in d in g s  and in d ic a te s  t h a t  

the e f f e c t s  o f  m ulching on f o l i a r  calc ium  may vary  w ith  one o r more con

d i t io n s  o f the  environm ent n o t y e t  id e n t i f ie d *  One p o s s i b i l i t y  i s  t h a t  

th e  a v a i la b le  calc ium  in  the  s o i l  was be ing  im m obilized by th e  decompos

ing  m icroorganism s* The g r e a te r  amount o f f o l i a r  calcium  w ith  h ig h e r 

r a t e s  o f  calcium  n i t r a t e  f e r t i l i z e r  f u r th e r  s u b s ta n t ia te s  t h i s  

p o s s ib i l i ty *

S ince  a v a i la b le  s o i l  calc ium  i s  re a d i ly  l o s t  by le a c h in g  (16 , 

p* 70 ,  p* 271*), i t s  c o n c e n tra tio n  must have been  g r e a te r  w ith  i n 

c re a se d  s o i l  depth* T his, and th e  f a c t  th a t  ro o ts  o f  th e  nu lched  p la n ts  

must have been c o n c e n tra te d  n e a r  th e  s o i l  su rfa c e  ( i n  th e  ca lc ium -poor 

p o r t io n  o f  the  s o i l  p r o f i l e ) ,  would seem to  a ls o  accoun t f o r  th e  sub

s t a n t i a l l y  sm a lle r  amount o f  f o l i a r  calc ium  i n  th e  w oodshavings- and 

th e  woo dc h ips-m ulched p la n ts  th a n  in  th e  unmulched p la n ts *

F o lia r  magnesium

The d a ta  means f o r  the  e f f e c t s  o f  the  m u lc h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  magnesium o f th e  chrysanthemum c lo n es  and th e  wsody 

sh rubs a re  p re s e n te d  in  Appendix T ab les 27 and 29 re s p e c tiv e ly *

F o l ia r  magnesium o f  th e  chrysanthemum c lo n es

F o l ia r  magnesium o f e i t h e r  th e  woodshavings-m ulched o r  the  

woodchips-m ulched chrysanthemum p la n ts  wa3 about o n e - th ird  l e s s  than  

t h a t  o f  the  unmulched p la n ts  (T ab le  33)*

There was no d if fe re n c e  i n  f o l i a r  magnesium due to  f e r t i l i z e r  

tr e a tm e n ts .  The amount o f f o l i a r  magnesium was g r e a te r  f o r  th e  J u ly  

than f o r  th e  June sam pling .
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TABLE 33*— E f fe c t  o f the  mulch trea tm e n ts  on th e  amount o f  f o l i a r  mag
nesium of each o f th e  two chrysanthemum c lo n es  on each o f  two sam pling 
d a tes  (D ata a re  those w ith  an "acd" s u p e rs c r ip t  o f  Appendix Table 27; 

LSD v a lu es are  from Appendix Table 28)

Mulch
treatm ent

F o lia r  magnesium, percentage dry weight b a sis

'A r lo r a ',  c^ •C hris Colum bus', Cg

5/ 2/ 60, 7 /2 /6 0 , dg 5/ 2/ 60, d^ 7 /2 /6 0 , dg

No mulch, a^ .272 .328 .221 •31*3
Woodshavings, ag .163 .21U .172 .21*7
Woodchips, a^ .152 .230 .191 .163

LSD: 5$, .025j 1%, .032

F o lia r  magnesium o f  the  F e ijo a  and 
Ligustrum  p la n ts

The magnitude o f  d if fe re n c e  between the  f o l i a r  magnesium o f  th e

unmulched p la n ts  and those  t r e a te d  w ith  e i th e r  of the mulches was n o t

the same f o r  the  two shrubs (Dable 3U).

TABLE 3U.— E f fe c t  of the mulch trea tm e n ts  on the  amount o f  f o l i a r  mag
nesium of each o f the  two woody shrubs on each o f  th re e  sa n p lin g  d a te s  
(D ata a re  th o se  w ith  an "acd" s u p e rs c r ip t  o f  Appendix Table 29; LSD

values a re  from Appendix Table 30)

Mulch tre a tm e n t
F o l ia r  magnesium, p ercen tag e  dry  w eight b a s i s ,  

f o r  in d ic a te d  san p lin g  d a te

F e ijo a , c. L igustrum , C2

io /£ /6o , 5/V 61, 7/21751,

No mulch, a^ 
Woodshavings, Sg 
Woodchips, a^

36 .21* .29 .31 .23 .33
29 .19 .21* .30 .16 .29
28 .17 .23 .31 .20 .31

LSD: $%, 0 .03j 1%, 0.0U

In  the F e ijo a  th e  f o l i a r  magnesium was the h ig h e s t w ith  the  no-mulch 

over e i th e r  o f the mulches fo r  a l l  th re e  sam pling d a te s .  In  the
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Ligustrum , i t  was h i p e s t  for  the no-mulch over the woodshavings mulch on 

the June and Ju ly  sanpling d ates; otherw ise in  t h is  p lan t there was no 

d iffe re n c e  between any mulch treatm ent on the October sampling date nor 

between no-mulch and wo ode hips-mulch treatm ents fo r  the o th er  two 

sam plings•

The fo l ia r  magnesium in  the Ligustrum p la n ts  increased  w ith  

in creased  ra tes o f f e r t i l i z e r  n itro g en  w ith  no-mulch and w oodchips- 

mulch treatm ents; not w ith  woodshavings mulch* T his pattern  e x is te d  

fo r  a l l  three s a i l i n g s *  No such e f f e c t  was found for  the f e r t i l i z e r  

n itrogen  treatment on the F eijoa  p lan ts*

D iscu ssion

O rdinarily , a grea ter  amount of a v a ila b le  magnesium has been 

reported in  s o i l  mulched w ith  a decomposable m ater ia l than in  unmulched 

s o i l  (37, 68, 80). This co n d itio n  has been a ttr ib u te d  to the so lv e n t  

a c tio n  of carbonic and n i t r ic  a c id  o r ig in a tin g  in  the decom position o f  

the decomposable mulch (8 , pp* 2$0, 281*) • In c o n tr a s t , l e s s  f o l ia r  

magnesium u su a lly  has been reported in  mulched than in  unmulched p la n ts  

(26, $8, 80), as was found in  t h i s  study* Although Robinson and Chenery 

($8) a ttr ib u ted  th is  to an a n ta g o n is tic  e f f e c t  w ith  potassium , the  

p resen t data do not alw ays support such a view point* For, w h ile  a v a il

ab le potassium  o f  the s o i l  and f o l ia r  potassium  o f  the p lan ts was 

u su a lly  somewhat h igher w ith  th e  woodchips and n o t with the woodshavings 

compared w ith the unmulched treatm ent, f o l ia r  magnesium was correspond

in g ly  lower in  both the woo do h ip s—and th e  woods havings-mulched p lan ts*  

Consequently, i t  appears th at the aa tagn ostic  e f f e c t  between potassium  

and magnesium may not have been the p r in c ip a l reason  why the f o l ia r  

magnesium was so imich lower in  the mulched than in  the unmulched p lan ts*
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Thus, an o th e r reason  re q u ire s  c o n s id e ra tio n *  As was a ls o  

in d ic a te d  f o r  a v a i la b le  ca lc iu m , th e  amount o f  a v a i la b le  magnesium 

shou ld  have been g r e a te r  w ith  in c re a se d  s o i l  dep th  (1 6 , p* $3h; 70, 

p* 2?U)* C onversely , th e  ro o ts  o f  th e  mulched p la n ts  must have been con

c e n tra te d  n e a r  th e  s o i l  su rfa c e  in  t h a t  p a r t  o f th e  s o i l  p r o f i l e  lo w e st 

in  a v a i la b le  magnesium, w hereas p ro p o r t io n a te ly  more r o o ts  o f  the  u n - 

ntulched p la n ts  must have been  deeper in  the s o i l  where a v a i la b le  mag

nesium  was more abundant* I t  seems re a so n a b le , th en , t h a t  th e re  would 

have been s u b s ta n t ia l ly  l e s s  uptake o f  magnesium in  th e  mulched th a n  in  

th e  unmulched p la n ts*

M ic ro b io lo g ic a l t ie u p  o f  a v a i la b le  magnesium m ust a lso  have been 

a  c o n tr ib u t in g  f a c t o r  in  f o l i a r  magnesium b e in g  low er in  the  mulched 

th an  in  th e  unmulched p la n ts*

F o l ia r  manganese

The d a ta  means fo r  the  e f f e c t s  o f th e  m u lc h / f e r t i l i z e r  t r e a t 

ments on f o l i a r  manganese o f  th e  chrysanthemum c lo n es  and th e  woody 

shrubs a re  p re s e n te d  in  Appendix T ables 31 and 33 r e s p e c t iv e ly .

F o l ia r  manganese o f th e  chrysanthemum c lo n es

Compared w ith  the unmulched p la n ts , f o l ia r  manganese trended  

lower in  the p lan ts mulched w ith e ith e r  the woodshavings or the wood

ch ip s, e s p e c ia l ly  the ones w ilched w ith the la tte r *

W ith in c re a se d  le v e ls  o f  th e  f e r t i l i z e r ,  th e re  was a  c o r re s 

ponding in c re a s e  in  f o l i a r  manganese in  th e  J u ly  I960 sam pling , however, 

no such d if fe re n c e  was found f o r  th e  May i 960 sam pling . I n  g e n e ra l th e  

f o l i a r  manganese was h ig ie r  in  the 'C h r is  Columbus' c lo n e  than  in  

'A r lo ra 1 and h ig h e r f o r  th e  J u ly  sam pling th a n  f a r  th e  May sam pling*
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F o l i a r  Manganese o f  th e  F e ijo a  and 
L igustrum  p la n t s

For th e  O ctober I960 sam pling b u t  n o t f o r  the June o r  J u ly  1961 

samp l i n g s ,  th e  f o l i a r  manganese was m arkedly l e s s  in  the  w oodehips-  

mulched L igustrum  p la n ts  compared w ith  -the sane k in d  t h a t  were n o t  

mulched (T able  35)* O therw ise th e re  was no d if fe re n c e  in  f o l i a r  man

ganese betw een any o f th e  mulch le v e ls *

F o l ia r  manganese was low er in  the  F e ijo a  p la n ts  th a n  in  th e  

L igustrum  p l a n t s ,  th e  r e s p e c t iv e  means b e in g  27*3 and 72,0* I t  was a ls o  

low er f o r  th e  June and J u ly  1961 sam plings th an  f o r  th e  O ctober I960 

sam pling . The re s p e c t iv e  v a lu e s  f o r  th e se  th re e  sam plings was hi*.6 ,  

1*7.1, and 1 0 2 .2 .

TABLF 35*—E f fe c t  o f  th e  mulch tre a tm e n ts  on th e  amount of f o l i a r  
manganese o f each o f th e  two woody sh rubs on each  o f th e  th re e  sam pling 
d a te s  (D ata a re  those  w ith  an *acd" s u p e r s c r ip t  o f Appendix Table 33;

LSD v a lu es  a re  from Appendix Table 3U)

F o lia r  manganese, ppm dry w eight b a s is
munn

treatm ent F e ijo a , c^ Ligustrum, ^

10 /5 /6 0 , 6/ 1/ 61 , 7 /2 1 /6 1 , 10/ 5/ 60 , 6 /1 /6 1 , 7/ 21/ 6 I
dl dg d3 dl d2 d3

No mulch, a-̂  73 51* 1*7 11*5 33 51
Woodshavings, 80 1*1* 1*6 186 30 1*8
Woodchips, a^ 53 76 1*3 76 31 1*7

LSD: 556, 33; 1%, 1*1*

No d if fe re n c e  was found in  f o l i a r  manganese between sam pling 

d a te s  f o r  F e i jo a  b u t th e re  was a  d if f e re n c e  f o r  L igustrum * a t  l e a s t  

th re e  to  fo u r  tim es more f o l i a r  manganese f o r  th e  O ctober I960 sam pling 

th an  fo r  the June o r  J u ly  19 6 l  sam plings.
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D isc u ss io n

In  th e  chrysanthemums th e  amount of f o l i a r  manganese appears 

to  be r e la te d  to  th e  amount o f  f o l i a r  n itro g en *  T hat i s ,  w ith  h ig ie r  

r a t e s  of f e r t i l i z e r  n i t ro g e n ,  th e r e  were c o rre sp o n d in g ly  h ig h e r  amounts 

o f f o l i a r  n itro g e n  and a ls o  o f f o l i a r  manganese. In  c o n t r a s t ,  Sm ith (6 $ ) 

n o ted  th a t  in  c i t r u s  th e  amount o f  f o l i a r  manganese i s  u s u a l ly  l e s s  w ith  

a p p lie d  n itro g en *  No such a  p a t t e r n  was found betw een th e  f o l i a r  n i t r o 

gen and f o l i a r  manganese as a f f e c te d  by the  m ulches, even though th e  

l i t e r a t u r e  g e n e ra l ly  in d ic a te s  a  pronounced r e la t io n s h ip  (2 2 , U7, 5 l)«

As f o r  th e  woody sh ru b s , th e  amount o f  f o l i a r  manganese fo llo w s  

such an  e r r a t i c  p a t t e r n  a s  to  p rec lu d e  th e  draw ing of even g e n e r a l i t i e s  

abou t th e  e f f e c t  o f  th e  m u lc h / f e r t i l i z e r  tre a tm e n ts  on th i s  e lem ent i n  

e i t h e r  th e  F e ijo a  o r  th e  L igustrum  p la n ts*

Growth C h a ra c te r is t ic s  o f  th e  
In d ic a to r  P la n ts

D e te rm in a tio n s were made of th e  e f f e c t s  o f  th e  m u lc h / f e r t i l i z e r  

tre a tm e n ts  on th e  s i z e ,  w e ig h t, and number o f  stem s p e r  p la n t  o f the  

two chrysanthemum c lo n e s , of the  r o o t  growth of the  F e jjo a  and lig u s tru m  

sh ru b s , and o f  the  l i n e a r  sh o o t grow th o f  th e  F e i jo a .

The a n a ly se s  o f  v a rian ce  mean sq u ares o f  th e  s iz e  and w e ig h t

the  two chrysanthemum c lo n es  and of the  l in e a r  sh o o t grow th o f  th e
21

F e ijo a  a re  shown in  Appendix Table 35* F - r a t io s  f o r  th e  fo u r  f a c to r s  

in f lu e n c in g  the s iz e  and w eigh t o f  th e  two chrysanthemum c lones and 

the  two f a c to r s  in f lu e n c in g  th e  F e ijo a  l in e a r  sh o o t growth a re  shown 

in  Table 36 .

21
S t a t i s t i c a l  a n a ly se s  were n o t  made o f  th e  d a ta  f o r  th e  num

b e r  o f  stem s p e r  p la n t  o f  the two chrysanthemum c lo n es  n o r th o se  f o r  
th e  r o o t  growth o f  th e  F e ijo a  and L igustrum  p l a n t s .
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TABLE 36*—S ig n if ic a n c e  o f  th e  v a r ia t io n  in  s iz e  and w e ig h t o f the  two 
chrysanthemum c lones and l in e a r  shoo t grow th o f th e  F e i jo a  in  r e l a t i o n  
to  th e  m ulch, f e r t i l i z e r ,  k in d  o f p l a n t ,  and sam pling d a te  f a c to r s  

( F - r a t io s  a re  c a lc u la te d  from  th e  d a ta  o f Appendix T able 35)^

F - r a t io

F a c to r F a c to r
code

Chrysanthemum c lo n es F e ijo a

S ize W eight sh o o t
growth

C u ltu ra l  tre a tm e n t 
Mulch A 117.37** 93.87** 13.31***
F e r t i l i z e r B 1 3 .0 0 6 .61**

P la n t C 32.72** 1
Sam pling d a te D 1 5 5 7 .U * *

Symbols * and **  in d ic a te  s ig n if ic a n c e  a t  th e  5“ and 1 -p e r
c e n t l e v e l s  o f  p r o b a b i l i ty ,  r e s p e c t iv e ly

The s ig n i f i c a n t  F - r a t io s  in d ic a te  t h a t  th e  mulch f a c to r  had 

an im p o rtan t in f lu e n c e  on the s iz e  and  w e ig h t o f the  chrysanthemum 

c lones and on th e  l i n e a r  sh o o t growth o f  th e  F e ijo a  p l a n t s .  No e f f e c t  

was found  f o r  the f e r t i l i z e r  f a c to r  on e i t h e r  s iz e  o r  w e ig h t o f  the 

chrysanthemum c lo n es  b u t  a p p a re n tly  l i n e a r  shoo t grow th o f  th e  F e ijo a  

p l a i t s  was a f f e c te d  by  th e  f e r t i l i z e r  f a c t o r .  The s iz e  o f  th e  

chrysanthemum c lones was s tro n g ly  in f lu e n c e d  by th e  k in d  o f  p la n t ,  y e t ,  

s u r p r i s in g ly ,  th e  w eigh t was n o t .

Chrysanthemum p l a i t s

The d a ta  means f o r  th e  a f f e c t s  o f  the  m u lc h / f e r t i l i z e r  tre a tm e n ts  

on grow th c h a r a c t e r i s t i c s  o f  th e  chrysanthemum c lo n es  a re  p re se n te d  in  

Table 37 f o r  the number o f stem s and Appendix T ab les 36, 38 , and 1*0 f o r  

th e  s i z e ,  w e igh t, and w e ig h t-s iz e  r a t i o ,  r e s p e c t iv e ly .



83

Number o f stems

Shown in  Table 37 a re  th e  r e s u l t s  o f  th e  coun t t h a t  was made 

on A p r i l  28, I9 6 0 , o f  the  number o f  stem s o f m ajor s iz e  t h a t  had grown 

from  th e  ro o t  crown o f each chrysanthemum p la n t  s in c e  th e  Noveatoer, 19?9> 

h a rv e s t  o f  th e  tops*  Even though th e se  d a ta  have n o t been  an a ly zed  

s t a t i s t i c a l l y ,  th e re  ap p ea rs  to  be some d e f in i t e  d if fe re n c e s *  F o r one 

th in g ,  th e re  were f a r  more stem s in  th e  unmulched p la n ts  th an  in  th e  

mulched p la n ts*  Between the mulched p l a n t s ,  th e re  were s l i g h t l y ,  

b u t  c o n s is te n t ly  more stem s in  th e  woodchips-mulche d p la n ts  than  in  th e  

woods havings-m ulched ones*

A nother im p o rtan t d i f f e r e n c e  i s  t h a t  th e re  were a b o u t tw ic e  a s  

many steins in  th e  'A r lo ra 1 c lone f o r  each mulch l e v e l  as in  th e  'C h r is  

Colunbus' clone* On th e  b a s is  o f  t h i s ,  on th e  b a s is  o f th e  'C h r is  

Columbus' p la n ts  b e in g  ab o u t 20 p e rc e n t  b ig g e r th an  th e  'A r lo ra ' p la n ts  

(Appendix Table 3 6 ) , and an th e  b a s is  t h a t  th e  w eight o f  each c lo n e  was

TABLE 37*—E f fe c t  o f  the mulch tre a tm e n ts  and th e  f e r t i l i z e r  tre a tm e n ts  
on th e  number of stem s p e r  p l a n t  o f  each of the  two chrysanthemum c lo n e s

on A p r i l  28 , 1960^

Mulch Number o f  stem s p e r  chrysanthemum p la n t  f o r  th e  
in d ic a te d  f e r t i l i z e r  r a t e

'A r l o r a ' ,  c^ •C hris Columbus',• c 2

0 l b . ^ 1 lb * ,b 2 2 l b . , b 3 0 l b . , ^ 1 l b . , b 2 2 l b . , b 3

No m ulch, a^ 22.71 22.39 19.1*9 12.08 13 .95 11.29
W oodshavings, 12.66 LL.57 11*68 6 .3k 6 .3 k 6.1*3
W oodchips, 16.28 Hi.9U 15 .8? 7.52 6 .80 7 .8 ?

R e p lic a tio n s  averaged—no s t a t i s t i c a l  a n a ly s is  made
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th e  same (Appendix T able 3 8 ), i t  i s  a p p a ren t th a t  the  s i z e  and w eigh t 

p e r  stem  were much g r e a te r  f o r  th e  'C h r is  Columbus' c lone  th a n  f o r  

the 'A r l o r a ' .

S ize  (volume)

When m easured on A p r il  27 , I960 , th e  s iz e  of b o th  o f  th e  ch rysan 

themum c lo n e s  was a b o u t fo u r  tim es la r g e r  f o r  th e  unmulched p la n t s  th an  

fo r  the  m ulched ones (T ab le  3 8 )•  On June 30 , i 960 ,  th e  s iz e  o f  th e  r e 

growth ( th e  to p s o f  th e  p la n ts  were h a rv e s te d  on May 3 , I 9 6 0 ) o f th e  

■Arlora1 p la n t s  was th e  same f o r  a l l  mulch tre a tm e n ts , t h a t  i s ,  th e  un

mulched ones were sm a lle r  and th e  mulched ones s l i g h t l y  la r g e r  th an  th ey  

had been when measured in  A p r i l .  I n  c o n t r a s t ,  the  s iz e  p a t t e r n  o f  th e  

second c ro p  o f  the  'C h r is  Columbus' p la n ts  was somewhat l ik e  t h a t  o f th e  

f i r s t  c ro p —th e  unmulched p la n ts  were th e  l a r g e s t  and th e  mulched ones 

the  s m a l le s t .  However, even w ith  th a t  s i z e  d i f f e r e n t i a l ,  the  mulched 

'C h ris  Colunibus’ p la n ts  were much la r g e r  than  in  A p r i l .

TABLE 3 8 .—E f fe c t  o f  th e  mulch tre a tm e n ts  an the s iz e  o f each o f  the two 
chrysanthemum c lones on each o f two m easuring d a te s  (D ata a r e  th o se  w ith  
an "acd" s u p e r s c r ip t  o f  Appendix Table 3 6} LSD v a lu es  a re  from Appendix

Table 37)

S iz e , cu b ic  inches p e r  chrysanthemum p la n t

Mulch 'A r l o r a ',  c-. 
t re a tm e n t -1

' C hris Columbus1, C2

1 ^ 7 / 6 0 , ^  6 / 30/ 60 , U /27 /60 ,d1  6/ 30/ 60 , d^

No mulch, a^  17U 5'7 171 133
W oodshavings, a 2 30 62 38 95
Woodchips, a^ $2 63 I4O 88

L3D: $%, 18; 1%, 25
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C onsidering  the two c lo n e s , th e re  was com parable growth f o r  

each when m easured in  A p ril*  For the  June m easuring , however, th e  

'C h r is  Columbus' c lone was d i s t i n c t l y  la rg e r*

No s iz e  d if fe re n c e s  were found f o r  th e  f e r t i l i z e r  tre a tm e n ts  

a lth o u g h  th e re  was a  t r e n d  f o r  the unmulched and th e  w oodchips-m ulched 

p la n t s  t r e a te d  w ith  the  1-pound r a te  o f f e r t i l i z e r  to  be  o f com parable 

s iz e  and l a r g e r  th an  th o se  t r e a te d  w ith  th e  0 -  and 2-pound f e r t i l i z e r  

le v e ls *  S ince t h i s  p a t t e r n  was no t p re s e n t  w ith  th e  wo od- shaving s -  mule hed 

p la n t s ,  f o r  which n itro g e n  im m ob iliza tion  a p p a re n tly  was se v e re , i t  may 

be in f e r r e d  t h a t  the  2-pound r a t e  o f  f e r t i l i z e r  was an  ex cess  amount f o r  

th e  no-mulch and woodchips tre a tm e n ts .

There was a lso  a  t re n d  fo r  th e  w oodshavings-m ulched p la n ts  to  

be la r g e r  w ith  each  in c re a se  in  f e r t i l i z e r  n i tro g e n  when m easured on 

June 30, i 9 6 0 .

W eight

When h a rv e s te d  on November 3* 1959, th e  chrysanthemum p la n ts  

weighed the same f o r  a l l  mulch le v e ls*  In  c o n tr a s t ,  compared w ith  th e  

unmulched p l a n t s ,  th e  mole he d ones were a t  l e a s t  th re e  tim es l i g h t e r  

when h a rv e s te d  i n  Hsy* T h is same d i f f e r e n t i a l ,  b u t o f l e s s e r  m agnitude, 

was a ls o  found f o r  the  J u ly  h a rv e s t  (T able  39)*

There were no w eigh t d if fe re n c e s  f o r  th e  f e r t i l i z e r  trea tm e n ts  

fo r  the No v e n te r  1959 n o r f o r  th e  May 1960 h a r v e s ts .  W ith the J u ly  

i 960  h a rv e s t ,  bo th  c lones t r e a te d  w ith  e i t h e r  no-mulch o r  woodchips 

and f e r t i l i z e d  w ith  the 1-pound r a te  o f  f e r t i l i z e r  were th e  h e a v ie s t ,  

conqpared w ith  th e  o th e r  tre a tm e n ts  (T able UO). the  la c k  o f a  s im i la r  

in c re a se  f o r  th e  unmulched and the wo ode h ips-m ulched p la n t s  t r e a te d  

w ith  th e  2-pound r a te  o f  f e r t i l i z e r  su g g e s ts  t h a t  t h a t  much f e r t i l i z e r
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TABLE 39 . —E ffe c t, of th e  mulch tre a tm e n ts  on the w eigh t o f each  o f  th e  
two chrysanthemum c lones on each o f  th r e e  h a rv e s t  d a te s  (D ata  a re  th o se  
w ith  an "acd" s u p e r s c r ip t  o f  Appendix Table 38} LSD v a lu e s  a re  from

Appendix Table 39)

W eight, pounds p e r  chrysanthemum p la n t
Mulch — —— — — — — — — —— ——— ———— —— —

tre a tm e n t 'A r ln r a ',  C;L 'C h r is  C o lu a b u s ', Cg

11 /30 /59 ,
dl

5 /3 /6 0 ,
*2

7 /8 /6 0 ,

d3
1 1 /3 0 /5 9 ,

*1
5 /3 /6 0 ,

dg
7 /8 /6 0 ,

*3

No m ulch, a-^ •30 2.98 1.82 .23 2 .33 2 .78
Woods h av in g s, ag .17 .52 .72 .12 .55 2 .26
W oodchips, a^ .25 .91* 1 .09 .13 .58 1 .96

LSD (a p p lic a b le  o n ly  f o r  th e  d i f f e r e n t  a ' s ) i  $%t 0.31} l£> 0.1*1

TABLE 1*0 .—E f f e c t  o f the mulch tre a tm e n ts  and th e  f e r t i l i z e r  tre a tm e n ts  
on th e  w eig h t o f  each o f  th e  two chrysanthemum c lo n e s  on th e  J u ly  8 , I960 
h a rv e s t  d a te  (D a ta  a re  th o se  w ith  an "abed" s u p e r s c r ip t  a t  th e  d^ le v e l  

o f Appendix Table 38; LSD v a lu es  a r e  from Appendix Table 397

W eight, pounds p e r  chrysanthemum p la n t .
Mulch f o r  the  in d ic a te d  f e r t i l i z e r  r a t e

tre a tm e n t
• A r lo r a ',  c^ 'C h r is  C olum bus', C2

0 l b . , b 1 1 l b . , b 2 2 l b . , b 3 0 l b . , b ^ 1 l b . , b 2 2 l b . , b 3

1 .76 2 .15 1 .5 3 2.1*8 3 .2 5 2 .6 0
*2 1.23 1.1*2 1 .76 1 .72 2 .32 2.73

1 .88 2 .92 1.1*3 1 .5 6 2 .28 2.03

No m ulch, a^ 
Woods hav ings, 
W oodchips, a^

LSD: 5%, 0.53} 1%, 0 .71

was d e tr im e n ta l to  maximum p la n t  g row th . I t  sh o u ld  be n o te d , however, t h a t  

th e  sm a lle r  w e ig h t o f  th e  wo ode hip3-m ulched p la n ts  t r e a te d  w ith  the  2 - 

pound conpared w ith  the  1-pound r a t e  o f f e r t i l i z e r  was a t r e n d  d if fe re n c e  

r a th e r  th an  a  s ig n i f i c a n t  d i f f e r e n c e .

In  c o n t r a s t  w ith  th e  r e s u l t s  d e sc rib e d  in  the p rev io u s  p a rag rap h , 

w ith  each in c re a s e  in  f e r t i l i z e r  n i tro g e n  th e re  was a  co rrespond ing  in 
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c re a s e  in  th e  w eigh t o f the  J u ly  I960 h a rv e s t  o f  bo th  o f th e  ch rysan 

themum c lo n es  mulched w ith  w oodshavings. T h is appears to  in d ic a te  t h a t  

th e  in c re a se d  amount o f  f o l i a r  n i tro g e n  w ith  co rrespond ing  in c re a s e s  i n  

f e r t i l i z e r  n i tro g e n  w ith  th ese  tre a tm e n ts  (Appendix Table 7) was bene

f i c i a l  to  p l a n t  grow th . I t  a lso  in d ic a te s  th a t  th e  a p p lic a t io n  o f  f e r 

t i l i z e r  n i tro g e n  was b e n e f ic ia l  in  c o r re c t in g  a  n itro g e n  d e f ic ie n c y  in  

b o th  p la n ts  mulched w ith  woodshavings•

W eig h t-s ize  r a t i o

R a tio s  o f th e  w e ig h t o f th e  chrysanthemum p la n ts  to  t h e i r  s i z e ,  

a s  a f f e c te d  by th e  f a c t o r i a l  t re a tm e n ts , a re  shown i n  Appendix T able 1*0. 

In  g e n e ra l th e  p la n ts  h a rv e s te d  in  May I960 were abou t tw o -th ird s  a s  

heavy p e r  u n i t  s iz e  a s  th o se  h a rv e s te d  in  J u ly  I960 (Table 1*1). These 

d a ta  a re  rea so n a b ly  com parable fo r  bo th  c lo n es  f o r  any mulch o r  f e r t i 

l i z e r  tre a tm e n t f o r  th e  May h a rv e s t  and a ls o  f o r  th e  J u ly  h a rv e s t  fo r

TABLE 1*1*—E f f e c t  o f th e  mulch tre a tm e n ts  on th e  w e ig h t-s iz e  r a t i o  o f  
each o f th e  two chrysanthemum c lones on each o f two m easuring d a te s  
(D ata  a re  th o se  w ith  an  "acd" s u p e r s c r ip t  o f  th e  Appendix Table 1*0)

W eigh t-size  r a tio  per chrysanthemum plan t

Mulch
treatm ent •Arlora*, C1 ’ Chris Coluatous', Cg

S/60, dx 7/60, S/60, 7/ 60, dg

No mulch, a^ 1.71 3.21 1.37 2.09
Woodshavings, &2 1.69 2.36 1.1*6 2.37
Woodchips, a-j 1.78 3.27 1.1*6 2.23

the ’Chris Columbus1 d o n e .  On the other hand, when averaged over a l l  

three f e r t i l i z e r  l e v e l s ,  the Ju ly  or  second h arvest o f  'Arlora* p la n ts  

mulched w ith  woodshavings was appreciably l ig h te r  than the unmulched
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ones; th e  woodchips-m ulched ones w eighed v i r t u a l l y  th e  sane a s  th e  un - 

mulch ed ones*

The reason the p la i t s  o f the f i r s t  harvest were l im ite r  per u n it  

volume than those o f  the second harvest i s  apparently because o f a  greater  

dry m atter content of the la tte r *  The longer days and warmer s o i l  tem

p eratures that p rev a iled  during the growth period o f  the p lan ts o f  the 

second ta r v e s t  should have re su lted  in  a greater  p h otosyn th etic  pro

duction o f  carbohydrates and consequently a greater amount o f dry matter*

F eijoa  and Ligustrum p la n ts

The d a ta  means f o r  th e  e f f e c t  o f  th e  m u lc h / f e r t i l i z e r  n i tro g e n  

tre a tm e n ts  on growth c h a r a c t e r i s t i c s  o f the  two woody sh rubs a re  p r e 

se n te d  i n  Appendix T ab le  H  f o r  r o o t  w eigh t o f  each o f  th e  sh ru b s  and 

in  Table H3 f o r  l in e a r  sh o o t growth o f th e  F e ijo a  p l a n t s .

Root w eight

The o v e r a ll d iffe r e n c e s  in  the r o o t  w e i# it  samples o f each of the 

two woody shrubs are shown in  Table 1*2. These data have not had the usual 

s t a t i s t i c a l  a n a ly s is  and so the fo llow in g  narrative  concerning them i s  

con servative  in  id e n t ify in g  any d if fe r e n c e s .

Between mulch tre a tm e n ts  i t  ap p ea rs  th a t  in  the  top  1 - to  3 -  

in ch  p a r t  o f th e  s o i l  p r o f i l e  the  amount o f ro o ts  o f  each  shrub was 

g r e a te s t  w ith  m ulching compared w ith  no m ulching; a ls o  t h a t  betw een the  

two mulc h e s  the  r o o t  w eigh t was g r e a te s t  w ith  w oodchips. W ith the  

L igustrum , a s im ila r  p a t t e r n  b u t  of g r e a te r  magnitude was found in  th e  

3 - to  6 - in c h  p a r t  o f  th e  s o i l  p r o f i l e  w h ile  in  the 6 -  to  9 -in c h  p a r t ,  

r o o t  w eigh t was g r e a te r  w ith  woodchips mulch b u t n o t  w ith  w oodshavings. 

W ith th e  F e i jo a ,  th e  amount o f ro o ts  a t  th e  3 - to  6 - in c h  dep th  was 

s im ila r  w ith  a l l  th r e e  mulch tre a tm e n ts ;  a t  the  6 -  to  9 - in c h  d e p th , ro o t
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w eight in  the unmulched and the woodchips-m ulched p la n ts  was s im ila r  

and g r e a te r  th a n  in  woodshavings-m ulched p l a n t s .

Between th e  d i f f e r e n t  l e v e l s  o f  the s o i l  p r o f i l e ,  w ith  no mulch 

r o o t  w eight o f  each  o f th e  shrubs was about o n e -h a lf  a s  much a t  th e  1 -  

to  3 -in ch  dep th  a s  a t  e i t h e r  the  3 -  to  6 - in ch  and th e  6 - to  9 -in ch  

d e p th s . Root w eig h t o f  th e  w oodshavings- and woodchips-m ulched F e ijo a  

p la n t s  was l e s s  w ith  in c re a se d  s o i l  d e p th . Root w eigh t o f  th e  wood

shav ings and th e  wood-chips mulched L ig u s tru n  was g r e a t e s t  a t  th e  3 - to  

6 - in c h  dep th  and s im ila r  a t  th e  1 -  to  3 -in ch  and 6 -  to  9 - in c h  p a r t s  o f  

th e  s o i l  p r o f i l e ,

TABLE U2#—E f f e c t  of th e  mulch tre a tm e n ts  on the  ro o t  w e ig h t of each o f  
th e  two woody shrubs a t  each o f th r e e  sam pling dep ths (D a ta  a re  th o se  

w ith  an "acd" s u p e r s c r ip t  o f  Appendix Table U l)^

Root w e ig h t, grams p e r  p la n t  sam ple, f o r  the 
Mulch in d ic a te d  sam pling depth

treatm ent F e ijo a , ^ Ligustrum, c2

1 -3 " , 3 -6 " ,dg 6 -9 " jd j 1“3",d l  3“6" 'd2 6-9"  ̂

No mulch, a^ .35 ,6U .63 ,38 ,6U .86
Woodshavings, a^ •53 .53 .32 .75  1 .7 5 .72
Woodchips, a^ .71* .55 .57 1 ,01  1 ,62 1 .5 6

^ R e p lic a tio n s  averaged—no s t a t i s t i c a l  a n a ly s is  made.

Between th e  two p la n ts  th e  r o o t  w eight o f  the F e i jo a  was con

s id e ra b ly  l e s s  th a n  th a t  o f  the L igustrum , e s p e c ia l ly  a t  th e  3 - to  6 - in c h  

s o i l  d e p th .
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Linear shoot growth of the  
F eijoa  p lan ts

There was abou t 1*0 p e rc e n t more l in e a r  sh o o t growth f o r  the 

p la n ts  mulched w ith  e i t h e r  woodshavings o r woodchips th an  f o r  th e  un

mulched p la n ts  (Table 1*3) • V isual o b se rv a tio n s  in d ic a te d  th a t  th e  g re a te r  

l i n e a r  shoo t growth under the  fo reg o in g  co n d itio n s  was a  r e s u l t  o f  lo n g er 

in te m o d e s  r a th e r  th an  more o f them* W ith m ulching the  p la n ts  were l e s s  

compact, which, from an a e s th e t ic  s ta n d p o in t, made them le s s  e f f e c t iv e  

as shrub m a te r ia l  in  the u su a l landscape s i tu a t io n *

TABLE 1*3*—'E ffe c t  o f the  mulch tre a tm e n ts  and the f e r t i l i s e r  tre a tm e n ts  
on th e  l in e a r  shoo t growth o f th e  F e ijo a  p la n ts  18 months a f t e r  growing

under th e  trea tm en t d i f f e r e n t i a l s

Mulch
treatment

Linear shoot growth, inches per p la n t,  
in d ica ted  f e r t i l i z e r  rate

fo r  the

0 lb * , t^  1 lb * , bj, 2 l b . ,  b3 Mean

No mulch, a^ 1*77 1*75 595 516
Woodshavings, a2 592 880 996 821*
Woodchips, a . 700 91U 967 860

Mean 590 756 853

LSDi $%, 1563 1%, 206

Such "openness o f growth" as a r e s u lt  of the mulches was not v is u a lly  

apparent far  the Ligustrum plants*

With increased f e r t i l i z e r  r a te s  -there was a corresponding in 

crease in  the lin e a r  shoot growth o f the F eijoa  p lan ts mulched w ith  

e ith e r  woodshavings or woodchips but not fo r  the unmulched p lan ts*

D iscussion

Comparable e f f e c t s  o f the m u lc h /fe r t iliz e r  treatments were 

gen erally  found fo r  each o f  the growth c h a r a c te r is t ic s  studied* In
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sone c a s e s , th e  e f f e c t s  were th e  same w ith  a l l  fo u r o f  th e  in d ic a to r  

p la n t s ,  In  o th e r  eases  th ey  were d ia m e tr ic a l ly  d i f f e r e n t  betw een th e  

herbaceous chrysanthemum p la n ts  and th e  woody shrubs* The more p ro 

nounced of th e se  r e la t io n s h ip s  w i l l  be d isc u sse d  below*

T here was conclusiT e  evidence t h a t  growth was l e s s  f o r  th e  

mulched chrysanthemum p la n ts  and more f o r  the  mulched woody sh ru b s , com

p ared  w ith  t h a t  f o r  th e  unmulched ones* W ith th e  chrysanthemum p la n t s ,  

th e  number o f  stem s, the s iz e ,  and th e  w eig h t o f  each p l a n t  was l e s s  

w ith  e i t h e r  o f the mulches compared w ith  th e  no-mulch trea tm en t*  The 

magnitude o f  d if f e re n c e  was u s u a l ly  g r e a t e s t ,  however, w ith  th e  wood

shav ings mulch* In  c o n t r a s t ,  th e  r o o t  w e ig h t o f  bo th  o f  the woody 

shrubs and th e  l in e a r  sh o o t grow th o f th e  F e j jo a  was more w ith  e i t h e r  

o f the  m ulches*

As was p o in te d  o u t  in  th e  rev iew  o f  l i t e r a t u r e ,  s e v e ra l  w orkers 

have re p o r te d  sm a lle r  y ie ld s  f o r  herbaceous p la n ts  such as co m  (35* W*, 

50 ,  $k, 61, 76) and o th e r  c ro p s  (U t, 5U), w ith  the a p p l ic a t io n  o f  f r e s h  

p la n t  re s id u e  mulches* C onversely , a  few w orkers have re p o r te d  th e  

enhancement o f  e i th e r  th e  y i e ld  o r  v e g e ta tiv e  growth w ith  mulches (3 7 , 

lili, U7, 35)* Lunt (Ul±) concluded  in  p r in c ip le  t h a t  th e  growth o f  p la n ts  

the f i r s t  and sometimes th e  second y e a r  a f t e r  a p p lic a t io n s  of a  wood

ch ips mulch was l e s s  because o f a  t ie u p  o f  n itro g e n  du ring  the  i n i t i a l  

p e r io d  o f o rg an ic  m a tte r  decom position  and t h a t  succeed ing  y e a rs  th e re 

a f t e r ,  w ith  no a d d it io n a l  w oodchips, th e  lo n g -te rm  e f f e c t  o f th e  m ulching 

was an enhancement o f  p la n t  growth* T h is i s  because a f t e r  a  s h o r t  p e r io d  

o f  i n i t i a l  d eco n p o sitlo n  o f  th e  mulch, more n itro g e n  i s  r e le a s e d  than  i s  

u t i l i z e d  by the  decomposing m icroorganism s* In  t h i s  s tu d y , th e  l e s s  

growth o f  th e  mulched chrysanthemum p la n ts  the  f i r s t  y e a r  a f t e r  a p p l i 

c a tio n  of th e  mulches and th e  g r e a te r  growth o f  th e  mulched shrubs in
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succeeding years, in  comparison with the unmulched p la n ts , supports 

a p ortion  o f  Lunt* s aforem entioned conclusion* In essence the b e n e f it s  

o f  mulching are p rim arily  m anifested in  those p la n ts  th a t can be grown 

under a mulch regime fo r  periods longer than the f i r s t  year a f t e r  mulch 

a p p lic a tio n , i . e .  peren n ia l woody plants*

But the r e s u lt s  o f t h is  study not support hunt's con clu sion  

and th a t o f  other workers (U6, 57), to o , th a t the e f f e c t s  o f mulches on 

p la n t growth are prim arily  n itrogen -re la ted *  For, w h ile  growth o f the  

mulched shrubs was greater  than the unmulched shrubs, f o l ia r  n itrogen  

was c o n s is te n t ly  and s u b s ta n t ia lly  lower in  the woodshavings-mulched 

shrubs than in  the unmulched shrubs* In th e  wo ode h ip  s -mule he d shrubs 

i t  was v ir tu a lly  the same a s in  the unmulched ones* T et, those shrubs 

mulched w ith  e ith e r  o f the mulches had comparable and more growth than 

the unmulched ones*

With the chrysanthemum p la n ts , there was l e s s  f o l ia r  n itrogen  

and a lso  l e s s  growth on the May sampling date w ith e ith e r  mulch than 

w ithout mulch* However, th is  cannot be a ttr ib u te d  to  a shortage o f  

n itro g en  s in ce  in  both c lon es an in crea se  in  f e r t i l i z e r  n itrogen  had 

no e f f e c t  on the amount o f  f o l ia r  n itrogen  nor on any o f  the growth 

c h a r a c te r is t ic s .  The d i f f e r e n t ia l  amount o f  f o l ia r  n itrogen  and growth 

c h a r a c te r is t ic s , th ere fo re , must have been due to some p h y sica l aspect 

o f the environment. As shown in  th e  review  o f  l i t e r a tu r e , com  y ie ld s  

were found to  be much sm aller  under deconpo sab le  mulch t i l l a g e  than under 

a c u ltu r a l p ra c tic e  where the organic m ateria l had been incorporated  

in to  the s o i l*  The workers a ttr ib u ted  th is  to  lower s o i l  temperatures 

under the mulch (se e  page l»). In the p resen t study, the tenperature  

d if f e r e n t ia ls  between the mulched and the unmulched s o i l  do not seem to  

have been grea t enough to e n t ir e ly  account fo r  such a large  growth



93

d i f f e r e n t i a l  a s o ccu rred  in  the  chrysanthemum p la n ts  (T able 8) f o r  th e  

May sam pling . An acconpanying cause  may have been  a low er oxygen supp ly  

co rresp o n d in g  to  the  g r e a te r  amount o f  m oistu re  i n  the  mulched s o i l .  I f  

oxygen had been l im i t in g ,  r e s p i r a t io n  would have been checked in  which 

c a se  c e l l  membranes would have been l e s s  perm eable (1*8, p .  2U*). As a  

consequence th e re  would have been l e s s  a b so rp tio n  o f  w a ter and l e s s  

accum ulation  o f  e le c t r o ly te s  in  th e  ro o t  c e l l s  (li8 , p . 6 3 7 ) . The n e t  

r e s u l t s  shou ld  have been l e s s  growth of th e  chrysanthemum p l a n t s .

I t  seems p robab le  th a t  the  2-pound r a t e  o f  f e r t i l i z e r  had 

d e le te r io u s  e f f e c t s  in  some c a s e s .  The stem  num ber, th e  s i z e ,  and th e  

w eigh t o f  b o th  chrysanthemum c lo n es  and th e  r o o t  w eight o f b o th  shrubs 

was u s u a l ly  l e s s  w hile  f o l i a r  n i tro g e n  was u s u a l ly  h ig h es t in  the  un

mulched p la n ts  f e r t i l i z e d  w ith  th e  2-pound compared w ith  th e  1-pound r a t e  

o f  f e r t i l i z e r  and o c c a s io n a l ly  in  th e  woodchips-m ulched p la n t s  th a t  were 

f e r t i l i z e d  l ik e w is e . O rd in a r i ly , two pounds o f  f e r t i l i z e r  n itro g e n  

sh o u ld  n o t be to o  much to  apply  w ith  th e  q u a n ti ty  o f  mulches used  in  

t h i s  s tu d y . However, i t  i s  w e ll t o  remember t h a t  a t  the beg inn ing  o f  th e  

s tu d y  and f o r  s e v e ra l  months t h e r e a f t e r ,  th e re  was an u n u su a lly  la rg e  

amount o f n i t r a t e  n itro g e n  in  th e  s o i l .  W ith th e  a d d it io n  o f  the  2-pound 

r a t e  o f f e r t i l i z e r  n i t ro g e n , i t  i s  reasonab le  t h a t  the  amount accum ulat

in g  w ith in  th e  p la n ts  was a  d e te re n t  to  maximum p la n t  g row th . I f  s o , th e  

and 14.00 p e rc e n t f o l i a r  n i tro g e n  in  th e  unmulched Ju ly -sam pled  

•A rlora* and 'C h r is  Columbus* chrysanthemum p la n t s  r e s p e c t iv e ly  th a t  had  

been  t r e a te d  w ith  th e  2-pound r a te  o f  f e r t i l i z e r  would be i n  th e  excess 

c o n c e n tra tio n  ra n g e . Henley (28) re p o r te d  no ad v erse  e f f e c t s  on c h ry s

anthemum p la n ts  in  which th e  f o l i a r  n i tro g e n  was a s  h igh  as 5 .0 5  p e rc e n t .  

However, th e s e  were U-week-old p l a n t s .  He found th a t  th e  f o l i a r  n i t r o 

gen c o n c e n tra tio n  o f  s im i la r ly  grown lh -w eek -o ld  p la n ts  was 3»9h p e rc e n t .
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The la t t e r  p la n ts  were o f  comparable age to  those sampled in  the  

p resen t study*

As noted in  the d iscu ssio n  on f o l ia r  phosphorus, th e  amount of  

th a t elem ent in  the woodchips-mulched and the unmulched p la n ts  was 

v ir tu a lly  the same, e s p e c ia l ly  w ith  no f e r t i l i z e r ,  whereas w ith  the wood- 

shavings-mulched p lan ts there was u su a lly  l e s s  f o l ia r  phosphorus w ith  

increased  r a te s  o f  the f e r t i l i z e r *  I f  the le s s e r  amount o f  f o l ia r  phos

phorus in  the p la n ts  supp lied  w ith  the h igher ra tes  o f  f e r t i l i z e r  were 

due to  a d ilu t io n  e f f e c t  then the growth o f  the p la n ts  should have been 

correspondingly more w ith  the more n itr o g e n /le s s  f o l i a r  phosphorus re

la t io n s h ip . As such, the growth o f  the p la n ts  should have been com

parable and more w ith the no-mulch and the woodchips treatm ents than 

w ith  the woodshavings mulch treatm ent. However, th a t was not the case*  

In stea d , the g r ea te s t  amount o f  shoot growth was found in  the woo dc h ip s-  

and th e  woodshavings-raulched p la n ts; the l e a s t  in  the unmulched p lants*  

These comparisons are shown in  Table bh* I t  seems reasonable to  conclude, 

th ere fo re , th a t the pattern  o f  the f o l ia r  phosphorus being h ig h est when 

the f o l ia r  n itrogen  was low est was not a d ilu t io n  e f f e c t  but rather an 

a n ta g o n istic  e ffe c t*

TABLE Uiw—E ffe c ts  o f the mulch treatm ents on f o l ia r  n itro g en , fo l ia r  
phosphorus, and lin e a r  shoot growth o f  the F eijoa  p la n ts  (data are from

Appendix Tables 9 and 13 and Table U3, r e sp e c t iv e ly )

Mulch F o lia r  F o lia r  Shoot
treatm ent n itrogen  phosphorus growth

percent percent centim eters
No mulch 1*79 .163 £L$
Woodshavings 1*50 .217 821*
Woodchips 1 .77  .17U 860
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In  th e  d is c u s s io n  concern ing  f o l i a r  ca lc ium  and magnesium, i t  

was suggested  t h a t  th e  rea so n  the  c o n c e n tra tio n  o f  th e s e  two n u t r ie n t  

e lem ents was low er in  th e  mulched th an  in  th e  unmulched p la n ts  may have 

been due in  p a r t  to  th e  r o o t  d i s t r ib u t io n  p a t te r n  i n  th e  s o i l  p r o f i le *  

This prem ise was based  on the c o n s id e ra tio n  t h a t  w hile  th e  ro o ts  o f  th e  

unmulched p la n ts  were p ro b ab ly  d i s t r ib u t e d  more o r  l e s s  ev en ly  th rough

o u t th e  s o i l  p r o f i l e  to  a  rea so n ab le  d ep th , th o se  o f th e  mulched p la n t s  

must have been c o n c e n tra te d  near th e  s o i l  su r fa c e  in  th a t  p a r t  o f th e  

s o i l  p r o f i l e  having th e  l e a s t  amounts o f a v a i la b le  calcium  and magnesium* 

Such a ro o t  d i s t r ib u t io n  p a t te r n  w as, i n  f a c t ,  found w ith  each o f th e  

woody sh ru b s . I t  i s  s u rp r is in g  t h a t  t h i s  concep t has re c e iv e d  so l i t t l e  

a t t e n t io n  in  the  l i t e r a t u r e ,  s in c e  i t  r e c o n c i le s  th e  f in d in g s  th a t  

m ulching enhances th e  a v a i l a b i l i t y  o f  calcium  and magnesium (37 , h i t  58, 

80) w ith  the  f in d in g s  o f  lower c o n c e n tra tio n s  o f these  two n u t r ie n ts  in  

mulched th an  in  unmulched p la n ts  (2 6 , 58, 8 0 ) .

G eneral D iscu ss io n

This p ortion  o f the d is se r ta t io n  i s  supplementary to  the d is 

cu ssion  presented in  each o f the various subparts* I t  concerns r e s u lt s  

w ith in  those subparts th a t are most meaningful when r e la te d  to  one anoth

er and which, consequently , were n o t presented in  previous d iscu ssion *

No c o n s is te n t  r e la tio n sh ip  was found between the amount o f the  

various n u trien ts in  the s o i l  and th e ir  concentration  in  the in d ica to r  

p la n ts . While t o t a l  nitrogen o f the s o i l  was h ig h est fo r  the woodchips 

treatm ent over th a t fo r  the no-mulch and the woodshavings treatm ents, 

f o l ia r  n itrogen  o f  the in d ica to r  p la n ts  was h ig h e s t  in  the unmulched 

and the woodchips-mulched p lan ts and low est in  the woods ha vings-raulch ed 

ones. In the two woody shrubs, th e  amount of f o l ia r  phosphorus was
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about kO percent more fo r  the woodshavings trea tn en t over th a t in  e ith e r  

the no-mulch or the woodchips treatm ents w h ile  the amount o f  s o i l  phos

phorus was much the l e s s  fo r  the woodshavings treatment con^ared w ith  the  

other treatm en ts. The p a ttern  o f  th ese  data suggests th a t the s o i l  

phosphorus n ig h t have been low est fo r  the woodshavings treatm ent due to  

more phosphorus being absorbed in to  the woodshavings-mulched p lan ts • The 

same l in e  o f  reasoning cannot be fo llow ed  fo r  potassium , however, s in c e  

the amount o f that n u tr ie n t element in  both the s o i l  and the fo lia g e  o f  

the in d ica to r  p lan ts was u su a lly  correspondingly low est fo r  the wood

shavings treatment* I t  i s  apparent from th ese  data th a t i t  would be un

w ise  to sp ecu la te  about the adequacy o f  the aforem entioned n u trien ts on 

th e  b a s is  o f th e ir  amount in  the so il*

Noteworthy about the f o l i a r  n u tr ien t concen trations was the con

stancy o f  d ifferen ce  between the herbaceous and the woody plants*

T ypical o f  th is  was the gross average f o l ia r  n itrogen  o f  3*55 percent 

fo r  the chrysanthemum clon es opposed to  1*69 percent for  the woody 

shrubs* A c tu a lly , v a r ia tio n  in  the concentration  o f a f o l ia r  n u tr ien t  

between d if fe r e n t  kinds o f p la n ts  i s  w e ll known even between clon es o f  

the same p la n t sp ec ie s  (20 , 29, 30, 55, 62, 8U)* Of the two chrysan

themum clon es used in  th is  study, the f o l ia r  concentration  o f n itro g en , 

potassium , and sodium was h ig h est in  the 'Arlora* clone fo r  both sam

p lin g s ;  th a t fo r  phosphorus, magnesium, and manganese was h ighest in  

the 'A rlora' clone fo r  the May a a rap l in g  on ly  and in  the 'Chris Columbus’ 

clone fo r  the Ju ly  sanpling* P a r e n th e tic a lly , even though p lan t c lo n es  

are o rd in a r ily  s e le c te d  because o f  some unique m orphological character

i s t i c ,  i t  i s  apparent from these r e s u lt s  th a t clon es o f  a s in g le  p la n t  

sp ec ie s  may have p h y s io lo g ic a l d if fe r e n c e s , too* For th is  reason, the  

r e su lts  o f  a p h y s io lo g ic a l study o f  one clon e o f  a p la n t sp ec ie s  may
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n o t  be a p p lic a b le  to  o th e r  c lo n e s  o f t h a t  sp e c ie s  a s  H ew lett (30) found 

w ith  c e r ta in  v e g e tab le  c ro p s .

D esp ite  any c lo n a l  d i f f e re n c e s  i n  f o l i a r  n u t r ie n t  c o n c e n tra t io n , 

w herever a  tre a tm e n t caused  a  low er c o n c e n tra tio n  o f  f o l i a r  n i tro g e n  in  

th e  chrysanthemum p la n t s ,  any change i n  th e  amount o f  th e  v a rio u s  o th e r  

f o l i a r  n u t r ie n ts  was com parable f o r  bo th  c lo n e s  a s  denoted  sc h e m a tic a lly  

in  Appendix Table U7 •

A nother p o in t  o f i n t e r e s t ,  shown in  Appendix Table Ult  i s  t h a t  

w ith  a  d im inu tion  in  the  c o n c e n tra tio n  o f  f o l i a r  n i t ro g e n , th e  change 

in  the  amount o f  f o l i a r  phosphorus and f o l i a r  po tassium  was u s u a l ly  

downward f o r  th e  chrysanthemum c lones and upward f o r  th e  woody sh ru b s . 

For th e  o th e r  n u t r i e n t s  s tu d ie d , th e  d i r e c t io n  o f change was c o l la r a b le  

in  a l l  o f th e  in d ic a to r  p l a n t s .



SUMMARY AMD CONCLUSIONS

F ie ld  in v e s t ig a t io n s  were conducted to  e lu c id a te  th e  e f f e c t s  o f 

two wood fragm ent mulches and  f e r t i l i z e r  n i tro g e n  on th e  c o n c e n tra tio n  

o f  p l a n t  n u t r ie n ts  and th e  amount o f  v e g e ta t iv e  growth o f fo u r  k inds 

o f in d ic a to r  p la n ts *  Woodshavings o f d o u g la s - f i r  wood and woodchips o f 

p ru n in g s o f  p r im a r i ly  E ucalyp tus cam aldu lensls  were employed a s  th e  

mulches* The f e r t i l i z e r  n i tro g e n  was ca lc iu m  n i t r a te *  The I n d ic a to r  

p la n ts  were two c lo n e s  o f  Chrysanthemum m orifoH um  and two woody 

sh ru b s , namely F e i jo a  se llo w ia n a  and L igustrum  japonicum * Q u a n tita t iv e  

d a ta  were o b ta in e d  by chem ical a n a ly se s  o f  the s o i l  and p la n t  p ro p e r t ie s  

and b y  p h y s ic a l m easurements o f the p la n ts *  The p r in c ip a l  f in d in g s  from  

th e  in v e s t ig a t io n s  a re  enum erated below* U nless o th e rw ise  in d ic a te d , 

th e  r e s u l t s  d e sc r ib e d  a re  th o se  o b ta in e d  abou t two y e a rs  a f t e r  t r e a t 

ment a p p l ic a t io n .  A lso , any re fe re n c e  t o  th e  woodshavings mulch t r e a t 

ment o r  th e  woodchips m ilch tre a tm e n t o r  to  a  c e r t a in  f e r t i l i z e r  n i t r o 

gen tre a tm e n t im p lie s  a com parison w ith  th e  no-mulch o r  th e  n o - f e r t i -  

l i z e r  n i tro g e n  t r e a tm e n t,  w hichever th e  ca se  may be*

1* E i th e r  mulch r e s u l te d  i n  s u f f i c i e n t  in s u la t io n  to  m ain ta in  

th e  s o i l  c o n s id e ra b ly  c o o le r  i n  the  summer and to  g r e a t ly  reduce m oistu re  

lo s s  by  evaporation*

2 , Mulching appeared  to  have had l i t t l e  a c id ify in g  e f f e c t  on 

s o i l  r e a c t io n .  The p r in c ip a l  change in  th e  s o i l  pH was to  a  more a lk a 

l in e  c o n d itio n  o f  th e  unmulched s o i l  only* T his i s  a t t r i b u t e d  to  

more c a t io n  accum ulation  in  t h a t  s o i l  th a n  in  th e  mulched s o i ls *

98
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3 , Mulching a ls o  a f f e c te d  o th e r  s o i l  p r o p e r t ie s  in  much th e  

same manner as p rev io u s  s tu d ie s  have shown. S o i l  o rg an ic  m a tte r  was 

s l i g h t l y  h ig h e r  in  th e  woodchips-m ulched s o i l  a f t e r  two y e a rs  b u t  n o t  

in  e i t h e r  th e  w oodshavings-m ulched s o i l  o r  th e  unmulched s o i l .  This 

d i f f e r e n t i a l  between th e  two mulched s o i l s  a p p a re n tly  was because the  

woodchips mulch underw ent d e c o p o s i t io n  so much f a s t e r  than  d id  th e  

woodshavings m ulch. T o ta l n i tro g e n  o f  th e  s o i l  was unchanged w ith  

w oodchips; s u b s ta n t ia l ly  l e s s  w ith  th e  woodshavings and no-mulch t r e a t 

m ents, S o i l  phosphorus was more w ith  woodchips,  l e s s  w ith  w oodshavings, 

and unchanged w ith  no m ulch. A v a ila b le  po tassium  was unchanged w ith  

woodchips and low er w ith  th e  o th e r  two tre a tm e n ts ,

U« F o l ia r  n i tro g e n  was o f te n  low er w ith  m ulching e s p e c ia l ly  

w ith  th e  woodshavings mulch and som etim es, though n o t a lw ays, t h i s  con

d i t io n  was a v e rte d  w ith  f e r t i l i z e r  n i t r o g e n .  On one sam pling d a te , 

t h a t  in  J u ly  I960, th e  amount o f f o l i a r  n i tro g e n  in  e i t h e r  ch ry san th e 

mum c lo n e  v a r ie d  d i r e c t l y  w ith  th e  f e r t i l i z e r  n i tro g e n  r a t e .  However, 

th e  m agnitude o f  in c re a s e  w ith  in c re a se d  f e r t i l i z e r  n i tro g e n  was 

g r e a te s t  w ith  th e  woodshavings t re a tm e n t. On an e a r l i e r  sa n p lin g  d a te  

i n  I960 , t h a t  in  May,  th e  amount o f  f o l i a r  n i tro g e n  d id  n o t v a ry  betw een 

f e r t i l i z e r  n i tro g e n  l e v e l s .  In  bo th  o f  th e  woocfcr sh ru b s , f o l i a r  n i t r o 

gen was c o n s is te n t ly  low er on a l l  th r e e  s a i l i n g  d a te s  when mulched w ith  

w oodshavings; in  th e  woodchips-m ulched ones i t  was th e  same a s  in  th e  un

mulched o n es . W ith in c re a s e d  le v e ls  o f f e r t i l i z e r  n i tro g e n , th e re  was 

co rre sp o n d in g ly  more f o l i a r  n i tro g e n  in  each o f  th e  woody sh rubs in  

O ctober, I9 6 0 , T his p a t t e r n  ebbed in  th e  L igustrum  in  June  and J u ly ,  

1961, w h ile  in  th e  F e i jo a  i t  was t o t a l l y  a b s e n t ,

5 , F o l ia r  phosphorus was a f f e c te d  d i f f e r e n t ly  in  the  two chrys

anthemum c lo n e s , Fbr th e  May i 960  s a i l i n g  o f  the  'A r lo r a ' c lo n e , i t
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was low er w ith  woodshavings mulch and unchanged w ith  w oodchips. Sim i

l a r i t y ,  in  J u ly ,  f o l i a r  phosphorus tre n d e d  h ig h e r  w ith  woodshavings and 

w as, indeed , h ig h e r  w ith  w oodchips. In  th e  'C h r is  Columbus1 c lo n e  i t  

was h ig h e r w ith  woodshavings and h ig h e r s t i l l  w ith  th e  woodchips i n  b o th  

May and J u ly  i 9 6 0 .  With in c re a s e d  f e r t i l i z e r  n itro g e n  r a t e s ,  th e  amount 

o f  f o l i a r  phosphorus o f  th e  chrysanthemum p la n t s  was unchanged. I n  

O ctober I960 and June and J u ly  1961 the amount o f  f o l i a r  phosphorus o f 

each woody sh rub  was v i r t u a l l y  th e  sane w ith  th e  no-mulch and th e  wood

c h ip s .  In  com parison w ith  th e s e ,  i t  was m arkedly more w ith  w oodshavings. 

W ith in c re a s e d  r a t e s  o f  f e r t i l i z e r  n i t ro g e n ,  f o l i a r  phosphorus i n  th e  

F e i jo a  and L igustrum  shrubs was c o rre sp o n d in g ly  l e s s .  In  the  woody 

sh rubs i t  was p r a c t i c a l l y  th e  same on a l l  th r e e  sam pling d a te s .  V ir

t u a l l y  th e  same amount was found  in  each o f  th e  two woody s h ru b s .

6 . The amount o f f o l i a r  p o tassiu m  was g e n e ra lly  leBS w ith  

m ulching b u t t h i s  p a t te r n  was sometimes la c k in g  w ith  th e  a p p lic a t io n  

o f  f e r t i l i z e r  n i t r o g e n .  F o l i a r  po tassium  o f  th e  unmulched and th e  

w ood-chips-m ulched p la n ts  was o f  com parable v a lu e  i n  b o th  c lones f o r  

th e  May and J u ly  I960 sam p lin g s . W ith th e  woods ha vings-m ulch t r e a t 

m ent, i t  was l e s s  in  th e  'A rlo ra*  c lone on ly  f o r  th e  J u ly  sam pling and 

in  th e  'C h ris  Columbus1 c lone  f o r  b o th  th e  May and J u ly  sam plings. W ith 

in c re a s e d  r a t e s  o f  f e r t i l i z e r  n i tro g e n , th e  amount o f  f o l i a r  p o tassiu m  

was unchanged f o r  th e  May i 960  sam pling b u t  was co rre sp o n d in g ly  g r e a te r  

two months l a t e r  i n  J u ly . W ith th e  woody sh ru b s , th e  g r e a te s t  amount 

o f  f o l i a r  p o tass iu m  was found in  the  u n f e r t i l i z e d  woodshavings-m ulched 

p l a n t s .  T his p a t t e r n  p re v a i le d  i n  bo th  sh ru b s and i n  b o th  th e  May and 

J u ly  s a n p lin g s . O therw ise th e re  was no d e f in i t e  p a t t e r n  in  the  amount 

o f  f o l i a r  p o tassiu m  in  r e l a t i o n  to  th e  m u lc h / f e r t i l i z e r  n itro g e n  t r e a t 

m ents f o r  th e  woody sh ru b s .
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7* L i t t l e  d if fe re n c e  was found  f o r  th e  f o l i a r  sodium betw een 

the mulch and f e r t i l i z e r  trea tm e n ts*  In  the  chiysanthem im  c lo n e s  i t  

was on ly  s l i g h t l y  i f  a t  a l l  d i f f e r e n t  between th e  mulch tre a tm e n ts ;  

w ith  in c re a se d  r a t e s  o f f e r t i l i z e r  n i tro g e n  i t  tre n d e d  lower* With th e  

two woody sh ru b s , th e  amount o f  f o l i a r  sodium was c o n s ta n t betw een 

mulch trea tm e n ts  f o r  the  sam plings i n  June and J u ly  1961, w h ile  f o r  th e  

O ctober I960 s a i l i n g  i t  was l e s s  f o r  th e  mulched p la n ts  th a n  f o r  th e  

unmulched ones*

8* F o l ia r  ca lc ium  was low er i n  a l l  fo u r  in d ic a to r  p la n t s  when 

mulched w ith  e i t h e r  th e  woodshavings o r  th e  woodchips* W ith th e  woody 

sh ru b s , however, th e  m agnitude o f  d if fe re n c e  was g r e a te s t  betw een th e  

woodshavings-m ulched p la n ts  and th e  unmulched ones* W ith in c re a se d  

r a t e s  o f  f e r t i l i z e r  n itro g e n  th e re  was a  co rrespond ing  in c re a s e  in  

f o l i a r  calcium  o f  th e  two woody shrubs*

9* As w ith  f o l i a r  calcium , f o l i a r  magnesium was m arkedly low er 

in  a l l  fo u r  in d ic a to r  p la n ts  w ith  mulching* Only in  th e  w oodshavings- 

mulched L igustrum  was i t  low er th an  in  th e  unmulched p la n ts  and t h i s  

on ly  f o r  the June and  J u ly  1961 sam p lings. In c re a se d  r a t e s  o f  f e r t i 

l i z e r  n itro g e n  had no e f f e c t  on th e  amount o f f o l i a r  magnesium*

10* F o l ia r  manganese tren d e d  low er i n  th e  mulched chrysanthemum 

p la n ts *  With in c re a s e d  f e r t i l i z e r  n i tro g e n , th e re  was a  co rrespond ing  

in c re a s e  o f  i t  in  th e  chrysanthemum c lo n es  f o r  th e  J u ly  b u t  n o t f o r  the 

May sam pling* The p r in c ip a l  d i f f e re n c e  in  t h i s  n u t r ie n t  e lem en t in  th e  

two woody shrubs was th e  s u b s ta n t ia l ly  low er amount in  th e  w oodchips- 

mulched Ligustrum  p la n ts  compared w ith  th a t  i n  th e  unmulched ones* 

F o l ia r  manganese was abou t 3 tim es l e s s  in  th e  F e ijo a  th an  in  th e  

L igustrum  p la n ts*
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11* A d e s c r ip t io n  o f  th e  g e n e ra l  p a t t e r n  o f  th e  change o f 

v a rio u s  n u t r i e n t  e lem en ts in  the f o l ia g e  o f  th e  in d ic a to r  p la n t s  w ith  

a d im in u tiv e  change i n  f o l i a r  n i t r o g e n  fo llow s*

a* Phosphorus* I n  bo th  chrysanthemum c lo n e s , phosphorus was 

e i t h e r  low er o r  i t  tre n d e d  lower w ith  th e  mulch tre a tm e n ts ;  was unchanged 

w ith  th e  f e r t i l i z e r  trea tm en ts*  I n  th e  F e jjo a  and L igustrum  th e  phos

phorus was e i t h e r  h ig h e r  o r  o f  a  h ig h e r  tre n d  w ith  th e  mulch tre a tm e n ts  

and g e n e ra l ly  unchanged w ith  th e  f e r t i l i z e r  trea tm e n ts*

b* P o tassium * The f o l i a r  p o tassiu m  fo llo w ed  a p a t t e r n  s im ila r  

to  th a t  o f  phosphorus b u t by a g r e a t e r  magnitude o f  d if fe re n c e *  W ith 

th e  chrysanthemum c lo n e s  i t  was g e n e ra l ly  low er w ith  b o th  m ulch and 

f e r t i l i z e r  n i tro g e n  tre a tm e n t f a c to r s  on the  J u ly  I960 sam pling d a te ,  

b u t  unchanged on th e  May i 960 sam pling* With F e i jo a  and L igustrum  

th e re  was a  d e f in i te  in c re a s e  in  f o l i a r  po tassium  w ith  a  d im in u tiv e  

change in  f o l i a r  n itro g e n *

c* Sodium* W ith  only two e x c e p tio n s , f o l i a r  sodium was un

changed w ith  any d im in u tiv e  change i n  f o l i a r  n itro g e n *

d .  Calcium* In  about h a l f  o f  the c a se s  where f o l i a r  n i tro g e n  

was low er so a ls o  was f o l i a r  calcium * O therw ise f o l i a r  ca lc ium  was un

changed re g a rd le s s  o f  a  d im inu tive  change in  f o l i a r  n itro g en *

e* Magnesium* F o l ia r  magnesium was u s u a l ly  low er anytim e th e  

f o l i a r  n i tro g e n  was lower*

f*  Manganese,  O ccasio n a lly  f o l i a r  manganese was low er bu t 

u s u a l ly  i t  was unchanged whenever th e  f o l i a r  n i tro g e n  was lower*

12* L inear sh o o t growth o f  th e  chrysanthemum p la n ts  was ad v erse 

ly  a f f e c te d  try m ulching; t h a t  o f  th e  woody sh ru b s  was a p p a re n tly  enhanced* 

There was f a r  few er stem s p e r  p la n t  i n  the  mulched chrysanthemum p la n ts*

By A p r i l  i 960 sp r in g  reg row th  o f th e  unmulched ones was p r a c t i c a l l y
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maximal w hereas the mulched ones were abou t fo u r  tim es s m a lle r .  The 

stem  w eight o f  th e  woodshavings-m ulched ones, when h a rv e s te d  in  May 

and again  i n  J u ly  i 960 , was a s  much a s  th re e  tim es l i g h t e r  than  th e  

unmulched o n e s . Those h a rv e s te d  in  J u ly  I960 were h e a v ie s t  where th e y  

were e i th e r  unmulched o r  e ls e  mulched w ith  woodchips and f e r t i l i z e d  

w ith  one pound o f  n i tro g e n . The la c k  o f  s im ila r  w eigh t in c re a s e  f o r  

th e  unmulched and th e  woodchips-m ulched p la n ts  f e r t i l i z e d  w ith  two 

pounds o f n itro g e n  i s  a t t r i b u t e d  to  in c ip ie n t  t o x i c i t y  r e s u l t in g  from 

excess n i t r o g e n .

13 . The growth o f th e  ro o ts  o f  th e  woody sh ru b s , p a r t i c u l a r l y  

t h e i r  d i s t r ib u t io n  in  th e  s o i l  p r o f i l e ,  was a p p a re n tly  a f f e c te d  by th e  

m ulch tre a tm e n ts . Roots o f  th e  mulched sh rubs were c o n c e n tra te d  in  

th e  top  1 -  to  3- in c h  p o r t io n  o f  th e  s o i l  p r o f i l e ;  th o se  o f  th e  unmulched 

shrubs were more even ly  d i s t r ib u t e d  th roughou t th e  s o i l  p r o f i l e  to  a  

more c o n v en tio n a l d ep th . Gross w eigh t o f th e  F e ijo a  ro o ts  was un

a f f e c te d  by th e  mulch tre a tm e n ts ;  t h a t  o f  th e  L igustrum  ro o ts  was sub

s t a n t i a l l y  h e a v ie r  w ith  m ulching.

111.  In  c o n c lu s io n , under th e  c o n d itio n s  o f t h i s  s tu d y , th e  

o v e r a l l  r e s u l t s  in d ic a te  th a t  th e  k in d  o f decoaposab le  o rg an ic  m a te r ia l  

u sed  f o r  m ulching has a  pronounced e f f e c t  on th e  c o n c e n tra tio n  o f  a t  

l e a s t  some o f th e  n u t r i e n t  e lem ents i n  p la n t s .  F o r in s ta n c e , on many 

o f  th e  sam pling d a te s ,  f o l i a r  n i tro g e n  was c o n s id e ra b ly  l e s s  w ith  th e  

woodshavings th an  w ith  th e  no-m ulch tre a tm e n t. Ctt th e  o th e r  hand, 

w ith  woodchips, which c o n ta in e d  much more n itro g e n  th an  d id  th e  wood

sh a v in g s , f o l i a r  n i tro g e n  was o f te n  com parable to  t h a t  found in  th e  

unmulched p l a n t s .  The s t a tu s  o f  f o l i a r  n i tro g e n  o f  th e  in d ic a to r  

p la n t s  was sometimes improved w ith  the  a p p lic a t io n  o f  f e r t i l i z e r
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n itrogen*  But in  f i n a l  a n a ly s is ,  i n  te n se  o f  maximum grow th, mulching 

had an adverse  e f f e c t  on th e  chrysanthemum p la n ts  and a b e n e f ic ia l  

e f f e c t  on th e  wooc(y shrubs* A lso , th e  b e n e f i t  of using  f e r t i l i z e r  

n itro g e n  w ith  e i th e r  o f th e  mulches was n o t dem onstrated*
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APPENDIX TABLE 1

A rep resen ta tiv e  s p l i t - s p l i t - p l o t  a n a ly s is  o f  variance ta b le , t h is  fo r  
th e  amount of n itr o g e n , percentage dry weight b a s is ,  in  the f o l ia g e  o f  
two p la n t  taxa, C ( Chrysanthemum 'A rlora' and Chrysanthemum 'C hris 
Columbus'), on two d a te s , D '(Kay'2 and July 2," i9 6 0 ) due to f a c t o r ia l  
treatm ents o f three l e v e ls  o f mulch, A (none, woodshavings, and wood
c h ip s ) ,  and three l e v e l s  o f f e r t i l i z e r ,  B (0 , 1 , and 2 pounds o f  e le 
mental n itrogen , derived  from calcium  n itr a te , per 1000 square f e e t )*

S ources df
Mean

square F F.95 F*99
(w h  o 1 e -  u n i t  a n a l y s i s )

R e p lic a te s ,  R 5 .051 <1 2.1i5 3.51
C u ltu r a l  t r e a tm 't s ,  (CT) (8) ___ ---- — -

M ulches, A 2 5.628 36.08** 3.23 5.18
F e r t i l i z e r s ,  B 2 2.516 16.13** 3.23 5.18
AB i .317 2.38 2.61 3.85

E r ro r  (a ) Uo .156 ---- ---- —

W h o le-u n it t o t a l 53 — ---- ----

( s u b - u n i t a n a l y  s I s )
P la n t s ,  C 1 8.272 86.17** :;.o6 7.26
(CT)C (8) ---- — - — —-

AC 2 1.761 1 8 .3U** 3.21 5.13
BC 2 0.023 <1 3.21 5.13
ABC h 0.077 <1 2.59 3.80

E rro r  (b ) U5 0.096 — — ----
S u b -u n it t o t a l 5ii — — - — —

( s u b  -  s u b -  u n i  t  a n a 1 v  s i  s)
Sam pling d a te s , D 1 15.770 UiU.31** 3.95 6 .93
(CT)D (8) ---- — — —

AD 2 3 .0 6 2 29.73** 3.10 h.87
BD 2 2.036 19.77** 3.10 b.S7
ABD li .302 2.93* 2.U3 3.56

CD 1 •U71 U.57* 3.95 6.83
(CT)CD 8 — ——— —

ACD 2 .678 6.58** 3 .10 li.87
BCD 2 .0U0 <1 3.10 li.87
ABCD li .066 <1 2.h8 3.56

E rro r  ( c ) 90 .103 — —
S u b -su b -u n it t o t a l 108 ---- —
Grand t o t a l 215 ---- — --------- —

*  and ** in d ic a te  s ig n if ic a n c e  a t the 5 and 1 percent le v e ls
r e s p e c t iv e ly .
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APPENDIX TABLE 2
Analysea of variance mean squares for  the e f f e c t  o f the mulch and f e r t i l i z e r  fa c to r ia l  treatments

on s o i l  properties-*-

Source o f Degrees Mean square
Variation o f N itrate Total Phosphate Exchangeable

Freedom Temperature^ Moisture ‘ pH Organic matter nitrogen nitrogen phosphorus potassium

R eplicates 5 n,li7** 5.71 ,09 .69 10203 .01 60.95 2291

Treatments
Mulch (A) 2 181. 1$** 1400,63** .76** 1. 18* 186696 .13** li 91* .13** 29U81**
F e r t il iz e r (B) 2 0,08 19.16 .10 .02 Ili9l63 .00 39.93 9395*
A x B li 1.12 9.06 .07 .13 53127 .01 37.71 2386

Error (a) Uo l .$2 9.7li .09 .30 76070 .01 U1.68 2619
Measuring

date (C) 2 9762.79**
A x C li 169.92**
B x C li .69
A x B x C 8 1.09

Error (b) 90 1.31

Symbols * and ** ind icate  s ig n ifica n ce  a t  9 and 1 percent l e v e ls ,  r e sp ec tiv e ly . S ign ifican ce  
of each was determined by ca lcu la tin g  the F-value (the treatment datum divided by the appropriate error  
datum) and comparing i t  with the tabular F -value. The F-values needed for s ig n ifica n ce  are shown below:

Numerator (treatm ent) df/Denominator (error) df
Probability  of a larger F-value 2/UO li/iiO 2/90 it/90 1

o
|

001

.09 3.23 2.61 3.11 2.149 2.06

.01 5.13 3.85 It.88 3.56 2.73
p

Factor C and a l l  in teraction s containing i t  were analyzed as a su b-u n it.



APPENDIX TABLE 3

S o i l  tem p era tu re  a t  a  dep th  o f  20 c e n tim e te rs  on th re e  d a te 3 , C (A ugust 
16, i 960 , March 21, 1961 , and May 27, 196 l )  due to  f a c t o r i a l  tre a tm e n ts  
o f th re e  l e v e ls  o f  mulch, A (none. woodshavings, and w oodchips) and th r e e  
l e v e l s  of f e r t i l i s e r ,  B(0, 1 , ana  2 l b .  o f  e le m e n ta l n i t r o g e n  from  c a l 

cium n i t r a t e  p e r  1000 sq u a re  f e e t ) .^ ^ ^

C ultural 
A ■

treatm ent 
+ B

'Soil tem perature, degrees F, for  the  
in d ic a te d  recording date C

Mulch,
A

F e r t i l iz e r ,
B

2/ 16/60
C1

3 /2 1 /6 1
C2

5 /2 7 /6 1  ( 
c 3

c l +c2+c3 ) /3

%
None,

al

0// CaNo3, bx 83.27abc 
1# CaNO ,̂ b2 83 .11abc 
20 CaNO ,̂ b^ 83 .50abc

(b x+ b2+ b3) /3  83.29 ac

h9.78abc 
U9.66abc 

U9.l*Uabc 

U9.63 ac

6 5 .7 2 abc 
6 6 .67abc 
6 5 .8 3 abc 

66 .07  ac

66.26 ab 
6 6 .h8 ab 
66.26 ab 

66 .33  a

Wood
shavings,

a2

00 CaN03 , bx ?)i.28abc 

X0 CaN03, b2 7i;.27abc 

20 CaN03 , b3 73.33abc 
(bx+ b2+ b3 ) /3  73.96 ac

50. 88abc 

50.88abc 

$0 .83abc 
50.87 ac

•6 h .6 labc 

6 h .l7 abc 
6L.38abc 
61i. 38 ac

63.25 ab 

63. l l  ab 

62.85  ab 
63.07 a

Woodchips,

a3

00 CaN03, b1  75 .11abc 

1# CaN03, b2 73 .88abc 

20 CaN03, b3 75 .08abc 

(b i*  b2* b3 ) /3  7li .69 ac

50 .83abc 
50 . 88abc 

50 .83abc 

50.85  ac

63 .89abc
6 h .l6 abc

61j.6labc

6U.22

63.28 ab 

62.98  ab 

63.50 ab

63.25  a

(a i* a 2+a3) /3

00 CaN03, b1 77 .75  bc 

X0 CaN03, b2 77.09 bc 

20 CaN03, b3 77.30 bc 
( b ^  b2+ b3) /3  77 .31  c

50,50 bc 

50 .U7 bc 

50.37 bc 
50 . hS c

6J4. 7U bc 
65.00  bc 
6k.9h  bc 
6U.89 c

6h.26 b

6U.19 b
6h.20  b 
6U.22

1 S u p e rs c r ip ts  in d ic a te  which f a c to r s  a re  averaged  a t  a s in g le  
l e v e l j  o th e r  f a c to r s  be ing  averaged  over a l l  l e v e ls .

O
Each v a lu e  i s  a  mean o f  s ix  r e p l i c a t io n s  m u lt ip l ie d  by th e  r e 

sp e c tiv e  l e v e l  o f  each f a c to r  n o t  shown a s  a  s u p e r s c r ip t ,  e .g .  a  va lue  
w ith  a  s u p e r s c r ip t  o f  "ac" i s  a  mean o f  18 o b se rv a tio n  (6  r e p l ic a t io n s  
x  3 le v e ls  o f f a c to r  B ) .
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APPENDIX TABLE 1*

Standard error of d ifference (S3) and le a s t  s ig n if ic a n t  d ifferen ce  (LSD) for  the data o f Appendix Table 3

Itenp- D ifference between Measured as Sj Model2 Sd L S D
U u

.05 .01

a D ifferen t a al “ao J 2Ea/ry3b .237 .50 .614

b D ifferen t b bl "b0 J  2Ea/ r 3  a .237 .50 .6I4

c D ifferen t c C1 ^ 0 J z % /r c A .221 .1*5 .60

ab
ab
ab

Same a , d iffe r e n t b 
D ifferen t a , same b 
D ifferen t a , d iffe r e n t b

ai  bl  
al  bl  
al  bl

~al  *0
' ao h
”a0 b0 /  2Ea/ r  j3 .U ll .86 " 1 .11

ac Same a , d ifferen t c al  C1 "al  co / 2V r b .382 .78 1.03

ac
ac

D ifferen t a , d iffe r e n t c *1 C1
al  C1

- a .  c -
D ifferen t a , same c 0 0 

_a0 C1 /  2[(/3 - l)E b ¥ Ea] / r /3 b .391 .82 1.06

bc Same b , d ifferen t c bl  C1 “bl  c0 ]/ 2Eb/ r  a .332 .78 1.03

be
bc

D ifferen t b , sane c 
D ifferen t b , d ifferen t c h  c i

bi  c i 0 c0 /  2[(/3  - U E ^ / r ^ a .391 .82 1.06
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APPENDIX TABLE 1* (Continued)

Standard error o f  d ifference (Sjj) and le a s t  s ig n if ic a n t  d ifferen ce  (LSD) for  the data o f Appendix Table 3

Item-*- D ifference between Measured as S“ Model2 s d L S D

.05 .01

abc Same a, same b, d iffe r e n t  c al  bl  C1 -  a1 bQ CX .661 1.36  1.78
Same a, d ifferen t b, same c al  bl  C1 -  a0 c-^
D ifferen t a , same b, same c al  bl  C1 “ a0 bl  C1
D iff a , d i f f  b, same c bi “ an bn
Same a , d i f f  b, d i f f  c al  bl  C1 -  b Q  C q

D iff a , same b, d i f f  c al  bl cl " a0 bi  co
D iff  a , d i f f  b , d i f f  c

X  X  X

al  bl  C1 -  **0 b0 c0 /  2 ( 0 5 - 1 ) ^  + E j / r 6 .678 1.1*2 1.83

 ̂ Factors averaged a t  s in g le  le v e ls }  the others over a l l  l e v e l s .
2 *Ea and Ê  3 1.52 and 1.31* resp , -  error (re sid u a l)  in  w hole-unit and sub-unit analyses, r esp .j

r = 6 -  rep lica tion s; a = 3 ~ le v e ls  of factor  A; b -  3 ~ le v e ls  o f factor  B; ~ 9 ~ le v e ls  o f  factor
A x le v e ls  o f factor B; = 3 = le v e ls  of factor  C,
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APPENDIX TABLE 5

Analyses of variance (on a sub-sub-unit b as is) mean squares fo r  the e f fe c t of mulch and f e r t i l i z e r  fac
to r ia l  treatments on d iffe re n t nu trien ts  in  the two chrysanthemum clones on two sarrpling dates

Source o f df
Mean square for ind icated  n u trien t

variation N P2 K Na2 Ca2 Mg2 Mn

R eplicates 5 .0* 2.80 .lh .39* 12.7* 1.3U 137.99

Treatments: 

Mulches (A) 2 5.63** 27.83** 1 , 52** .07 lh l.8 * * 202,58** 572.22**

F e r t il iz e r s  (B) 2 2 , 52** .65 .79** .23 1 .6 1.09 988 .5U**

A x B U .32 .12 .12 .39* 2.9 2.25 53.99

Error (a ) Uo .16 .89 .15 .13 2 .0 1.9U 168.91

Plants (C) 1 8*2 7** 3.36** U5.05** 3.21** 3.9 2 . lh 1,530.67**

A x C 2 1.76** 15.58** .23 .09 2.U 8.13 35.19

B x C 2 .02 .33 .oU .08 2.9 .67 150,81

A x B x C U .08 .32 .10 .06 2.2 .3U 19.39

Error (b) U5 .10 .57 .15 .06 1.2 .99 75.02

Sampling 
dates (D) 1 U5.77** 258.hU** U i6.U ** 53.93** 1052.8** 328.22** 12, 225. 11**

A x D 2 3, 06** 3.70** .21* .18 58,2** 3.28 183.80
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APPENDIX TABLE 5 (continued)

Analyses of variance (on a sub-sub-unit basis) mean squares fo r the e ffe c t of mulch and f e r t i l i z e r  fac
to r ia l  treatments on d iffe re n t nu trien ts  in  the two chrysanthemum clones on two sampling dates , 1

Source of df

—St r i tf LJ u, . a. 4 fc m a ca a a
Mean square for  indicated  nutrient

varia tion N K Na2 Ca* Mg2 Mn

B x D 2 2.0b** .20 .81 .23 2 .9 3.30 816.78**

A x B x D b .30* .33 .07 .13 3.2 2.58 9b.73

C x D 1 .b7* 52. 52** 12,79** 1.97** 1.8 15. 00** 3 , 227. 89**

A x C x D 2 .68** 1 . 0b .51* .01 1.9 3.88 8.80

B x C x D 2 .OU .05 .05 .10 1 .1 .714 23.81

A x B x C x D b .07 .35 .15 .10 0 .7 1.07 6b. 53

Error (c) 90 .10 .57 .16 .10 1.U l.U o 90.58

TOTAL 215 .51 2.56 1.12 .39 2 .6 5.05 197.bo

1 Each datum i s  a mean square from the appropriate an alysis o f variance 
in d icate  sign ifican ce  a t  the 5 and 1 percent l e v e ls ,  r e sp ec tiv e ly . S ign ificance  
by ca lcu la tin g  the F -ratio  (treatm ent datum divided by appropriate error datum) 
the tabular F-value. F -ra tios needed for  s ig n ifica n ce  are shown below.

«

ta b le . Symbols: * and ** 
of each was determined 

and comparing i t  w ith

P robability  o'f a 
larger F-value

Numerator df ( treatment)/denominator df ( error)
2/bO l\fhO 1/U5 VbS U/bS 1/90 ....... 7/9'CT ■Ji/9'0 ' '

.o5

.01
3.23 2.61  
5.13 3.35

a .06
7.26

1.21
5.13

2.59
3.30

3.95
6.93

3.10
U.37

2.U8 " 
3.56

 ̂ Actual value :Ls the datum m ultip lied  by 10~^.
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APPENDIX TABLE 6

Analyses of variance (on a sub-sub-unit basis) mean squares fo r the e ffec t of mulch and f e r t i l i z e r  fac
to r ia l  treatments on the amount of d iffe ren t n u trien ts  in  the two woody shrub3 on three sampling da tes.

Source o f Mean square fo r  in d ic a te d  n u tr ie n t
v a r ia tio n   :------------------------------------------------------------

N P2 K Na2 Ca2 Mg2 Mn

R eplicates 5 .06 15.1*6

Treatm ents:
Mulches (A) 2 2.78** 83.78**
F e r t il iz e r s  (B) 2 .61** 32.03**
A x B li .08 33.65**

Error (a) UO .03 b.56
Plants (C) 1 b.33** .08
A x C ' 2 .00 3.13
B x  C 2 .28** 5 .b l
A x B x C 1* .01* 5.2b

Error (b) 1*5 .05 b.88
Sampling

dates (D) 2 b.86** .80
A x D b .09* 19.95**
B x D b .1*3** 3.30
A x B x D 9 .07 6.1U
C x D 2 2 . 96** .65
A x C x D b .13** 6.92
B x C x D b .02 5.09
A x B x C x D 8 .07** 2.31

. 12** 1.3b* 73.6* 6.98 6773*

.56**

.27**

.15**

b.87**
.09
.26

3b6 . 1**
153.5**

31.8

77.78**
11.97**
5.33

9bll*
886

6137

.02

.21**

.07*

. 11**

.00

•5b 
128.92** 

1.03 
.26

2. 36**

29.8
11:5.3*
U3.1
U5.8
bb.7

2.18 
21. 8b* 
20,b7**
15.90**
1.29

272b
17,556**

9b73
5930
1718

.02 • 5b 27.9 3.98 2893

1».15**
, 16**
.02
.03*
.72**
.0L1*
.01
.02

61. 12** 
1. 80** 

.25 

.67 
60.bo** 
1.22* 

.35 

.50

U052. 0**
21.8
7.5

2
1055 .*8** 

22.2 
10.2 
26.8

3b6,86**
1.0b
2.11
1.27

33.82**
3.9b*
3.21
2.21

l i b ,550** 
I8,2bl** 

5310 
3021 

6 l , 609** 
b,lbb 

2373 
360b



APPENDIX TABLE 6  (continued)

Analyses of variance (on a sub-sub-unit basis) mean squares fo r the e ffec t of mulch and f e r t i l i z e r  fac 
to r ia l  treatments on the amount of d iffe ren t n u trien ts  in  the two woody shrubs on three sampling dates#

Source o f  
Variation df Mean square for  ind icated  n u trien t

N P2 K * Na2 Ca2 w 2Mg Mn

Error (c ) 180 .03 Il.2 l .02 ,b6 17.3 1.U8 2280

TOTAL 323

 ̂ The symbols * and ■*-* ind icate  s ig n ifica n ce  a t the 5 and 1 percent le v e ls  r e sp e c tiv e ly . The 
s ig n ifica n ce  o f each was determined by ca lcu la tin g  the F -ratio  (the treatment datum divided by this 
appropriate error datum) and comparing i t  w ith the tabular F -value, F -ra tio s needed for s ig n ifica n ce  
are shown below.

P robability of a Numerator (treatm ent) d f /  Denominator (error) df
larger F value 2/hO u/l*o 2/1*5 h/k5  2/180 h /l80 8/ 18O

.05 3.23 2 .61 {4.06 3.21 2.59 3 .00 2.37 U 9h

.01 $.18 3 .8$  7 .26 5.13 3.80 U.61 3.32 2 .51

2 Actual value is  the datum x 10™ ,̂
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p
VA

Nitrogen, percentage

APPENDIX TAB IE 7

dry r a ig h t  b*ai.3 ( in  th* fo lia g e  o f  ttfo p la n t  ta x * , C iC hryannthenun 'A rU r**  and Chry s nntbc-iua 'C h r is  C o lu -bus*). c-n two d a te s ,  D (V iy 2 and

nd J u ly  19-^jt 8u# to  f a c t o r i a l  troa te ien t*  o f  thnso le v e ls  o f  mulch, I (none, vsoodshaTings, and w oodchipa), and th re e  le v e ls  o f  f e r t i l i s e r ,  3 ( 0 , 1 , :nd 2 lb .  o f ca lcium  n i t n t *  p e r  10CO sr> f t * }1-2

C u ltu ra l  tre a b n e n t, A /B

Mulch* 1

Wood shav ings, a?

W oodchlps, a 3

l l L * ’2 f '■tJ/3

f e r t i l i s e r ,  B

0# CaNOj,

1 § CaNCj, b j

21 Ca-’JOj* *3

°3> h

1# CaSOj t \>2
2 1  CaNC3 , 53

<bi  ̂V'* Vb
0* CallOj, b j

1 4 C aNOj, b j

21 CaN03 , t>3

(»*! / / fj)/l
3.03

Of Ci.‘;C>j, b ! 3

3.19,
f CjN'Oj, b j 3  3 j

(bj / b̂ / b3j/l
___________3.33

Chrysaxithenua 'A r le r a 1

S a m p l i n g  d a t e ,

S -2-60, d.

abed

3.99___  _) i .17
abed

4 ,9  8_..
it . 11

abed

-2 .6 i_
_2,83_
2.50

.2*65
-3.02
2.76
3.32

abed

a b e d

abed

acd

abed

abed

abed

*c3!

bed
t e d

7*2-60, d j

abed

U a4_ .,abci

abed

S
4*14

4 . 5 4 ^ - 4 * 3 3 -acd

.3 4  
3 4 2  

4*1 7-

Tbccf

4 4 6 —acd

3.*. 59

i i .o i___
abed

4.04 - iF, . r  — 3.53 —„ 
4._4iL
4 .7 1

4*39..
3.87 
it .30 
4.57-

abc<J
acd

bed

bed

T ed

445

U »03
abed

53*10____
abed

3J.QL

4*m_
-3 .02

a te

-3.50— 
3 4 3 —

-3*33__ ^
abc
•be

-4 .0 2 — 

3171
3 4 4  
3*74. _ 
3*94 -

3 .7U....

Chrysantheriun 'C h r is  Colur.bus, Cj

St a p l i n g
5-2 -60 ,

.3 *21; 

3.It-

atcd

acd

4 * 5 4  
3 ._62

abed
-2.60—alcJ 
-2.714—. 
2 ,66 -

- 3 ,1 0  ,OT. 2 4 5

2*6.7-
3.13-
2,85

abed

3*Q0_ 
2 ,96 - 
2,90. 
2.95-

abed

abed

acd

bed

Led

7 -2 -6 0 , d2

abed

abed

_ 4 ,0 0
acd

3*72- -3*14;

3 * 7 9 -

4 .1 5 -
" a b e d

—3.68___
abed

8 * 6 ]^ ^
3*82___

abed

it ,2 )(-—

te d

-2.94 —

.3.* 89. 
3 4 1  
3.75 
4 .13

-3.76-

b e d  

bed  

b ed

cd

3,32 _ 
J*36_  
_3*64_

a te

abc

a be

Tbc
-3.27-
3 4 0 —

abc

_3.14i____
te

-3nl9— v.
be

3.32___
be

l 4 . f r  —  

3 .3 5 ......

{ĉ c2)/2

5 -2 -6 0 , d.

abd

_ 3 . 5 4

_3.«54_
3 j 6_7__

3*59-
^°62 ^

__2 ?̂a.
- 2 . - 5 8 —

2 , 6 6

_3*Q1.
. 3,09__

bd

3 .4 4 -____ 4*Q2__.
3.13 -*  4 .35

3,03

7-2 -60 ,

3 , 3 6
3a9?_
Jt .21.

abd

lu 0 3
-3 .26— 
3*93—

4 .3 0

-3.10—-
2,80

4 * 4  

3 , 6 ! i _____

4 .0 1

(d, / ri, )/2

3,,74
3*71.

4,9.7

4 .31 .
2*98— aF 
3.38—
- 3 4 1

.3*58
3,37
-3*53..
-3-7U-

-3,55—
f 'j .^ r r . 'c r lp t :  2 .i'ĉ *.c the fn c t^ rs  th .i t  vrn avc ra r 'id  a t  a s ^ ;g le  level-, o'uhnr C .c tc ra  bfjing uvera^ed  ov»ir a l l  le v e ls .

^ Zich v a l’je i f  a "••?an of s ix  replica*. ;c-ns by t'.»i ren p ec tlv e  le v e l of <?ach fa c to r  not shown .15 a a u p -? r ic r ip t, e .  1}, 4 valoe w ith a r,.r.*rLC r i ' t  o f ’1rc* Is a tv*.-in of 36  o h re rv n tie n s  (6  rop-
lic A tio n s  x 1 I c /p la  o f f.- 'c tcr 3 x 2  le v e ls  of f a c to r  D).



APPENDIX TABLE 8
Standard E rror of D ifferences (SJj) and Least S ign ifican t D ifferences (LSD)

  _________________ fo r the data of Appendix Table 7.

iw»l D iffe ren c e  batUM m Measured sec sg Modal *3

■o68ft

.05

J J .
D iffe re n t b -  bo / ? E , / r -0 6 8 8 ■ 1 8 "i P
D iffe re n t e -  c0 /iZJ-T e-'/ ■ QI-.2.2. .0 8
D iffe re n t d - *0 l&c'/r
.vine a ,  d i f f e r e n t  b 
J if fo re n t  a ,  sane b 
.J if ro re n t a ,  d i f f e r e n t  b

n bi
4 | bai t-1 .IUjO .28 .81

Jime i ,  d i f f e r e n t  e a l  c i a l  CD /2Zb / r j b .0710
.A ffe re n t a ,  aan* e 
-A ffe ren t a ,  d i f f e r e n t  e

al °1 
a l  e l

G1G0 .078 .15. .2Q_
Sine i ,  d i f f e r e n t  d -  a i LQ2Q- .2_2_ ! . 28
A if- .rc n t .a, sam* d 

.J i f f j r e n t  a , d i f f e r e n t  d /l [T/-l)Sc/sg/rj9A'!> ^035-
t2Q_Jane b, d i f f e r e n t  e bi. Oq .0780 ■ 18

iH ffe m n t by sane c 
D if fe re n t b , d i f f e r e n t  o b , O!

1) °13̂ =0 Ji : 27 s.] A /.«
i d i . tis_ ,20

-lane b , d i f f e r e n t  d b i di - *>i >io / j E c / r
D if fe re n t b , sane d 
D iffe re n t bj d i f f e r e n t  d

bl bl bl dl bo d ibo 0̂
jJ-07Q_ .21 1 ,2 f
■088

Dime c , d i f f e r e n t  d I^ E c /r .128- a a . ),8
D iffe re n t Cj sa-te d 
J i f f e r e n t  c , d i f f e r e n t  d ■ c u Jo /"[(r-DEc/lJ/rAj-
j in e  a y v ine b, d i f f e r e n t  e a l  b l e0 StZh/rr -*o.6l___1 J .2 . .88

■12637 ■28
S ite  i ,  d i f f e r e n t  b , sane  e 
D iffe re n t a ,  sa™e b , some o
J i f f e r e n t  a ,  d i f f e r e n t  b , same o
2-V'o i, d i f f e r e n t  by d i f f e r e n t  e 
D if fe re n t a , sane b f d if fe j-e n t c
D vffo ren t Ay d i f f  b , d i f f e r e n t  e

a. b, Oi 
a l  b i cL *1 bi ci 
a l  b i c i  al b Cl 
• l  bl Cl

a l  bo =1 
*0 ej. 
K> \) G1 ai «0 
•O ^  cq *0 0̂ ®0

Jcme a ,  sane b , d i f f e r e n t  d ■ “1 h do

&[[/> -\)Zbf E j / r ft 

' hzjrfi
^ 1 3 0

lim e a ,  d U 'ie re n t b ,  a ana d 
D if fe re n t a ,  same b , ja n e  d 
D if fe re n t a» d i f f e r e n t  Q» sane d
Same i ,  d i f f e r e n t  b , d i f f e r e n t  d
D ifx eren t a , sane b# d i f f e r e n t  d
J l i i c r e n t  a ( d i f f  d, d i f f e r e n t  u

h dl

,ji 8
■»! d I

*1*oM
®U b0 d i

■ a l  b0 d ,̂ 
b i dy 

^
3-1 do

.1310-
.26 . .8.8
.26-

/2[lf -l)Ee/E(]/r/Jr

.lb.7 JCL .10
sa-ne c» d if i 'e re n t  d

ja ^e  . 
>ine

d i f f e r e n t  c , aa.'^e d 
d lx f  c , d i f f e r e n t  d

■ ^ =0 dl' Ri co *k>
.1070 .21 !

j .108 .21  .28
iJL fieren t a» sane c ,  sane d
jJ if f e re n t a» sane c> d i f f e r e n t  d
D iffe re n t a* d i f f  c ,  d i f f e r e n t  d

ai n Ji
>i CL <*i ai ei di

*0 o i d^*0 do *0 Cl <k)
2 £ L y2 £ l ■28

Jane b, same c, d i f f e r e n t  d ^  =1 dl ,,..1070 a x . ■22.
J-im* b, d i f f e r e n t  sane d 
>s-ie b, d i f f  e , d i f f e r e n t  d h ®i *i bl °1 dl ‘ 4 =0 dl * “1 c0 d0 /i'jr-l'Eĉ  Eb]/r/-.

^21 ■21
J iifL -ren t b , sane c ,  eane d
D llfe re n t  b, same c ,  d i f f e r e n t  d
D if fe re n t d i f f  c ,  d i f f e r e n t  d

bl 1̂ <>1
2 Cl bl «i €

-  ^3 C1 dl- “0=; Jo
f j  do u J J Z l ■ 20 1 .26 !

same bj sane c» d i f f  d al ^ Cj di - «i bi ci do .1883 a line sane b , d i f f  i ,  eane d 
Sftne U, d i f f  e, d i f f  d

• »i ^ e<j Ji ■ “1 h t* t) ■36_a. Jlfi
"e

i f f  • 
J i f f  
Jn-ie , 
. J i f f  
J i f : ‘ . 

J ln e  •Ĵiff • 
A f f  • 
jm e  
J i f f  . 
D iff ;

dL ff L, 
sane  b, 
t^ if f  b, 
d i f f  b, 
o xne b,

, d x f f  b.
d i f f  

, sane b, 
d i f f  by 

, d i f f  b, 
e^ne b, 
d i f f  b (

• B-’W c , can* d *1 C1 ’ a l ci ^
Sana C, SOn* d Si L1 <*] - Cl
sane Cj sane d *1 c ! di
d i f f Di 94-10 d *1 * «(,
d i f f c t sane d th * ^  h °Ci di
d i f f Cy eane d *1 C1 - *o Oil di
sans Ci d i f f d *1 C1 di ■ a i hr, <V|
3 An* <i d i f f  d *1 ■* \> Cl Jfl
sane c , d i f f a °1 di • *0 >J
d i f f c , d i f f  d dj - a. bri Cfi Jf,
d i f f c ,  d i f f  d *1 eT di ■ '0 «0 ^0
d i f f c , d i f f d ai el d l ho Jc *1962 .39. 1 .26

1 p a e to re  &v«r*ff*4 * t  e in ^ le  l e v e l s |  th e  o th e rs  o*ar a l l  l e r e l e .
2 Se. ifey And fij; ■ * 1 ^ 6  J * 0 9 6  » * 1 0 3  r e s p e c t l r e ly  ■ e r r o r  ( re s id u a l)' ' “  ̂  -•    '  o f  ri£i

l e r e l e  o f  f a c t o r  I).
o n a ly ees j r e e p e c tl r e lj r j  r : 6 t  re p l le a t io n B ; a :  3 ■ l e r e l s  o f  f l c t o r  fcj b ■ 3 * i e e e l s  o f  f a c to r  D; (/\ 
to r  U; / &  :  J  « l» r e l#  o f  f a c to r  Cj e ^  ■

In  e h o le - u n i t ,  suV-unlty and sub-au:> -unlt 
s  ? = le e e i s  o f f a c to r  k x Levels q f f ie *

116
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APPENDIX TABLE 9

N itrogen , percentage dry weight basis, in the foliage of two plant tan, c F̂eljoa sellcwî n* and Lifc-J3tru.i japonlcu). on three dates, J Ôctober 5, tnl Juna 1
'a n d  J u l j  21, 1961), due to  f a c t o r i a l  trea tm en ts  o f th re a  le v e ls  of rauich, A (none, B oodsharin^s, and w w dchips, and th re e  le v e ls  of f e r t i l i z e r ,  3 (0* 1 , and 2 lb . of c a lc lu a  n i t r a t e  p e r 10GO sq . f t - ) 1*2

HH-g

C u ltu ra l tr e a tn a n t  
I / B ( c , / c ^ ) / 2 (d1/ d 2 / d  , y )

Mulch r e r t i l i t e r .
6 -1 -63 , d (•4 dp / dj)/j 

abc
d i /  d2 /  'l3)/3 

abc

1.9Q_
a te

10-5-fO , dl6-1 -6 1 , d2 N22-M, d-, 
ai’cd

V l - 6 1 ,  d -1 C -5 -6 0 ,

abed

L t5 l_ .L l .S 31.2h0§ CaNE>3, I t 2 2 _
.ibed

1.35abc
7 L 2 5 -

1.9? _.1.2li
1f  CaNO?, bj

_1.9o-1 .63_Nona.
n  CaNO^, bi 1 ^ 7  .. 1.81*. UGQ
ft>l / 1*2 /  *>3^

1.3Q
li2 lj

A mZIi

01 CaNOj, ^ 1,145
abed

1,11
abed

1 ,6 3 _

1» CaHOj, b j

abed
U iL _U .76._ ._Wood shav ings, 

■2
2# CaJJ03 , b3

(b̂ / bj / bJO
1.61* 
1.79

abd

1*9 L  
2*25

1.571
abed

1.70—
abed

1.3!.

tiO_. abed 
1 2 * 0 6 abed

1.91 abed

need
Of CaNCs, b.

I f  CaNO^, b j
WoodcMpt, ■Kd

2 LiQ 1.1.33I»3? l i l  -.71.91acd acd
29 CaNÔ t

b2 i bjJ/J
1*32 _1.9li

0 #  C iS O j ,  b ! 1,79 l*9li -1.30 1 .63  ._!.!*?
1*76_-l* 7 ^ ^ L * 6 ! i1# Ca"0?, bp -1,99

l a . / a ^ f a * / } l*8it„. 2 .0 6 ___1 .5 02 « CaNCS, b j 1 ^ 3 _ 1.30_
/ tp / by/3

1,72__U-L.3 -1,62-1.57 Jt LQ_ 1 .7 1 -
f  5u O tii iv a t io r :  '6  r e p l l -

1 S u p c ry rr ip ts  ^nc icate wh
2 £acn valu'; i s  a r.eart of 

c a tio n s  x 3 le v e ls  c f  f a c to r

c.n fa c to rs  a r e  a v e r a g e d  a t  a s i n g l e  l e v e l ;  o t h ^ r  f a c t o r s  t e l n g  iv e  r a g e d  o v e r  a l l  l e v e l s .
s b t  r e p l i c a t i o n s  m i l t i p l l j d  by  t h e  r e s p e c t i v e  l e v e l  o f  e c c h  f a c t o r  no t s r .< « n  a s  a  j u r - e r i o r l p t ,  e .  £* a v a lu e  w i t h  a 
B * 3 le v e ls  o f f a c to r  D).



APPENDIX TABLE 10
Standard E rror of D ifferences (S3 ) and Least S ig n if ic a n t D ifferences (LSD)

________________ fo r  the data of Appendix Table 9 . , ■

D iffe re n c e  b t t m n t Measured te i

*0

S3 Modal2

.0 2 b .

L S D

■ 05

. 0 6  i > 0 6
A f f e r e n t  b *0 faOjTTfa M .0 6  i .0 6
A f f e r e n t  e / 2 E b / r < .026 . 0 - 1 . 0 6
A f f e r e n t  d - ^ / 2 E c / r  A < . 0 2  3 ,06 i .06
jm e  a ,  d i f f e r e n t  b 
. t f f e r e n t  a t same b

A f f e r e n t  a ,  d i f f e r e n t  b

.iL
a  bi 

»i

a i  >>0
bl

*0
k?.her

■ 0l.il , 1 \

.11>i"ie i. dlfrorflnt e - *1 »u f a h/r I b , 0 M . 0 3
n fA e re n t a ,  same c 

.A .To r e n t  a ,  d i f f e r e n t  c
ai ®1 
X 1 C1

“0 01 
•*0 CQ - l ) E b / L 3 A / «  a

. 0 3 8 . O b .10
_>ine d i f f e r e n t  d f a j ^ . 0 ^ 6 . 1 1  i
.A ifv re n t  a ,  same d 
A f . ' j r e n t  i ,  d i f f e r e n t  d

-  ^  6 l
“ “0 <*0 .OllO

.im e b , d i f f e r e n t  0 ’’l °0 f a b/r /* .0 1 D
j O ?

, o c

■> n 
« -  —

A f f e r e n t  b , n n  c 
A f f e r e n t  b , d i f f e r e n t  o

■bl 0! 
bi 01

“D °1 
°0 -D S s ,/

. 0 3 8 . 0 3  1 . 1 0
J a re  b , d i f f e r e n t  d b! d! do f a e h x r
A f f e r e n t  b , same d 
A f f e r e n t  b ,  d i f f e r e n t  d

In dl
b i <h.

bo <*l
by do k  [Tr - U s , / t ^ h e r  <

. Q q O .08 j .11
A na c ,  d i f f e r e n t  d - ei do m j r .096 . 1 3  i . 2 8
d i f f e r e n t  e ,  sane d 
A f f e r e n t  e . d i f f e r e n t  d

e l  al
/ 2  [ ( /  - D S e / E b j / r . r

^ 0 3 5 . . . ^ 0 1 ■ 0 9
i n e  a ,  same b , d i f f e r e n t  c f a b h , 0 1 2 . . 1 0  I . 3 . 9
A ie  d i f f e r e n t  b ,  sane  c 
A f f e r e n t  a ,  Sense b , sAT.e q 
J i f ; c r « n t  a ,  d i f f e r e n t  b , same 0 
jm o  i ,  d i f f e r e n t  b r d i f f e r e n t  c
A f f e r e n t  * j sa-we b , d i f f e r e n t  c 
A f f e r e n t  a ,  d i f f  b, d i f f e r e n t  o

*1 W ®v 
*1  n
a i  *>i ' l  
n ' t . ®i 
a i  tn. « i  
»y *>i « i

Ai bf., ox 
“0 \  C1 
•0  “o ®1

b )  0 0
«c ea
■0 h  co

- D E b / E ^ J / r  t/S

fa-) f a

. 0 6 6 JL3_^13_
abd ia n e  a ,  san e  b t d i f f e r e n t  d bi d,1 aL .068 I D '  1  O triO \

Avne a ,  d i f f e r e n t  b , sane  d 
D if f e r e n t  a ,  sane b ( sane  d 
A f f e r e n t  a> d i f f e r e n t  b, same d
Jane a ,  d i f f e r e n t  b» d i f t e r e n t  d
A f f e r e n t  a ,  sans  b , d i f f e r e n t  d
iH l i e r e n t  a ,  d i f f  Oj d i f f e r e n t  d

"1 h  ? i
*x >  ^  
*1 h  £
a i  b i  a i
» i  h  di  
ax bx dx

*0  h  .
“0 "0 “ 1
a l  **0

■ “o  bl  “□
■ "0 b0 <*0

fau-Dt^Qher

Jane a , ea-se c ,  d i f f e r e n t  d =1
i 0 6 2 _

f a s h

. 1 6  i . 1 3 ,  

^ 1 1 J i i .
^a-ne a ,  d i f f e r e n t  e ,  same d 
ja-ne a .  d i f f  c ,  d i f f e r e n t  d

* i ° i  “1 
*1 ci **1 / ^ Q  r  -lJE c  / E b ] / r  f  . .061 .12 : .16

A l i e r e n t  a* sane c» sane d
A f f e r e n t  a ,  Same e t d i f f e r e n t  d
A f f e r e n t  a ,  d i f f  c, d i f f e r e n t  d

a l  c i  <*1 
*1  C1 dl  
“ 1 =1 dl

00 ci dl 
«o ci  'Vj 

■ *0  ®i ‘*-0 .068 .11
ja n e  b, san e  c ,  d i f f e r e n t  d C1 U1 - ‘‘i «i % fac/r . 0 6 6 . 1 1  0 : h

Jame b t d i f f e r e n t  e ,  sane d 
^i-ie b , d i f f  c , d i f f e r e n t  d ^ 61 H1 bj ^  df

^  ®o
“1 O0 do /2Qr-i)Ec /itfhs* .061 “t ?met.-

i J i i f o r e n t  b , same c , 
A l . e r e n t  b , sane  Cj 
A f f e r e n t  o , d i f f  c,

sane d 
d i f f e r e n t  d 
A f f e r e n t  d

bj_ e x dx

3 Cl I1»1 cl €
>=0 e L dl
LV, C1 dy Jj CO ^ {$j3 (<t-i]ec/ {e-Dz-a/i /̂rgr 1

j 0 6 3 _

^ n e  a m e  j , sane e» d i f f  d t»i ° i  d |  -  a i  c i  d(j fa-c/r . 0  9 6 . 1 ?  ; . 2 6
j~xne "l, same b , d i f f  c ,  acme d 
J'Hne a ,  a s^ e  b , d i f f  c ,  d i f f  d

®i ^ hi “i'1 ®i =0 ‘Vj t ^ h r .10  6 .21 _g •
yv-« lf dL ff U, same c , sane d *1 ci - *1 =1 •'l
i f f 1 , 9 m e U, sane C| s a ie d •1 Cl «*1 - b Ct J 1
AIL' w 01 f f t>, same c* sane d •1 C1 ■*1 b|. c t
Ja 'ie -1, d i f f d i f f c t same d a1 Cl <*1 al <Vi *1
A f f i t 3 .1.1*10 b t d i f f c t  sane d 0 d l - lo  bi cri dl
A f. n , d i f f b , d i f f c* same d ■l *1 Cl dl ii, Cl. di

i ,  d i f f U, sa^e c , d i f f d a1 Ci d, a l bf. Cl <*u
i) lf f a .  aane b , san# C j d i f f d • l *1 *1 d. ™CJ »>1 C3
A f f *, d i f f b , same c , d i f f d *1 el d n V bf) CT dfi
J*ine >t d i f f b , d i f f e ,  dL ff d a-» Cl d l a l C11 ^0
A f f a ,  sn -q b f d i f f c .  di f f d C1 dl

dl ,JQ
«n

rH ff n , d i f f b , d i f f c» d i f f d a l cl ^0

/ ? 0 ? : / - - i ) e c /  (jf-i)sb / z U  l * e s

_ * 1 Q 2 _ .ZQ J  >27
^ K aetore av e r aged a t  eln<>!.e l e r e l s  j th e  o th e rs  o*or a l l  l r r e i a .
2 i . .  .n r t * .  .  .0303  < .0663  , »nd .0276 r e e p e e t l r e l j r  e e r r o r  ( r e e ld u a l)  

•nAl^aee^ r e s p e c t iv e ly )  r  - 6 ■ r e p l ic a t io n ^ !  a  :  ) * le v e le  o f  f a c t o r  k’f b ■ J ■ le v e l#  o f  f a c to r  Bf Q{ 
le v e ls  o f  f a c to r  Cj ^  e JJ e le v e l#  o f  f a c t o r  D . _________ ___________________

*nd Ut 
■Ptor U; /3 =2

in  * h o l* -u n lt»  »ut>-uni t , and a u&- a ai>-unl t  
r  ? s  l e v e l s  o f  f a c t o r  A x le v e l#  o f  f .ic -
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APPENDIX TABLE 11

in d  J u l y
Phosphorus, percentage

l t 19  O j ,  d u *  t o  f a c t o r i a l  t r c - i t a c n t a  o f  t h r e '

d r /  w e ig h t  b a s is ,  in  t h a  f o l i a g e  o f  tw o  p l a n t  t u a ,  C ..C h ry ^ n thfenun 1A rlo ra ' and O h r y s a n th e - ior. 'C h r i s  Ccl.i-.bus1 ) ,  :n  tw o U te s ,  1  ( :riy  2 and 

t h r e a  le ire ls  o f  -sulch, ft (none, T O o d s h a r in g a ,  a n d  w oodchlpa), and th re e  l o r d s  of f e r t i l i s e r ,  3 (0 , 1 , ~.id 3 lb ,  o f  d l c i u n  n i t r i t e  p e r  1000  sq . f t . } 1* 2

P 1 a n t t  a * * c
C u ltu ra l tre a tm e n t, k?  8

Chrysajithenun 'A r le r* ',  ^ Chrysanther/ua rC hrie  Columbus, Cj =2 >/? ( V dj >/2

F e r t i l i s e r ,  8
S a n p i i  n g d a t  « , D S a m p ! i  n  g d a t  a,  D

5 -2 -6 0 , d1 7-2-60, d2 U l  /  <*2 ) / 2 5 -2 -6 0 , d-j 7 -2 -60 , d2 id 1 / d J ) /J ? -? -6 3 , d j 7 -? -6 o , i2

Oi CaNQj, b^
abed

.292 . .308
abed abc

*300
abed

. 221_
abed

.331 _
abc

.279
abd

.260 .319
abd

.289
ab

1# CiL'.’O j, b j
abed

_*286 ... .306
abed abc

... . 29.6 T,
abed

.223
abed

.320
abc

.271
abd

.313
abd

.283
ab

None t a^ 2 * CflL’JC), b3
abed

» 2 2X .298
abed abc

....295
abed

.226
abed

.303...
abc

.261i
* V abd 

.260 .300
■bd

.280
ab

acd acd ac1 acd acd ac a<T ad a

<*1 f * 2  / *>3V3
.291 *30Jl ■2?7 ^ . 22? .318 .272 .238 , .311 .23U

0 # CaS0 3 ,
abed

r272 ^329
abed abc

.301
abed

L.252
.. .bed

,•36^
abc

.308
. abd 

_,262 *3U7
abc

"30U
ab

1 * Ca^Oj , bj
abed

i- *263 _ —♦311
abed abc

—*2&7___
atcd

. .260
abed

. 369.-C--,
ebc

- * 3 1 ? - J
_.310___

•1C

abd
.262 *3k0

abd
.301

■b

W oodshavings, a 2 2 *  C*N03 , b j
abed 

*262___ ,
abed

. .31? ...
abc

.289
abed

L .259- acd

, iB c i

_ .3 6 2 _ ..^
acd

abd
.261 ^.318__

abd
.300

ab

acd acd AC ad ad a

/ * > y  V / 3

.266 .318- — 25>-2— *abc

- .311_____ K
t2?7 -^36? , 311 .262 .3U2 .302

0 * Ca’fO3 ,
a tcd

.,..338-
abed abed

...,228____
abed

.383- -
^  Sbc

.3 iil -
abd

.291— .361
abd

.326
ab

14 Ca-VOj, fag abed

.278___ ...328
-3 3 2

abed abc

*303
.311

abed 

.286. .
abed

_  ,39-0_
abed

.393

at>c

..338
abc

. .337. _ae

abd

.282 ' -3?9
abd

.321
ab

Vfoodchips, a 3 ?4CaN03 , b3
abed 

.290 ..._ ,
aocd abed 

..281 .. _
abd

.235 .363 '
abd

.32h
ab

acd acd w ac acd acd ad ad a

/  b ,  /  b 3 V3

*28is_ , .333
. 30b -  u  

j2 9 5 . ,

.289 .389^ __.3.39— ...
be

- .209 
.,308 .

.286
bd

.271
* --------w

.266

.36L__

.337

•321l_
.  .306__

.302

q ?  C a:;;> 3 , b j  

1 • C at0 3j b2

^  te d

- .2 8 3 -  

-  *282 -

-.32$
—.31?

bed

' bed

bed

*2?9'  ^  bed

.257.

*  bed 

-♦360-
bed

.260

bd

bd

b"

"V
2 4 Cat,0 3 , b3

-.3 1 ?
~bcd be

.298 .. ...
bed

-.259 _ _
bed

U .353  -
be

...30ii
bd

, ..268 . 3 3 1 l _

W

.301 _
b

^  b 3 j / l

Cd

*280 .318

cd c

.299 . .

cd

,2?7

cd

.357___

c

. .307

r d

.269 _ j 3 3 3 . _ .

d

.."03
^ £ v e r : c r i p t  2 c a t e  t e  f a c t o r s  t h a t  • r o  ;; t  j  s  ■ l o v e : ;  ch!a> r f a c t o r s  be in , ;  . v . v n p ' i  u v o r  a l l  1 - , - e l s .

a c h  v al so : *■ a " ‘-an o f  s i x  r o p l l c a t i c n s  ^ i l t s d l H  ty  t . e  : ; ; c c , i . 'e  1-?v-d o f  tio ch  f a c t o r  t o t  s!o -ti as  a sup-.‘ ;-" c r l p t ,  ®. 3 . a va-!.*  v t t h  a • S j r - o r r c r i - t  of
l i c a t . o i s  x )  l e v e l s  o f  f a c t o r  3  x 2  l e v e l s  o f  f a c t o r  t ) .

■cB i s  a r.<ian o f  3ft o h r j t i . 'n s  (6



APPENDIX TABLE 12
S tandard  E rro r  o f  D iffe re n ce s  (SJj ) and L east S ig n i f ic a n t  D iffe re n c e s  (LSD) 

_________________ f o r  th e  d a ta  o f Appendix Table 11 ,

l D if fe re n c e  between >

a f f e r e n t  a

Measured a n

- 0
S3 M odel'

* =
33

J. 3 D

.05
•fvLjTfif 1 .00197 .010 ; . 01?

A f f e r e n t  b -  bo />L7 a .OOU97 .010 ■ . o r
D if fe re n t  0 M t J r  rt J

A f f e r e n t  d f i u / r A 0
.00325 .007 .009
.0 0 3 2 5 .0 0 6 .003

a ,  d i f f e r e n t  b 
A f f e r e n t  a f sane b 
Jti.fi c r e n t  a ,  d i f f e r e n t  b

■’1 bi 
« , i>.

'*iki- ilJ bi- a0 .0 0 8 6 1 .0 1 1 ►02 3
l i n e  \t d i f f e r e n t  c a l  =1 /2Zb/r (b .00 663 . 0 1 1 .. -..015
.A f fe re n t i j  sane  c 
• J if fe re n t a .  d i f f e r e n t  e

"0 «1 »u c0 fi\[a - D E b / S ^ / r / i #  b lC063_1_ .01- _ s Q iZ j
.nr'iJune i f d i f f e r e n t  d -  a l  “o

J i f f i r e n t  a # sane d 
A f f j r u n t  a .  d i f f e r e n t  d

.00796 .016
*0 'a) .00637 .0 1 1

J i^ e  b* d i f f e r e n t  e H- Ci *>1 °0 /jEu/r i .
A f f e r e n t  b j aarae e 
D if fe re n t b , d i f f e r e n t  9

fc,bl

.015
.00663 i .011  .016

.0063? .013 1 .017
Jane b , d i f f e r e n t  d th >>1 do /zsc/r. .00796 .016 ! .021
A f f e r e n t  b , same d 
A f f e r e n t  b» d i f f e r e n t  d

b j di 
*£ kj *1 bo kj ,00637 .013 ! .017

A ne c » d i f f e r e n t  d - ei <b \fnc/r

D if fe re n t  e ,  sane d 
A f f e r e n t  c , d i f f e r e n t  d

-.01328...
°o di eu %

.0?7 ' .0 -6
/ j f t r - D E c / i ^ / r A r _.00li596; .09  i .012

a^ve i ,  sane b» d i f f e r e n t  e ai h «i
*1 kj «1
*0 W “1 
*0 *>0 »1 
a l  *0  °0  *o 1̂ eO 
a<> b© cq

.00975 1 .020 1 .026
> n e  d i f f e r e n t  b , sane  o
A f f e r e n t  a ,  *an* b , aa-ia 0
A f ic r e n t  a ,  d i f f e r e n t  b ,  sane  o 
J o d i f f e r e n t  b ,  d i f f e r e n t  c 
Dl f i t  r e n t  a ,  sane b , d i f f e r e n t  c
A f f e r e n t  i ,  d i f f  b, d i f f e r e n t  o

*1 L “I 
al  °1  °1  
al  ' ’l  >1 *1 °1 
al  k . «1ai >n. *1

" 1 )Eb/  E j / r M

^ o L m .022  i .030
Jane & t sane b , d i f f e r e n t  d a l  *1  dl * al do .009 7 6 - £ £ £ .
Avne a ,  d i f i e r e n t  b( sane  d 
D if f e r e n t  a t sane b ( sane  d
A f f e r e n t  a ,  d i f f e r e n t  b , 34n s  d
Jama a ,  d i f f e r e n t  b , d i f i e r e r t  d 
A f f e r e n t  a ,  sane d i f f e r e n t  d
u l f f e r e n t  a ,  d i f f  ut d i f f e r e n t  d

*ih Ja i  i>,
*1Kai bi 51
a l  ^  dl
a l  ‘' I  dl

- ^  oQ ^

' 'Vj 1  21- \J »0 dl- al “u "01- “0 bi <*0
-  Oq bo dg .o r ,Q 3 022 .030

Ja.'te aaTia er d i f f e r e n t  d aL C1 ^ /SEc/’-b .00796 .016  .021
a ,  d i f f e r e n t  c ,  some d 

♦att* a ,  d i f f  c ,  d i f f e r e n t  d
“i °i diai ci ^ =0 "*0 ^ " ' f - D E c A E b J / r / . .00796 1OI6 jl021

1A 1 l e r e n t  sane c t some d
A f f e r e n t  a ,  same c , d i f f e r e n t  d
A f f e r e n t  *» d i f f  c» d i f f e r e n t  d

al  C1 dl 
"1 CL *1 AC C1 dl 

*0 '1 ^ •c “I t .00751 .015 .0 2 0
•Jane b , same e ,  d i f f e r e n t  d .0 0 7 9 6 .016 .021
.Jama b t d i f f e r e n t  e ,  sane d 
ja-^e b , d i f f  e , d i f f e r e n t  d

- 1̂ =u dl- °1 =U «u .00796 .016  ' .021
•Ai f o r e n t  b f sc-r^ e ,  sane d
A l . e r e n t  b , same c, d i f f e r e n t  d
A f f e r e n t  b , d i f f  c# o i f f e r e n t  d

H ei di
h  '1 % h ei •€

Ki 'i di
“0 C1 lbt\j c0 do

Jnne 1, s in e ran® c ,  d i f f  <3 ^1 h  ®1 di  - “ 1 °1  Aj

.00751

.01378

I
.015 I .0 2 0

027.1 .036
i '4-19 n t sane  b t d i f f  sane  d
^ n e  a ,  same b , d i f f  fl. d i f f  d

ai *>1 *i di *i ai <*i
»1 ^  cq di
*1 >*1 *0 <C .01378 02.7— ^-036

■ d i f f bp •an* sane d
* n f f •3 • jn'vfl br sane c. sane d

l i f f , d i f f b, sane c> sane d
>̂ -Te a , d i f f b» d i f f 0 k sane a

• A f f I , aa^e b, d i f f c , same a
Af; a , d i f f b, d if f 0 sane a

» Jvne d i f f !>p some 0 d i f f a
• J i f f a , •*me sane e , d i f f d
• J i f f a , d i f f •axle a p d i f f a
* d i f f b. d i f f e » d i f f  a
m A f f sa^s ftp d if f e r d i f f  a
* IUff A , d i f f ft, d i f f Cp d i f f a

‘l & ai *»iai h*x hai *>1

ai kj *0«o kj ai ^
bQ b]̂
“o kj 
a l  ^  
"0 *>1 
^  h jai Jo ®o hjho ho

01 d!
Cl
=1 dl  
<=0 dl  
=0 dl  
=0 d l  
=1 0̂ 'I “o •T. ‘ki *0 do *0 ho <\J ho .01301 .026 .039

^ Maetcrre a v « i |« d  a t  e ln g l*  le e e le j  th e  o th e rs  ev e r a l l  le v e l* .
2 Ra- and * * 0 0 0 8 ^  » # 0 0 0 5 7  * -nd  * 0 0 0 ^ 7  r e s p e c t iv e ly  ■ e r r o r  ( r e a id u a l )

a n a ly s e s > r e s p e c t iv e ly ;  r  z 6 e r e p l i e a t i o f u i  a  c J e le v e ls  o f  f a c t o r  4; b •  3 ■ le v e ls  o f  f a c to r  0 ; (f\ 
t o r  U; /Q  :  2 < le v e ls  o f  f a e t o r  C; e t  ■ le v e l*  o f  f a c t o r  0 .      _

I n  v h o le - u n i t ,  e u b -u n it,, m d  au>>.flui>-unit 
: 9 s  l e v e ls  o f  f a c t o r  A x le v e l*  o f  fa c -
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APPENDIX TABLE 13

Phosphorus, percentage dry e e i t f i t  b a s is ,  i n  t h e  f o l i a g e  o f  t e o  p l ^ n t  t a n ,  C ^ f o l j o a  s a l l o « i a n *  a n d  L lg u s t r u J i  J a p o n i c  ip* ) , o n  t h r e e  d a te s ,  J  ( O c to b e r  5 ,  l 9 c C ,  and J  une 1

-an d  Ju ly  21, due to  f a c t o r i a l  trea tm ent*  o f  th re e  le v e ls  of s u lc h , i  (none, woodsha r in g s ,  and moodchips,/ and th re e  le v e ls  o f  f e r t i l i t a r ,  9 (0 , i ,  and 2 lb . o f c a lc iu o  n i t r i t e  p e r  ICC© *q. f t .

C u ltu ra l t r t a w e n t  
A /  B

fc 1 / e 2 ) / f (dj / d2 / d3yi
F e r t l l i i s r ,Mulch,

5 -1 -61 , d2I d j /  dj /  d jV l 10- 5 -6 0 , d1

abed

(di/d2/d3)/36 - 1 - 6 1 ,  d 2 7 - 2 1 - 6 1 ,  d j 7 - 2 1 - 6 1 ,  d3 10- 5-60 , dj 6 -1 -6 1 , d2 7 -21-61 , d310-5-60, dj

abed

♦167Of CaNQa, bi

abcdl abed
1#  CaSOj, b j

•163— -J.6.None. abed
2r  CaHC^, 63 .133 Oli8 .
(bi/bgjf bjVd

abed
Q# CaNCk, b j

II  CaNCb, b j

Woodshavings, 

•2 22V-t_.18U .2# CaWOj, 63

ft>l/ bj/ bj/J

Of CaNO^, b j ♦166-^_L3CL
*Ul7 OU91# CaNO^, b j

WQodchlpa

*19ii_ _*170? f  0 *4 0 3 , b .

192 .175

.lfii .i<o
C# CaSOj , ^ .196____ .203 —*20l|— _
1/ Ca'JÔ, bj

l»i/ a?̂  a3̂ 2 - C1NO3 , b j

Cbj / bj /
. la u  _ ia a .6 _

1 S u p e rsc r ip ts  ;.- ':ic a te  wh
2 ? a c h  v a lu e  i s  * r-ean  o f  : 

c a t i o n s  * 3 l e v e l *  o f  f a c t o r

i c h  f a e ln rs  are a v e r a g e d  a t  a s in g le  l e v e l ;  ot*\-.r f a c to r s  b e in g  a v e r a g e d  o v e r  *1 1  l e v e l s ,  
ix r e p l i c a t i o n s  m u l t i p l i e d  by  th e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r  n o t sh ew n  a s  * s u p e r s c r i p t ,  *■ g .  » v a lu e  w i t h  a a u p e r r c r i p t  o f  * 'ac "  L* * '.ca n  o f  5b o b s e r v a t i o n s  ( 6  r e p l t -  
S 1  J le v e ls  o f f a c to r  D).



APPENDIX TABLE Hi
S tan d ard  E r ro r  o f  D iffe re n c e s  (S£) and L e a s t S ig n i f ic a n t  D iffe re n c e s  (LSD)

fo r  th e  d a ta  o f Appendix T able 13 . _ , ■_____

It.nl D iffe re n c e  betw eeni M e a s u r e d  a i t S3 Model* =3

L S D
.0 5  ! .Wi_

.0 0 9 2  i .0 1 9  i .0 2 6
A f f e r e n t  b - bo t e x f r a r  a .0092 .019 .026
D iffe re n t e / z s b/ r  a r >0073 016 .021
D iffe re n t d - /? E c / r A 0 .0 0 3 8 .0 1 7  ! .0 2 3
ji iB  a ,  d i f f e r e n t  b 
A f f e r e n t  .i, sane  b 
D iffe re n t a ,  d i f f e r e n t  b

n  bi
l i  b<
a l  h i

*1 ho 
bl  

l O ho
p r

>0159 .0 3 2  i .01x3
l i n e  a,  d i f f e r e n t  C al  c i -  *1  Oq /z E h/ r  I

A ffe re n t  a ,  eaue c 
A f f e r e n t  a ,  d i f f e r e n t  e

» i c i
ai  =1

*0  Cl 
a0  ' 0

. 0 1 7  l i

- l )E b / E 3 / r  f / i  b
. 0 1 7 2

.027  .CP6

JD27- ~.036„
^ 0 5 6 ,

J'kne 11 d i f f e r e n t  d « l  "o .0216
fl.i_fr.rcnt a ,  sane d 
A fi'.jro n t a ,  d i f f e r e n t  d

*i ‘•i *0 “l 
*0  f j iQ lg g .0 7 1  .Qkl

S\~» bj d i f f e r e n t  e b l >1 -  *>1 ^3 i ^ % 7 r 7 » . 0 2 ? : .0 3 6
A f f e r e n t  b , san e  c 
A f f e r e n t  b t d i f f e r e n t  e

b l ®i
®V. °1

^ *1 
°0 / z  ^ a - D Z a t t ^ / T f / S  , .0 1 3 2 .02? .036

.0 6 6Jane b , d i f f e r e n t  d b l <h. - bl do /d E c / r .0216 .0U3
D iffe re n t b , same d 
A f f e r e n t  b* d i f f e r e n t  d

bl dl 
b l <5l

**> *1 
bo do a0 l55 .0 3 1 •Oiil

lame c , d i f f e r e n t  d <*0 n  E c A .0 7 7 6
A f f e r e n t  c ,  san e  d 
A f f e r e n t  e 4 d i f f e r e n t  d

.071» i .098
- c0 <*0 l / z [ ( r  - D S c / E t ] / r * r .012-3 .02 6 s03Ja.

i n s  a ,  * \ns b , d i f f e r e n t  c ai h •« ^Z E b /r .0 2 3 3
Ja>s 1 , d i f f e r e n t  b ,  same a 
A f f e r e n t  a ,  s a n e  b , aa-i* 0 
A f .c r e n t  a ,  d i f f e r e n t  b , sane  e 

t ,  d i f f e r e n t  b ,  d i f f e r e n t  e 
A f f e r e n t  a ,  sane b ,  d i f f e r e n t  c 
A f f e r e n t  a ,  d i f f  b , d i f f e r e n t  c

Oi
al  bl ei 
al  b l  °1
»1  bi « i
al bi 01 
»1  b i o j

a l  bo “1 
“0 bl ' 1  *0 ^ »1
C-1 bo OQ 
*0  b l eo 
*0  bo cq

/zQ-* -DEb/Ej/rW

Jons a ,  sane b j d i f f e r e n t  d "1 b l  dl  “ a l  h  do
0 2 2 9  . 0 ).t6  S .0 6 2

.0 2 6 6  i .0 6 2  ; .0 6 9
lime a |  d i f f e r e n t  b ,  earn# d 
D if fe re n t a ,  sane  b , san e  d 
A f lo r e n t  a ,  d i f f e r e n t  b* same d 
Jans a , d i f f e r e n t  b ,  d i f i e r e n t  d 
A fx e ra n t  a ,  same o> d i f f e r e n t  d 
J i f i e r e n t  a ,  d i f f  o, d i f f e r e n t  d

" i  h  J i
*l ^ ^ “1 b l  d l
•1  b l  d x
*1 b l  d]̂

- “0
b° 41*1 bo do

_ „ “o bi do
b l d j -  «o bo do

Q> -i)Ee

. 0 2 6 9 .061; .0 7 1
•>*716 a, sane e ,  d i f f e r e n t  d el  dQ /z E c / rb .0216
ja n e  a , d i f f e r e n t  z, sane  d 
jane t ,  d i f f  e ,  d i f f e r e n t  d

“i  “i  ° i• l  Cl d l
- *1 m  f  - D E e / E b J / r / . *0222 , 0 U.q .069

A f f e r e n t  a> same c ,  sane  d
A f f e r e n t  n, s.ine c ,  d i f f e r e n t  d
A f f e r e n t  a ,  d i f f  c ,  d i f f e r e n t  d

“1 c i  dj.
*1 C1 >h
ftj Ci d]̂

ao c\ dj. 
*C C1 Oq 
*0 °1 dQ

•fi\f (/--1)EC/ {0 -Dtb/E /̂rjS^b
.0221 . 0 U6 .069

jame b , sane e , d i f f e r e n t  d bl '1 b l “i  ^ /7T77 .0216 >0 U; .066
J a n  b> d i f f e r e n t  c» san e  d 
jA ie b, d i f f  e 4 d i f f e r e n t  d h  ° i  J

bl °1  d l
‘  ^  =o di  * “l co “0 /%?? -l)!c / Êj /rf  . .0222 .Olth .0 6 7

'A i fu re n t  b . san e  c ,  sane d
A il 'e r e n t  t>( san e  c ,  d i f f e r e n t  <2
A f f e r e n t  b ( d i f f  e f d i f f e r e n t  d

1»1 CX i
111 Cl 15

bo «1 di
bo C1 do
ICo CO <io

{2[ j ?  ( ^ - 1 ) E C/

.0221 .Qlik ! >069
sane b , san e  c> d i f f  d 11 ^  <?i i i  -  *1 b j c j  dy fZ E c /r .0 3 7 6 .071; : .0 9 3

iAne a. 
J i - e  a,

some b* d i f f  e t erne  4 
sane b , d i f f  e ,  d i f f  tl

*1 h Cy dl
»1 b t Oy iSy .036U . 0 7 6  .1 0 2

^ - e  ij
I f f  a ,

D iff i ,  
a .

A f f  i j  
A f: a . 

im e  a r 
A f f  a r 
A f f  
Jane a , 
A f f  a , 
A f f  a,

d i f f  b, 
sane  b ,
d i f f  b ,
otirr b,
same b , 
d i f f  b r 
d i f f  U. 
sane  bfdifr t,
d i f f  b* 
sane  b, 
d i f f  b .

san e  c .  
san e  c t
d i f f  e» 
d i f f  c ,  
d i f f  c f 
san e  c ,  
san e  Cj 
s a n e  0 * 
d i f f  c ,  
d i f f  c t 
d i f f  c .

sane  d 
M e  d 
sane d 
sane d 
sane  d 
earse d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

Cl di
c i  d! 
Cl d! 
' 1  <*1

a l  iJ0 
*0 bl
•\J hy
al bo
“o  b l 
“0
*1 by bO •>!
*0  bu 
»1 >1 
' 0  h
*0  *>0

cL d ! 
ci d i 
c j  di
C(J 
Co 
Co 
Cl

®1 .
Co dy 
e0  <<0 
Cy dy >0382 .0 7 6 .102

^ p a o te re  i t *  a*ed a t  a i n ( l e  l e s e l i j  th e  o th e r*  ftear e l l  lw e L i .

A , Al. C”4 *e ■ .00ll56 ' ,00l;68 ' ,nd ,00l;2l . error (i-Mldia!)
aitaljraeB j r e s p e c t ! e e ly ;  r  r  6 * re p U c a tib n * !  a  s  3 * l* » e l»  of f a c t o r  1 | l> ■ J  * l e v e ls  o f  f a c t o r  li;
t o r  D; :  2 1 l e v e ls  o f  f a c t o r  Cj ^  ^  ______________

Ln w tio le -u r ti t. lu t ^ u n l t i  and  sub .su i> -u n lt 
* 9 a l e v e l s  o f  fac tc rr  A x le v e ls  o f  fac -

122



APPiliDIX TABLE 19

Potassium , percentage ^  b a s i s ,  in  th s  f o l l a g .  o f  two p l s n t  t a n ,  C (Cary3Qnth 0103 ' t r i o r s '  a id  Chiys a n tb n i 'j :  'C h r is  C o lo ibus* ), on two d o te s , 3 (" sy  J end

and J u ly  J ,  1 due to  f a c t o r i a l  ire ^ tn c j ita  o f  th re #  l o r e l s  o f  mulch, A (none, w oodaharings, and w oodchips), and thsreo I ctsI s o f f e r t i l i r e r ,  3 (D, 1 , ind  2 l b .  o f  c i l e iu n  n i t r a t e  p e r  1000 an. f t , ) ^

C u ltu ra l tre a tm e n t, k /B

M ulch, I

None, a^

f b 2 /  b 3) /3

Woodshavinga, a?

V oodc^ipa, a-j

i i2 / i-j/3

 ̂ c r i :• t r
2 £ach V3l':e 

l i c a t io n s  X 3 '-'- •c

F e r t i l i z e r ,  B

0#  CaNO^,

1 # CaNOj, bg

2# CaSĈ, b3

0*' CatfOj,
\i Ca!iC3, b2
2* CalJÔ,

oi c»:)0j, bj 
H  CsMOj, b j

2 *1 ClNOj, b j

/ b ;  /  b 3J / l

3.71
O’ CiSO j, b3 3 , 8 3

1 - CaNOj, b ;

2 e Ca.'J03 , bj

(», f b, / bi;/i

Chrysanthewmt 'A r lo ra 1

p l l n g  d a t e ,

5-2 6̂ 0 , 61

J A
3.76 __ 9*12 UJik

abed abed

.3*13 ^  k J il8.68

_2*6ii_
abed

3 . 8 1 -

abed

acd

3.77
J 3 a 7 _ 8

3.90

abed

abed

-3 ,6 1
-3.80

-3..7!

abed

a c d

bed"

bed
” T>cd"

cc

7 - 2 -6 0 , d?

3 u 3 !
abed-

_5*.ca
l u l a

abed

l u l l -
Ju flC

Ju 6 8
iu S !

-5 .0 2 .
- 5 0 6 .

—9.01

abc3"

abed

h -& —
! 7 0  J  14.27
k *93 — ^ 3  

^  ed

Ju91

U «3U
abc

abc

- I w l i Q

J u l L

- l u l l

h.22
Ju31_
k.2k__

A . 93-

"Tbc

iBc

be

1u 29-
k*k2

k.33

Chrysanthemum 'C h ria  Cclujnbua, Cj

S a  m p l i n g d a t a ,

5 - 2 -6 0 , d :

2 .7 1
abed

_2*58_
1.91.
2.01

»tc<J

2 ^ . 2 0

2..QL
2.51

a

_2*3k.. 
-2.32 *

2.39 .be<

2^ !
2 o 2 ? . ^

2.U3

!c..*.e f . c  f a c t o r s  t h a t  o v * 'rn ., ' ; (] ?. t  a 
'■ .'o of ih< : \> p l tc a tk r s  - y 1
o:' •‘ r’c tr tr  1  J  le v e ls  01' f a c to r  1 ) .

,’ l e  l o v d ;  r  f - ^ t o r s  or
r-' r . 'G i '. ;v n  1 " v c \  o f  -r.cn

2 , 3 9 -
1 "i  ̂ rsV ifjivd ovar 
t o r  r . 'H  sK<svn a s

7 -2 -60 , d2

a . 90
abed

k.k6
abed

-U.93-

U.5Q_

abed

acd”

- 3 . 9 0

- l i . h l

~k*9£-

_k.29

abed

TbccT

acd

.ucy
___

abed

abed

.1 .93—-
acd

bed

-k .il9 ^ ra  
. k .6 8 -----

cd

- 1 1 8 — - 
a l l  l e v e l s .

a  s :.ir.‘' r .  c r i p t ,  e .

3.92
A .1 L

5-1-6C, d j

3.19

. 1 * 6 !

2 . 5 2 .

J .2 X
3.38

3.18

abc

a be

abc

..3 * k !
3.k7.
3.62L

abc

abc

abc

J * 0 9 .

3.23_

2^11
2 * 9 2 .

2 . 3 k ^

abd

abd

-3.00

2.92

3.92.
3.3Q-

-3.-38-
-3^59-

3.itl

_3*l5_
_2,90 
-3 -a ll-

3 .09^

abd

abd

ad

3*09-
2.9k-
3 .H

3 ,0 9 — L_k,69

7 - r -6 0 ,  d;

k.68
U.79

Ju.83
ad

.k.77
k.19

„luS9_
u 7Cl

abd

li.h8
k . * 6 !

i u B l .
abd

,-5*£
* abd

2 i * 8 3 -

-U.k9-
-U.73
J u f l !

3.93

J u O !

3 .9 1
T.9U
3.22_
3*8-9-

3.70
3.89
3.89

_3*9li-
-3.79-
- 3 .8 !
3.99-

-3*87-
?t.  a  v s l - c  . I t h  ^ i ; a 7 < T J c r i " t  o f  " a c "  i s  \  o f  36  o b s e r v a t i e n s  ( 6  r a p *



APPENDIX TABLE 16
Standard E rror of D ifferences (Sg) and Least S ig n ifican t D ifferences (LSD)

_______________ fo r the data of Appendix Table 13.

D iffe re n c e  betw een t M easured ae i Sg Model 33
L 3 D

• U5

-11 j .17
A f f e r e n t  b bo M J t a r . .061x1 J . 3  ! . 1 7
D if fe re n t  e /sE|,/r o -r .052? -*XL a l i i
A f f e r e n t  d - A) / 22e / r A  6 *03ixl .11 .1 U
j i ’ie a ,  d l f f o r e n t  b 
A f f e r e n t  a ,  sane b 
iJ i f io re n t  a ,  d i f f e r e n t  b

M bl 
a> bi
ai ti .1111 >22 ! .30

la n e  1 , d i f f e r e n t  c a l  Ci *1 °0 /? E h/ r  I b ..>0213. .13 .2 ->
A ffe r e n t  a ,  *a*iw c 
A .T e re n t a ,  d i f f e r e n t  c

al °1 
al ci

*0 «1
*0 00 .0210 .13 .2$

Jane i ,  d i f f e r e n t  d »1 <*0 . 1 3 -2 5 .26 j .
A .f , r u n t  a ,  sane d 
.A ffo ro n t a ,  d i f f e r e n t  d

*1 a. aj “*i 
•0 “0 /?[?/■ .092 .18 > 2 h

.la-e b # d i f f e r e n t  e
.Q913 .13 ! .23

A f f e r e n t  b , *an* c 
A f f e r e n t  b , d i f f e r e n t  0 &  01 a °i

a  °i
A °0 .0910 03-1 .2g

Jane  b * d i f f e r e n t  d A do IGzjT ' .1323 .26 ^ 3 k .
D iffe re n t b , s in e  d 
A f f e r e n t  b , d i f f e r e n t  d

bl <*1 
tl bl

brj di
bo do .092 .18

^m s c , d i f f e r e n t  d f Z J r . 2 2 0 $ .1x3 ! .60
i / t f f e r o n t  e f sane d 
J t f x e r e n t  e ,  d i f f e r e n t  d

*1 °1 f t [<r -Die/ ■0733 .13
I

i £ 0 .abc ii-ie  -i, sane b, d i f f e r e n t  e a l A  °1  '  J 1 h  °0

*1 A °i 
*0 A  *1 
*0 A) “1
a l  CQ
*0 bl c0 ao bQ cq

.32 _>1l L
>x'«e i t d i f f e r e n t  b ,  sane  e 
.h f f e r e n t  a ,  e rn e  b , sane  0 
A f ic r e n t  4 , d i f f e r e n t  b r sa.11* c
j-i-v  ij d i f f e r e n t  b ,  d i f f e r e n t  c
A f f e r e n t  a» sa-ae b , d i f f c i 'e n t  c
A f f e r e n t  i ,  d i f f  b , d i f f e r e n t  0

a , b L
a£ b l  01  
■1 b i 01
»1 A  °1
al  b i 01■l bi 01 .1376 i 3 L J a

jo n e  a ,  pane b ,  d i f f e r e n t  d "1 *>i “*1 **1 do f t lc /r f i .1623 -*52_
>vne a ,  d i f f e r e n t  b c east* d 
d i f f e r e n t  a ,  sane  b , sane  d
Lh f i e r e n t  u j d i f f e r e n t  bf san e  d
d m e  i ,  d i f f e r e n t  b , d i f i e r e n t  d 
d l fx e r e n t  a ,  sane  u , d i f f e r e n t  d
d i i 'i e r e n t  a , d i f f  u, d i f f e r e n t  d

* A b0 Jl
*° £  31«U bo “1
A A A
»o A A

.15 27 *32_ . 1 2
Ja se  a ,  sane e* d i f f e r e n t  d a  A /Sc/rb

. 1 3 2 3 - _*26_ 3 k
l i n e  a ,  d i f f e r e n t  c, sane  d 
*»ve a ,  d i f f  c ,  d i f f e r e n t  d

*1 °1 »1 cc Qj_
a l cC “*0 f? Q f  -DEc/E^J/r/a

*! 3f)R - * 2 I - .3 ^
ih fx e r e n t  a ( sane  c .  sane  d
J i f f e r e n t  a , sane  0 , d i f f e r e n t  d
A f f e r e n t  a ,  d i f f  c .  d i f f e r e n t  d

ai n  <*1 
a l  C1 
ai ci di

a© 01 d l 
Hi C1 <*0 
"0 'l %

(/f-DEb/Ê /r̂ rf-b
.1306 .26

dane b , some c ,  d i f f e r e n t  d bl Oj d l f i z cA .132.3 -* ,26-
dame b , d i f f e r e n t  e t sane  d 
ja-ie b, d i f f  e , d i f f e r e n t  d &01 J>*1 °i di °i

-0 “1
!0 ^ DEc / E ^ j / r / ' .

0303- *27 , .35-
d i r o r e n t  b , sane  c ,  sane  d

J i f . e r e n t  b, sa/ne c ,  d i f f e r e n t  d
A f f e r e n t  b, d i f f  c .  d i f f e r e n t  d

b l « i  d l
1*1 Ci *
bl «l <5

bQ «1 dl
“0 C1 Aj 
l\ , ' 0  bo

(■ f - l ) E c A ( ^ - l ) E b / E 7 | / r > /  a

.1306 . 2 6 - ■><

ibod jT-ie 1, sane uj sane  c t d i f f  d ’ 1 ^  0] d i  -  a j  tn  dy
. 2 2 9 3 .1x3  ' . 6 0 ,

sane b, d i f f  e f sen e  d 
eene b , d i f f  « ,  d i f f  d

■l >>1 ®1 d l - “ l  h  H  dl  *1 bl *1 *1 • *1 bl «0 rto ..2266 1x3 j -6 0
^ ”'9 I f
nr:' a ,  
A f f  a. 
j a  xe a ,  
A f f  i ,  
A f- a ,  

ji-!«  a , 
.A ff  a , 
A f f  * , 
J''.-*# \t 
A f f  a ,  
'A f f  a ,

d i f f  b, 
sane br 
d i f f  b , 
S i f f  b , 
sa*e b , 
d i f f  b„ 
d i f f  L( 
■ane b # 
d i f f  b r 
d i f f  b , 
sane b, 
d i f f  b*

■ O-TO C, 
sa-?fl c ,  
san e  c ,  
d i f f  c , 
d i f f  c , 
d i f f  c , 
san e  c , 
eane c ,  
s e e *  o , 
d i f f  e , 
d i f f  c ,  
d i f f  c ,

sane  d 
sane  d 
eane d 
sane d 
9 One d 
•one d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

»1 b|J
»o >>i 
»o Wj 
a l  bo“O ^

"•l - . bf 
“1 Nj 
*0 ”1 
*0
*L bo
*0 h  
»0 bo

e i  di 
=1 J1 
c i  d i 
>=0 ^ 
<=0 “h
<=0 d l
°1 Ai 
“1 A 
°l Ai*1 A 
co A) 
ao A/

fi\j9 <. f-Dtt / 0f

. 2 2 6 2  . l t 3  . 6 0

1 F ac to r*  i w a f e d  a t  t l n d e  X rre le i th e  o th e r s  o v e r  a l l  le v e l s .
^ E*. end  Sq * . 1 U 8  . . 1 5 0  , and  # X ^ 8  r e e p e e t l v e l j  ■ e r r c r  ( r e a ld a e l )

• m l y i M t  r e e p e c t lv e l / )  r  z  6  •  r e p l ic a t io n s ;  a  S 3 ■ le v s l e  o f  f a c t o r  i ;  b ■ 3 * l e v e l s  o f  r o e to r  9) 
t o r  9 ; ^  :  2 * le v e ls  o f  f e e t o r  C; ^  » 2  ■ le v e l*  o f  f a c to r  1). ^

In  ^ l o l ^ u n l t ,  s u b m i t ,  and aub-9ui>*urvlt 
s  ? s  le v e l*  o f  f a c t o r  A x le v e ls  o f  fac -

12i*



APPENDIX TABLE 17

Potassium, percentage dry woight b a s is ,  in  th e  fo lia g e  o f  two p l m t  ta x a , C ^F eijoa s tllo w ian *  and Liffuatru.’S Japonlcum) ,  on th re*  d a te s ,  J  (O ctober 5, 1 and Jun* 1

-an d  J u l j  21, 1961), dus to  f a c t o r i a l  trea tm en ts  o f th re e  le v e ls  o f mulch, i  (non*, woodahaTlngs, and eoodehipsj and th re s  le v e ls  o f f e r t i l i s e r ,  & (0 , 1, *nd 2 16. o f calcium  n i t r a t e  p e r  1000 sq. f t* } 1.

N>NA

C u ltu ra l t r e a tm n t  
* /  *

( e ^ c  0 / 2 (d: / d2 / dj/3
F e r t i l i s e r ,Muled,

6-1-61, d2 (di/d2/ d3y>[di /  do /  d i) /3 7 - 2 1 - 6 1 ,  d*6 -1 -6 1 , do 7-21-61 , d3 10-5-60 , di 10-5-60 , di10-5-60, di 5 -1 -6 1 , d? 7-21-61, do

Of CaHte, 6 i

1# CaHOj, b j

i  one •
7§ CaNO^, bo 1.01
x>lf 6j / tyri

0§ CsJtĈ, bj
I f  CaN0 3 ,  b j

•be
1.07Woodshavings 

■2
2$ CaNO^j 1.07

( b j /  b J O

Of CaNOj, ^

lfCaN C^, b j
woodcMp* •bed

it CaJtĈ,

frl/VV3

Of CaNOj, o\ .88
I f  CaNOj, b j

(*1 / »2 * ajiO 2 '  C*N0} ,  b j

[bj / bj / b̂)/3

* S u p e rsc rip t*  .r.d ica te  «h 
? facn  value is  a r e a r  of 

c a tio n *  x J le v e ls  of fa c to r

ich  fa c to rs  a re  averaged a t  a s in g le  le v e l ;  o th e r  f a c to r s  being averaged over s l l  le v e ls .
sLx r e p l ic a t io n s  m u ltip lie d  by the re sp ec tiv e  le v e l  o f each f a c to r  n o t shown as  a s u p e rs c r ip t ,  e .  ft. a value w ith  a s u p e rs c r ip t of "ae" i s  a mean of 5b o b re rv a tio n a  (6  r e p l i -  
3 * 3  le v e ls  o f f a c to r  D).



APPENDIX TABLE 18
Standard E rro r o f D ifferences (Sjj) and Least S ig n if ic a n t D ifferences (LSD)

______________  fo r  the data o f Appendix Table 17» _____

Iteel i D i f f e r e n t  between!

A f f e r e n t  a

H e tN ra d  e a t S3 Mod*1S

V 5 . / r 7 / -  b

sa

. 0 1 8 6 .

L 3 D
•os

33lx.

.01

335_
d i f f e r e n t  b -  bo ■ter» . 0 1 8 6 * Q l i _ 3)5_
D iffe re n t c

d i f f e re n t  d
■ Ql)i6
.0170 .m -

•Sk.
jj-w  a ,  d i f f e r e n t  b
A f fe r e n t  a ,  s i ' s  b 
A f f e r e n t  a # d i f f e r e n t  b »i ft

*i ftft ft
* 0  ho .0322 *Q6_ -*Q2_

jams i ,  d i f f e r e n t  c n  c i * »i «o / 2Srj/ r  /  b ^252_ _*Q5_ .07
A f f e r e n t  < f eane  e 
A f f e r e n t  a ,  d i f f e r e n t  e

K  °1  ■l °1 "O C1 
*o e0 .02?8 .0 ? .07

jama a ,  d i f f e r e n t  d - »1 <*0 (STTrt .01x16 a x
J i i f v r o n t  a ,  jan»  d 
• J lf f jro n t &j d i f f e r e n t  d

*i ft »i ft ■o ft *0 ft f ^ r - D S c / i ^ / v t r t .030k .0 6 ,08
i-iT* t>, d i f f e r e n t  e ft ®i - ft «0 ^ E b / i r* -.0252 j OL
A f f e r e n t  b> eane  e 

■D ifferent b , d i f f e r e n t  o
'ft ft'ft °Cl .0258 tOX eQ2_

la n e  b , d i f f e r e n t  d hi ft -  b i <Jq .01X6 3 1 6 2 . .108
D iffe re n t b , eane d 
A f f e r e n t  b , d i f f e r e n t  d

b l dift ft to ft
bo do 6 [u- I .030U .061 .080

lim e c , d i f f e r e n t  d “1 "*0 / j E o / r .0721 0 X 2 . .187
A f f e r e n t  e> eane  d 
A f f e r e n t  c ,  d i f f e r e n t  d *0 ft .021x5 ■ 3 0 1 x 9 . ■065
i*ne a ,  » v *  b , d i f f e r e n t  e *1  h  « ;  - » i  b i  *(, « ^ b h r

*i ho ft •o ft «i 
*0 ho <•!
a i  bQ oq

•0  ^1 CC
«0  bQ CQ

,01x32- x iai n e  a .  d i f f e r e n t  b , eane e 
A f f e r e n t  a f earn# b ,  same o 
AJTicrent a ,  d i f f e r e n t  b , earn* o 
l in g  i t  d i f f e r e n t  b f d i f f e r e n t  c 
A f f e r e n t  a ,  eane b ,  d i f f e r e n t  c 
A f f e r e n t  a ,  d i f f  b , d i f f e r e n t  o

f t  b l f t  *1 ft ft 
f t  f t  *1  ft hi ft 
■1 I>1 * 1
*1  b l  *1

fr\\a - i ) E b / s J / r re

jon* a .  same 0 , d i f f e r e n t  d *i ft ft / 2E c / r /
.01X7
3J510_

. 0 2 0 .

.100
_,121j
x r n

jama a ,  d i l l e r e n t  b t  Su m  d
D if fe re n t a ,  e a rn  b a eane d
A f f e r e n t  a ,  d i f f e r e n t  b , same d
Dane i ,  d i f f e r e n t  b ,  d i f i e r « i t  d
A f x e r s n t  a ,  same ot d i f f e r e n t  d
u l i i e r e n t  a , d i f f  b, d i f f e r e n t  d

 ̂£ il & 21 
‘ 1 h i  h ift ^ di*1 ^ ft *1 hi ft

11 k° ^ ̂h 5■>0 f t  f t  
ft h|J "ft«0 ft ft 
*0  bQ ho

f i R t  -D E e / m />-fit

.0,527 .3105- .139
ja?te a , can# c t d i f f e r e n t  d -  o i Jq .01X6 3182 x o a
Jana a .  d i f f e r e n t  e* same d 
K»rr>a a ,  d i f f  c ,  d i f f e r e n t  d

* i “ i “i  
* i  c i  ^

»1 ° 0  dl  
■l co ao - l ) ! c > E  Q A / - . >01l23 .08k .112

A i la r e n t  a a sane  c* same d
A f f e r e n t  a* same ct d i f f e r e n t  d
A f f e r e n t  a a d i f f  e f d i f f e r e n t  d

*1 "1 *1 
*1  c i  d! 
*1  cL

• o  C l d l
»o C1 hQ 
*0  °1  'f t

ia"M b . sane c> d i f f e r e n t  d b i 8 l h i °1  ■'o

h f y  ( . r - u t e H *  - D t b / i 3 / r ^ , r b

^ E c / r a
>0li27
.0L16 .0 8 2

■U2
dame b , d i f f e r e n t  e f Mme d 
^l-^e b , d i f f  e ,  d i f f e r e n t  d

hi °1 J. - h. =0 di
h i ®1 -  °1 «o “*0 .0U23 .08U .112

A if c r e n t  b, sane c, aaae d
A i 'i  e r e n t  b» sane c» d i f f e r e n t  d
A f f e r e n t  U, d i f f  c* d i f f e r e n t  d

h  ®i <h
^  01  %  b l  Cl

•ft C1 d l  
“0  °1  ‘ft
1f t c0  <ft .01x2-7- .OSlx - 3 1 1 2

sane b t same c ,  d i f f  d J1 hi «1 <*1 ‘ *1 hi «i ft, .0721, ■ X 12 .187
i>me M m  b ( d i f f  0 > tame d
jim e a> M i*  bt d i f f  e ( d i f f  d

• l  > . *1 d L
»1 h i  « i

I h ' n J  *1 “1 “o ft .0733 .316 *19lx
A i#  ri j
d f ;  a , 
A f f  1 , 
ja 'iq  a t 
A f f  i ,
d f ;  a ,  

jxno a , 
>HSr a ,  
D iff a , 
jX-xe 1 , 
A f f  a , 
- d f f  a .

d i f f  b , 
aa^e  b f 

, d i f f  b> 
T lif f  b , 
same bj
d i f f  bj
d i f f  ht 
seme b ,
d i f f  b a 
d i f f  b , 
sane b, 
d i f f  b #

same c , 
d i f f  c , 
d i f f  c ,  
d i f f  e> 
same c ,
MT» Q,
eane «,
d i f f  c ,
d i f f  cr
d i f f  c .

same d 
M e  d 
eane d 
eane d 
eane d 
earns d 
d i f f  d 
d i f f  d 
d i f f  d  
d i f f  d 
d i f f  d 
d i f f  d

di
d!
*1

d1dl

J

®i di -

H  *ft *0 hi
*0  ftl “1 ft ft ft ft ft *1 ft ft ft ft ft
*X 5° *0 ft
*0 f t

°1 ft
c i b i 
c i  d i
ft ft ft ft ft ft ft ft ft ft ft ft ft ft c0 ft ft ft .0739 .11x7 .195

1 F i t t e r s  t * e * |* d  a t  sim tVe th e  o th e r s  c e e r  a l l  l e v e l s .
2 I . ,  f t ,  »nd 85 •  . 0 1 8 7  • . 0 1 7 2  ■ *«> . 0 1 5 6  ■ • m r  ( r M ld i i .1 )

e n a l j 's e a ,  re e p e o tlv e ljr i  r  t  6  a r e p l ic a t io n s )  a  s ) • le e e ls  o f  f a c t o r  Aj b a } * le v e l#  o f  f a c t o r  D| 
t o r  1); /3  • 2 a lo r e  l a  o f  f a c to r  C; ^  ■ le v e l#  o f  f a c to r  0 .

in  e h o l ^ u n i t ,  Bub->m it, and  ju b -so ti- iin it 
» ?  1  le v e l#  o f  f a c t o r  k x  Levels o f  fac-'
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APPENDIX TABLE 19

Sodium, p€rC61Xt3g6 *** ln  th » ° f  l» «  P**nt t - w ,  C iC h n r.„n U>en«i ' A r l i n ‘ .iad :h r;-3.--n‘.:: e - =  'C h r is  C c l 'i -b u » ') .  on t»o r!nte«, 1 ( " v  2 and
m d J u ly  19-O'ji due to  f a c t o r i a l  tre a tm e n ts  o f  th re e  le v e ls  of -uilch* * (none, -oodohnrlnffs, and iroodch ips), and th re e  le v e ls  o f  f c r t i l l ^ r ,  1 (0 , 1 , h id  2 lb *  of c i lc iu n  n i t r i t e  per U <€ s% f t . ) ^

P 1 a n t t a x a c
Cultural treatment, Ar 0

Chj7santhenttJrt 'Arlora'* el CLrysanthenurt 'Chris Colunbua, Cj (Cj/ C2>/?

Kulch, i Fertiliser, B
3 1 ra p 1 I n g da t a, D S a m P 1 i n g d a t •, D

5-2-60 u 7-2-60, d2 (di/ '-7)n 5-2-60, dL 7-2-60, d*> (dj/djJA dl 7-J-60, d2
0# CaNOj, .0 1 0

abed abed
.0 5 3

abc
.0 3 2 .0 1 0

abed abed
.0 5 2 . 0 3 1

abc
. 0 1 0

abd
.0 5 2

abd
. 0 3 1

ab

1* CaHOj, bj L*01Q
abed abed abc

-_.Q2.7- . .0 1 0 .
abed abed

.0 3 5 j.0 .22
ale

. 0 1 0
abd

.0 3 9
abd

.0 2 5
ab

None, ?# CaNOj, by .0 1 0
abed abed

.0 5 2
abc

- . 0 3 1 .  .. ,0 1 0
abed abed

.0 3 0 .0 2 0
«1 DC

.0 1 0
abd

_ .P i i l
abd

.0 2 5
ab

acd acd ac acd acd ac ad ad •
(b-t J b2 / }̂)/3

_Q 1Q . _ Q 5 Q ...ct *030 .... .0 1 0 . .0 3 9 _^02U .0 1 0 .OI1I4 .0 2 7
0+ CaNOj, ,0 1 1

abed abed
— Q57-. abed 

.0 6 0

abc
_ .0 3 ?  .. .abc
.. .0 3 5  ....

.0 1 0
abed abed

.0 3 5
.0 2 8

abc
.0 1 2

abd
.0 5 1

abc
.0 3 1

ab

11C4NO3, bj _ ,0 1 0
abed

,0 1 0
abed

.0 2 2
,ibc

.0 1 0
abd

.0 b 8
abd

.0 2 9
ab "

n'oodshavlngs, *2 2* CaNĈ, by
- .Q i $ -

abed abed
— .OliG— ..• acd

abc
.0 2 8 - .0 1 0 .

abed abed
„<">?7 .0 1 8 —

abc
,0 1 3

aid
- . 0 3 3 .

abd
,021

ab
acd ac acd acd 1C ad ad a

(^ /b 2 V *y)h
* 0 1 3 .0 < 2 - . 0 3 2  . ,0 1 0 . 0 3 6 .0 2 3 .0 3 1 .olth .0 2 8

G* CaNOj,
.0 1 3 .

abed abed
•0li3__

abc
- . 0 2 8  - ,, L . 0 1 0

abed abed
.0 3 0 , 0 2 0  _

abc
, 0 1 2

abd
. o il

abd
. 0 2 U

ab

H CaKÔ, bj
.. .0 1 7 .

abed Ubcd
- . * 0 U2 __ ,

abc
...0 2 7 --  - . 0 1 0

abed abed
_.Q30._ 1 . 0 2 0

ate
. 0 1 1

abd
, 0 1 6

abd
.0 2 3

ab

'rfoodchtps, Ay 2 4 CaNOj, b3 .013
abed aocd abc

. 03) i ...... _ .017
abed abed

.038-.... -025
abc

-_.012
abd

J i 2 _
abd

-030 ab
acd ac acd acd ac ad ad a

 ̂/ *3)̂
-.013
*012

bed -,0li7 -.030 - *  
*032 ..

.011 — *033—bed
.0lt.2_.-

.022 .012 ♦0liQ_ .026
Of CaNÔ , bj * * f Uttd

•OSL-s. 
— .0U8-

.010
bed

. 0 2 6  _
be

. , 0 1 1 -
bd

-.017
bd

t 0 2 9
b

tT,. i l j /  !jj/j
I* CaNOj, 63 -.010-

bed
.030 *  

-.0 3 1 -—e
.010-

bed ' tied
.033_-^_ .022-

Be
,010

bd
^ h l -

bd
,026

b

2* CmNOj, b3 -.013-
Led

.011
bed • ted

.0 3 2 ---cd -.021
re

.012
bd

,oUo
bd

,026
b

cd cd e d d
(bt / b, / b3;/i

.012 _ .050---- _ .031. .01£>_ .036, .023 ,011 —cky. __.027
 ̂ f'V-r.'cripts ir .ic.tte the factors that are nverared .it a s-M’le level; other factors being averaged over all levels,

^ L ic h  v a lu e  i' .1 o e a n  o f  i  ,x r e p ]  I c a t  ic - r s  • ' j i t  i"«l :e d  vy  to e  r e s p e c t i v e  l e v e l  o f  o r,c h  f a c t o r  n o t  show n  as  a s u p e r s c r i p t ,  e .  g ,  a  v a l o e  w i t h  a s u n o m c r i ' - t  o f  " a c "  i s  .1 x e a n  o f  36  o b e e r v a f t e n s  ( 6  r«p- 
H e a tv o .n s  x 3 l e v e l s  o f  f a c t o r  1 x 2  l e v e l s  o f  f a c t o r  0 ) ,



APPENDIX TABLE 20
Standard Error o f D ifferences (Sjj) and Least S ig n ifican t D ifferences (LSD)

______________  fo r  th e  data of Appendix: Table 19.

I te m l D iffe ren c e  betweens

it f f e r e n t  a

H easured aa :

‘1

Sg Model*1

/ X . J r t f  1

33

. 0 0 1 8 8

L 3 D
■OS ,0 1

.OOU S .003 , 

.no]; .oo3A f f e r e n t  b -  bo / W r J T T ►Qoiaa.
A f f e r e n t  c t f a h / r
A f f e r e n t  d <*0

► 0 0 1 0 9 .

.0 0 1 3 1
. 0 0 2  I . 0 0 3

>PQ3 L.PQk.
Jane  a ,  d i f f e r e n t  b 
) i f i> r e n t  a m e  b

A f f e r e n t  a ,  d i f f e r e n t  b
ai b.
3i *>1 pr

.0 0 3 2 3 .0 0 7 .0 0 9
Jana i ,  d i f f e r e n t  e a l  1 ai c0 /22b /ri .00183 .001' .003
. a f f e r e n t  a ,  sane c 
A i i 'e r e n t  a .  d i f f e r e n t  c

*1 '1ai ci =1au c0 h  |f/s -i!Ebys^ h  if> b .0 0 2 3 0 .003 .006
Jane 1 , d if i 'o r e n t  d ■ - al A j

Ax P a ren t a , sane d 
■ A fferen t a ,  d i f f e r e n t  d

a, *0 dl*0 A)
/ 2E Jr'a .0 0 3 2 6

..002k?
.006  } .008
.0 0 3  I .0 0 7

3m e  b , d i f f e r e n t  0 a ®i fej-- .0 0 1 8 3 .ooh ! .003
A f f e r e n t  b , sane e 

D if f e r e n t  "b, d i f f e r e n t  e
°1 bT ©]_

tt, 0!
V  Or, j 4 [ ( / > - l ) S b / E . ] / r / r 9  .

.0 0 2 3 0 .003 .006
Jane  b , d i f f e r e n t  d »>i a - b]_ do |fec/r _̂ QQ326_
i J l f f e r e n t  b , eane d 
A f f e r e n t  b , d i f f e r e n t  d

bi dl
t>! d!

bo di bo do -002 )i9
iune c , d i f f e r e n t  d ■ el Ai /2Ec/r .00366
A f f e r e n t  e ,  sa-ae d 
A f f e r e n t  e , d i f f e r e n t  d A. /2 _f V  -U S ,. /  E j / r  *  f .00173 .OOlt .003
in f l  a ,  sana b, d i f f e r e n t  c al ^  ex an b~

a l bo Cl30 bl Cl *0 ^ °1 al *0 °0 ay fcr eg 
ay by eo

.00326 .0 0 7 .009
A  aa a , d i f f e r e n t  b t san e  e 
A f f e r e n t  a ,  ea-te b , sane a
ix f i t r e n t  a ,  d i f f e r e n t  b , eane o

J a -o  », d i f f e re n t  b ,  d i f f e r e n t  e 
A f f e r e n t  a ,  aaee b , d i f f e r e n t  e
A f f e r e n t  a ,  d i f f  b , d i f f e r e n t  0

al 1̂ *1*1 bl “1 *1 bi 01 41 °1 al 1̂ C1 *1 bl <11

-D E b /  E . j / r  r e

.00399 .008 .011
ja n e  a .  same b , d i f f e r e n t  d a1 d! .  a ,  dg ►QOJtOQ. rQQ8 .010
Jan e  a ,  d i f f e r e n t  b # Sana d 
D if f e r e n t  a ,  sane b , aana d
A X 'fo ren t a , d i f f e r e n t  b , san e  d
Jan e  a> d i f f e r e n t  b , d i f i e r e n t  d 
A f i e r e n t  a ,  sane b , d i f f e r e n t  d
u i i i e r e n t  a , d i f f  o . d i f f e r e n t  d

«1 b i  <*!_

*1 ^ l  "H -  "0 h .  5
-  Do ^  <1

a i  h  d i -  a l  b0  dy

a l  h  d l -  Do b l  <3q
a l  b i  d i -  " 0  b 0  <lo

-l)Zc/ Ẑ /r fir

C1 A) .001x31 .009 .011
^kne a ,  save c , d i f f e r e n t  d a l  B1 °\ /2Ec/rb
Jan e  <i, d i f f e r e n t  c, sane  d 
jane a .  d i f f  e , d i f f e r e n t  d “i °i di*1 ci <*i *1 bO dl 

a l  =0 *0

.0 0 3 2 6
/?[Cf -DE^

.0 0 2 9 8

.00.6 .008
. 0 0 6  I .0 0 3

D if f e r e n t  a* same e ,  sane  d
A f f e r e n t  sane c> d i f f e r e n t  d
A f f e r e n t  a .  d i f f  Ci d i f f e r e n t  d

®i ci *1 ai ci <*1 *i ci di
«0  =i di
Do «1 do ®0 ®1 <<0 /t[0 (r -DEc/ (A -DEb/Ê /r 0f*>

.0 0 3 2 6 .006 .008
bed Jane  b, Same c , d i f f e r e n t  d *1 C1 A) .00326 .006 .008

Jan e  b . d i f f e r e n t  0 ,  san e  d 
ja n e  b , d i f f  e , d i f f e r e n t  d t 01 6bl ®1 dl

- h  c0 d j
- “1 =0 ^ ( r - D S t / E j j / n r . .0 0 2 9 8 .006 .0 0 3

9l i f u r e n t  b, sane c ,  sane  d
A f . e r e n t  t>} same c, d i f f e r e n t  d
A f f e r e n t  bj 'J i f f  c f d i f f e r e n t  d

bl '1 dl
,‘>L ^  ̂b l <n. €

* bQ c, d!
-  Dq c L dy
-  bo cq d<j

{f - 1)EC/  ( r f - l ) £ b /E ^ ]  /  r  A  f  1

.0 0 3 2 6 .006  I .008
ja n e  i» sane J ,  sane  c ? d i f f  d al  b l b l dl  - “1 bl =1 du >.Q05.66_ ►Oil I ^013
jane i ( sane U, d i f f  0 , sane  d 
js -ie  i j  eane d i f f  e ,  d i f f  d

n l  *̂1 ^1
^1 h  «o dy r ^ O / ' - U E . / E Q / r / .00316 .010 1 .011

>a-e
►iff
A f f
Jane
A f f
Jiff
Jane
J i f f
n i f f
Jan*
A f f
A f f

d i f f  bt 
sane b, 

a . d i f f  bf 
a , d i f f  b, 
a , sa*w b, 
a ,  d i f f  b, 
a ,  d i f f  % 
a , sane bj 
1 , d i f f  b, 
■», d i f f  
a # eane b, 
a ,  d i f f  b,

sa.no c ,
sane  Cj
sane  c ,  
d i f f  e ,  
d i f f  c ,  
d i f f  e» 
sane e , 
s in e  c ,  
eane c , 
d i f f  c ,  
d i f f  c ,  
d i f f  c ,

sane 
j a r  
eane 
sane 
sane 
eane 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

Dl bl =1 •*1 ai Al C1 d-i
bl <*1 *« bl A di

®1 bl bl *0 bu «1 r|i
®1 bl '1 <*3 al Al A- ,ji
®1 b *1 dl bl Al di

», el dl Ai Ai di
al C1 <h », Ai °1 Ai
►l bl °l d, , Df, A el At
"1 bl Cl di •0 Ai =1 Ai
ai °1 J ®1 So Ai Ai
*1 bl C1 di ao A en A)
®1 bl =1 d i K,j A) Al Ai .00363 .011 .013

F a c to r s  a ro re c e d  a t  s in g le  l e v e l s i  th e  o th e rs  O rer a l l  1 e re  la .
Kg< and Eq ■ .0 0 0 1 2 7 '.00006k* "do n a ly e e e , r e e p e c t l r e l /}  r  t  6  * r e p l ic a t io n s !  a  _ 3  ■ le v e ls  o f  fact<  

t o r  ii; / S  -  2 * levelB  o f  f a c t o r  C; ^  » l e v a ls  o f  f a c t o r  D.

re s p e c t iv e ly  e e r r o r  ( r e s id u a l )  in  e h o l ^ u n i t ,  s u b - \e i i tP and sab-suLKUTtit 
ir'A j b ■ 3 ■ le v e ls  o f  f a c to r  9; ^  r  9 s  le v e lo  o f  f a c t o r  k x le v e ls  o f  f a s -
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Sodium, p erce n ta g e  dry weight b a s is ,  i n  the fo l ia g e  o f  two p la n t  tJjca, C (,fei,Jo-a se llcw jan a  and Ligustrom  Japon lcun) , on th re e  d a te s ,  J  (O ctober 5» and June I

- in d  Ju ly  21, L?61) i due to  f a c to r ! * !  trea tm en ts  o f  th re e  lo v g ls  o f mulch, 1 (none, iroodshavings, and noodchips; and th re e  le v e ls  o f f e r t i l i z e r ,  d (0 , 1 , and 2 lb . of c a lc lu a  n i t r i t e  p e r  1000 sq. f t , )

C u ltu ra l tre a tm en t 1 /1 l c , / c , ) / 2 (d^dj/d 3y3
F e r t i l i s e r ,M u lc h ,

6 -1 -6 1 , d ( c ^ / d y / d j ) / !

abc
6 -1 -6 1 , d2 [dx/d̂ /djVl 1 0 -5  - 6 0 , d2 1 0 - 5 - 6 0 ,  d1 6 - 1 - 6 1 .  dd j 7 - 2 1 - 6 1 .  d10-5-60, <*!

abed
Of CaffOv, bi Q&___mQk
1# C a S O j, b j

2# C aN 03 , b 3 Q5U -,-.063.177—.—*030
fbi /  b y /  bajjiy

•Q35_
o023

abd 

0 2 6 _

abed

Q S5_—Q$2.025 Q30 *Q2h  ̂_ J 2 7 .
a b e d  a b c  a

0# CaNCh,

1# C*NQ3 f  b j .0 6 7 - 080__
W ood sha v in  ga , 

■2 •Q3a__..#03U— r05b ^O'jO -it CDIO3 ,  b j .027 -  -.070

tbl/bj/ bj/3
.072___.022.071 -

abcabed
Qr C eH O j, b j -.070

.061___ .057l f C a J I O j ,  b j
W o o d c h ip e

It CaNO}, b^

(bi/b̂ /b̂ /J

_ ^ - 0 7 5
Q 3 3 - ._ - .m - 0 -5 3 ^ ,-.0 5 0 -^

bed

^ 3 6 _CfCaMOj, ry\ 

1 # CaNOj, by .0 3 l_  .035
bed

037__
be

&?k—ia\/ a? i atVd 2 -  CaMCj, 63 Q5H-, .056
(b^ /  by /  b^Vl

.05$—
^  S u p e r s c r i p t s  - n d i c a t *  w h ic h  f a c t o r s  a r e  a v e r a g e d  a t  a s i n g l e  l e v e l ;  o t h e r  f a c t o r s  b e in g  a v e r a g e d  o v e r  a l l  l e v e l s .
* 2 a c h  v a lu e  i s  a  r e  a n  o f  s i x  r e p l i c a t i o n s  m u l t i p l i e d  by  t h e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r  n o t  sh < V n  a s  a s u p e r r t r i p t ,  e .  g .  a v a lu e  w i t h  a s u p e r s c r i p t  o f  " a c "  i s  a u e a n  o f  5b  o b s e r v a t i o n s  ( 6  r e p l i 

c a t i o n s  x  3 l e v e l s  o f  f a c t o r  B x 3 l e v e l s  o f  f a c t o r  D ) ,



APPENDIX TABLE 22
Standard  E rro r  o f  D iffe re n ce s  (S J) and L east S ig n i f ic a n t  D iffe re n ce s  (LSD)

?or the  d a ta  o f  Aonendix Table 21,

Ite«l D iffe re n c e  betweeni Measured «st SJ Clod. I 2

î Tfrfif b

33

.,00315

LSD
■ os

,o o 6 .*QQ2 -J
-.009D if fe re n t b bo M ,/r  a r t >00315 .0 0 6

D if fe re n t e t̂ Eb/r .00259 .005 .007
d i f f e r e n t  d .  ^ /i 6 >00292 ,0 0 6 .Q0 8 _
j i n e  a ,  d i f f e r e n t  b 
A f f e r e n t  a ,  s a n e  b 

- A f f e r e n t  a ,  d i f f e r e n t  b

0
ai *>1

a u  b l  *0 ^ fir
, 0 0 < h 6 .0 1 1

l i n e  d i f f e r e n t  c a l  C1 *1 °0 /zZi/rfb .OQuhS xOIOl
.015
.012

D iffe re n t a ,  sane c 
A . ' i ' e r e n t  a ,  d i f f e r e n t  c a l  el

*0  =1 
au CQ

J i n e  \ t d i f f o r e n t  d / iZ j r b
* 0 0 h k l

.00716,
.010
>0 1 1 ,

.012
^ 0 1 2 ,

A .f - r u n t  n , 3.1 na d 
.A f L o r o n t  a ,  d i f f e r e n t  d

*0 di*0 ho Ji [D-uv z^hfitb .00520 .010
S in e  b f d i f f e r e n t  e >>1 ®l - hi ho «0QUi3 .0 1 0

.0 1 1
>0 1 2 ,

A f f e r e n t  b ,  s a n e  e 
D i f f e r e n t  b ,  d i f f e r e n t  e b,~

^ ®1hi) >00116 ^ 0 1 0 >0 1 2 _
.0X9b d S a r a  b ,  d i f f e r e n t  d bj_ d% - >>! do /5~/r .0 0 7 1 6 >0 Xi.

D i f f e r e n t  b ,  sam e  d 
D i f f e r e n t  b ,  d i f f e r e n t  d

b l dl 
b l  d l

bj di to do -1)EC/E ̂ /r. >00520 .010 .0 1 1
lame c ,  d i f f e r e n t  d «i <*i . 0 1 2 h i , 0 2 li .032
J i f f e r e n t  e , eane d 
A f f e r e n t  e , d i f f e r e n t  d

°o hi 
c0 ^ .001126 >QOS_ >QXL

iin e  ann# b , d i f f e r e n t  e al ^ °1 .00777 >016 .021
j i  is a , d i f f e r e n t  b , same e 
.A f f e r e n t  a ,  Bane b , sane a
A f fe r e n t  a j d i f f e r e n t  i>, seme e

i, d i f f e r e n t  b , d i f f e r e n t  c 
L A fleront a ,  save b , d i f f e i4e n t  c
A f f e r e n t  a , d i f f  b, d i f f e r e n t  o

»i bi '1 
*1 b i  01 
>1 b i 01 
>1 b l o i 
al bl 01
>1  b i  c i

al  ho 01 bO bl =1 ■ >0 ho 01al 0̂ cO 
a<j tn CQ 
*0 'J0 CQ

fiQfi - l!L b / E , l / r / ^

h h - J r f i '
jQP775. .0 1 6 .0 2 1

Sane a ,  a&rae b , d i f f e r e n t  d al  dl *00377 * Q 1 L >023,
jame a ,  d i l l  e re n t b> sans d “i  » i J ‘ *1 ho 7ll i f i 'e re n t  a ,  sarte b r sane d b, di - ^  °1 hi
lA f fe re n t a . d i f f e r e n t  b , sane d h. d, -  hQ bo d l
Jane a ,  d i f f e r e n t d i f i e r e n t d b1 h| ‘  a l b(i h,l
lA ii 'e re n t a .  sane 0 . d i f f e r e n t d a i b, h, -  “0 bf ho
D if fe re n t a t d i f f 0 , d i f f e r e n t d ai b l di -  «0 b0 ho ■X309Q1- .013 JJ21l
Ja re  a , eaijs c ,  d i f f e r e n t  d aL C1 “0 .0 0716 * D 2 k ..012 .
^■ne a ,  d i f f e r e n t  c, sane d 
.^■ne a ,  d i f f  c ,  d i f f e r e n t  d

*1 °i *1 
>! d i

' ®1 c0 di ■ *1 e0 % /sQr-DE  ̂EbJ/r r * .00737 .015 .0 2 0
A f f e r e n t  a ,  sane c , sane d
(A ffe re n t a , sane e , d i f f e r e n t  d
J i f f  e r e n t  a ,  d i f f  e ,  d i f f e r e n t  d

>1 n ^al C1*1 =i di
&0 dl ao «l do
*0  °1 dg *Q013L .015 .0 2 0

Jane b . sane e ,  d i f f e r e n t  d ho /■Ec/r* .00716 .oiU
Jane b, d i f f e r e n t  Cj sane d 
> iia  bj d i f f  c , d i f f e re n t  d

bi ^  <L - ^ C o d jbi di * °1 «o ho .007 77 .015 .020
J i i f c r e n t  b , sane e , sane d
J i f . e r e n t  b, same c , d i f f e r e n t  d
J i f f e r e n t  b . d i f f  e , d i f f e r e n t  d

hi >i
5 tbl c i

bo C1 d l 
°0 C1 ,J0 
bu co d(j >00736 aQX5_ >020,

j n c  sane a, sane c ,  d i f f  d >1 t>! C! dL - « i ^  cj I t E j r ,„Q1 2 liL_ >Q2h ■D32.
l in e  a , I*^e 
Ji'ae a ,  sane

d i f f  4 ,
d i f f  e ,

•Ana d
d i f f  it »t s *1 i1ai ^

“1 h  «U h ;
ai  h i «u h(j ■ 03-277 .025 .03 li

*a -e i,
A f f  .1 , 
A f f
Ja is ,i,
.A f f  i ,  
A ff a t 
Ja-»e a ,  
J i f f  a ,  
A f f  a ,  
Jane 1 , 
J i f f  a , 
:n r r  a .

d i f f
sane

'd i f f
d i f f
sane
d i f f
d i f f
sans
d i f f
d i f f
Ban#
d i f f

8a.no c .
S i TO C ,
sane c , 
d i f f  a, 
d i f f  e, 
d i f f  o, 
sane c , 
saraa e , 
sane 0 , 
d i f f  c ,  
d i f f  e > 
d i f f  c ,

sane d 
sane d
eane d 
sa.no d 
•Ane d 
Bine d
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

*1 by 
\ |  b l
"0 tu 
a l  by

al  ^
_ - . _ "o h“1 hi ci di - •<, bQ

c i  d i
=1 di
c i  d i 
cy d j 
cq d i 
=0 d l =1 ho 
C1 ^ «1 hy 
°0 ho 
*0 hf
<KJ hy .01276 .025 .03h

^ P aeto re  av e ra se d  a t  e in g le  le v e ls )  th e  e th e r s  eve r a l l  le v e l s .
2 E , .  d j,!  * b d  Sc ■ .000537 ’ «0005ll3 '  and .000U62 r . ^ x c t l T . I y  m e r r o r  ( r e s i d u a l )

A r ti ly B e e , r e s p e c t ! v e l y f  r  -  6  «  r e p l i c a t i o n s ]  a  :  )  ■ l e v e l s  o f  f a c t o r  A; b  ■ J  * l e v e l s  o f  f a o t o r  B| 
t o r  3; /3 - 2 m l e v e l s  o f  f a c t o r  C; a  3  *  l e » * l *  f a c t o r  U. ________ _____

in  e h o la -u n it f  * ub -\s iit»  and 9b h -9uu-un.it 
2 9 s  l e v e ls  o f  f a c t o r  A x le v e ls  o f  f>ic-

130
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Calcium, p6 I'C6n'tag6 d r j  w eitfrt b a s is ,  in  tha f o u a g *  Of two p la n t  t-m >  C yChrysanth e n ta  'A r l o n 1 -md C hr/sa n tb o n n  'C h r is  C e l i - b u s ') ,  jn  two d a te s ,  J C” V  ? and

ind J u ly  J ,  due to  f a c t o r i a l  t r e i tn c n ta  o f  th re e  le v e ls  o f  nu lch , * (none, vroodshavings, and *oodchips} , and th re e  le v e ls  o f  f e r t i l i s e r ,  7 (0 , 1 , m d ? lb .  o f cn lc iu n  n i t r i t e  p e r  1000 s o .

F> 1 a n t t a * * c
Cultural treatment. Ay B

Chrysanthemum ' Arlora'• •! Chrysanthemum ’Chris Columbus, C2 (c^c^/2 ( W / 2

Mulch, A fertiliier, B
S a a p 1 n g da t «, D S a ' ■ p ] i n g d a t e ,  D

5-2-60, d3 7-2-60, d2 (dj/ d2)/l 5-2h50, d3 7-2-60, d2 5-2-67, dI 7-2-60, d2
0# CaHOj, abed abed

-■ *563 - Jthh
abc abed

.*100 *533
abed

J ,1 7
abc

*312
abd

^ u a .
abd

-Ii30
ab

1* CaNOj, bz abed
*3iiQ___

** abed 
.1 2 8  ,

abc abed
. .3 0 5 ,h 9 2

abed
_ ,3 2 .8

abc
.3 2 2

abd
.5 1 0

abd
.h l 6

ab

None, 2#CaJf03, abed
.3 1 0

abed
. J |82 . , . 3 9 1 -

^ .1 ( 2 5 _

abc abed
,295 ... .. ...*5(30.

abed
.8 9 8

abc
-3 0 2

abd
J i9 1 _

abd
*397

ab

(b-, /  b2 y bj}/3
^  acd

.3 2 5

'  acd

. .3 6 5  . J

ac acd

.* 3 0 0 .5 0 8

acd

•Uoli

ac

.3 1 2

ad

.5 1 6

ad

•h lU

•

0* CaMOj, abed
_ .,2 8 1 .. .3 2 5

abc v * abed
,3 0 5 ... ,1aQ1

abed
. , 3 1 5

abc
1 .2 9 5

abd
.3 8 5

abd
TlhO

ab

11 CaN03, b2 abed
*2 90

. abed
□hOO , 3 h l  .

abc abed
_ *300_. .. 3 .7 5

abed
.3 3 8

15c
.2 9 5

"abd
.3 8 8

abd
,3U 1

ab

'«ood5havijig.a, tj CaNQ}, bj . abed
.  , 2 9 1 .

. abed
, 3 l 2 _ .

abc  ̂ abed
. .2 9 0  .. - ^ 1 8 5

abed
- 0 . 3 3 —

abc
. 2 9 2

abd
.3 9 8

abd
.3U 5

ab
acd acd ac acd acd ac ad ad •

(bt bj,V b /̂3
.2 9 0  _ .3 9 2 ____ _ * 3 ia __.2 9 8 .3 8 8 .3L 3 , 2 9  a .3 9 0 .3 li2

0* CaNĈ, abed
._ .2  70..

abed
.1 9 0 .3 3 0 —

abc abed
,2 3 5 .. abed

. . . 2 8 1
r -  ,3 9 5  
L . . . 3 6 5

abed

, . 3 2 0

abc
2 .7 3 —

abd
.3 9 2
,1 1 8 .

abd
-3 3 6

'"tt"

1* CaNOj, bj abed
.* 2 8 0  _

ora
. ,3tiQ .

abc abed abc
__,2 8 2

abd abd
,3 3 0

ab

Woodchips, a} 2# CaJIOj, b3 abed
p.*26Q.

abed
. . M S -  , , .3 1 2  __

abc . , abed 
. 2 6 1  ..

abed
.3 9 5 .3 3 0

abc
.2 6 2

abd
. i a o

abd
.3 3 6

ab

<*! /  V, / b3)/3
acd

r *-2Z0 ,

acd

A o 6 ,3 3 8

ac acd

.2 7 3 . 3 0 2

acd

J 3 0

ac

.27U

ad

.3 9 0

•d

,33U

a

Of C«N03, bj bed
L .2 2 3 - .  -

bed
.1(39 ^ . . 3 6 6

be bed
.2 9 7  - .I iU l

bed
.3 7 1

be — - bd
.2 9 6 . ) (J42

bd
.3 6 8

b

n L l /  i j j / j
1? CaNOj, bj bed

.*303_ , „ .  ,hH3 ,3.73
be bed

.2 9 7 .. _ .h 0 7
bed

,J 1 2
be

.300 .1*2$
bd

.3 6 2
2 f  Ca**:^, b j

bed

k_ .2 8 8
^c<T

....*h39 .......h_,36U
be bed

.283 •U27
bed

.351
be

.2 8 6
bd

,h33
bd

.359
b

tb x /  /  b j j / 3

cd

. . , 2 9 1

cd

_. .1(1(0___ .3 6 8  .

e cd

.2 9 .2 - . ..U26_

cd

- .3 1 9 - .

c

. *29 lj

d

.1(33

d

.3 6 3
^ S n i 'c r rc r ip ts  L - a l^ i e  the  f a c to r s  t h a t  are a w r i ^ d  a t  a s..'.F ie le v e l ;  o th e r  f a c to r s  beir.g averaged  over a l l  le v e l* .
* i a c h  v a l u #  i -  a - e a n  o f  ;  j c  r e p l £ c a t : c r j  •• u l t i n l ' . - d  by  t ' . e  r«? sh e c  t  Lve l e v e l  o f  e a c h  f a c t o r  n o t  sh o w n  a s  a  s u p e r s c r i p t ,  a .  g ,  a v a l u e  w i th  a s u p e r s c r i - ’t  o f  " a c "  i s  a m ean o f  36 o b s e r v a t i o n s  (6  r e p 

l i c a t i o n s  x  3 l e w i s  o f  f a c t o r  9 x  ? l a v e l a  o f  f a c t o r  D ) .



APPENDIX TABLE 2k
Standard E rro r of D ifferences (S£) and Least S ig n if ic a n t D ifferences (LSD)

__________  . fo r  the  data of Appendix Table 2 3 . ,_____

I ts * *  1 D iffe re n c e  between)

A f f e r e n t  a

Measured ae i S3 Mod.l2
f a j - r j S f  b

93

.0Q 7h5

L 3 D
.0?

nig . 02a
D if f e r e n t  b -  bo A e i f r a r  t. .007k5 .015 .020
D if f e r e n t  t /? E h / r .on) 171 .009 . a x i
D if f e r e n t  <3 <*0 /itch .00509 .010 1 .0 1 1
_,i-ne a ,  d i f f e r e n t  b 
d i f f e r e n t  a ,  sane b 
D if f e r e n t  a ,  d i f f e r e n t  b

M
ft; b]

-  «1 by
” a u b i- *o by / ? F .  /rfif

■Q129JL .035.
’■, d i f f e r e n t  e a l  °1 a l  *0 / 2 E b / r / b T o o R l  (5 .016 .022

.A f f e r e n t  a> same c 
D iil 'e re n t a ,  d i f f e r e n t  «

*1 *1
“ 1 =1

"0  ° i
a O CQ f t f a / T  if. to

- . Q Q 9 J i 3 - . 0 1 9 .0 2 5
l i n e  i p d i f f e r e n t  d -  *1  <*0 / ? E , / r b _.Ql2kX- .025 .052
A i f ' r c n t  a ,  sams d 
A f f e r e n t  n f d i f f e r e n t  d •̂ TT̂ ijsTTÊ T̂ TTb

.00972- . 0 2 3 . 0 3 0
jT-ie b , d i f f e r e n t  0 **1 "o Tfi .00316 .016 .022
j A f f e r e n t  b , aims c
D if f e r e n t  b ,  d i f f e r e n t  C

t>L <H 
b, <»!

*D °1
^  «0 .009b3 .019 .025

-tone b , d i f f e r e n t  d b i di *>u ‘So .Q12k7_ J72S- ^ 0 3 2
D if f e r e n t  b , same d 
a f f e r e n t  b A d i f f e r e n t  d

*>1 <*i
trj ^

bo d i 
bo do .0972

lame c , d i f f e r e n t  d • 1  di /2E c"/r .02160 «0k3 - » Q S 6
D if f e r e n t  e» same d 
D if fe re n t  c , d i f f e r e n t  d

- «o d l  
• c o ^ /2 [tr -Dic/Ej/r.r .QQ361. . . Q 1 7 - . . a 2 a

im e  i ,  sane b» d i f f e r e n t  e a l  *1 °1 >L "0
■ O l k l k .02.3 .033

j n a  1 , d i f f e r e n t  b , same c 
.A f f e r e n t  a ,  eame b ,  same e 
A f - ^ r e n t  a ,  d i f f e r e n t  b , seme 9
S\-c 1, d i f f e r e n t  b j d i f f e r e n t  c
D ifl c r c n t  a ,  same b ,  d i f f e r e n t  0
.A f f e r e n t  a ,  d i f f  b, d i f f e r e n t  e

a L b l
*1  ^  n  
*1 b l ' 1
»1 b l 81 
11 b l 81 
• 1  b i 81

*1 bo ®1 
■ * 0 * 1 ( 1 
■ *0 “0  »1 

a l  bo OQ
*0 b l <Q 
*0 bo 00

£ [ { *  - l ) E b /  z,]/rr/>

■0163 3 033 .O kk
Jons a ,  eame b , d i f f e r e n t  d a l  b l  S i .01527 . 0 3 0 , 0 k Q
lame a ,  d i i 'i e r e n t  b , eame d 
D if f e r e n t  a ,  same b , eame d
D if f e r e n t  a ,  d i f f e r e n t  b , same d
Jarae a* d i f f e r e n t  b ,  d i f i e r e n t  d 
D iT ie ra n t a ,  sane bj d i f f e r e n t  d
D iix e r e n t  a ,  d i f f  o, d i f f e r e n t  d

• i h  J i
^*1 ^ J.

*1 bi  di  
»1 ^  dl 
©1

*1 K"o b,
- “o bo di
-  a^ by dy
* *0 bi 0̂- ^ b0

/& Q  f  - l ) E c ^ I ^ / r e r

.0 1 6 8 3
June a ,  same c ,  d i f f e r e n t  d Dl uq /? E - / r b .Q12lt7 .025 .032

a ,  d i f f e r e n t  c ,  sane  d 
jam© a ,  d i f f  c r d i f f e r e n t  d

*1 °1 d l  ■ *1 *0  d l
*1 C1 *1 "  a l  ^ -DEc/EbJ/r̂ .

.-QlkSJL .030 - 0 ) i 0
[A f fe re n t a ,  aans c» sane d
D if f e r e n t  a ,  same c , d i f f e r e n t  d
D if f e r e n t  a ,  d i f f  c* d i f f e r e n t  d

*1 c i  **1
»1 *1 d i
*1 C1 dl

8 0  81 dl 
*0 «1 <*0 
“O °1

- D E e /  {f
■01291 .0 2 6 .0 3 k

Jame b , same e , d i f f e r e n t  d b l e l  dl  - b l °1 ’’o » 0 l 2 k 7 . 0 2 5 -032
darns bj d i f f e r e n t  e ,  same d 
>3-’*a b, d i f f  e r d i f f e r e n t  d “ l  =0 d l  

“l  ®o
r̂ Q/'-bEcA Ebj/r/*

■ 0 1 k 9 1 .030 - Q k O
lA if c r e n t  b , eame c ,  sane d
D if f e r e n t  b ,  su m  c ,  d i f f e r e n t  d
D if f e r e n t  b , d i f f  C, d i f f e r e n t  d

b l Cl d l

^  61 %  b l <=1 €

bo ° i  di  
“o c i  ^
dy co  d^ .01291 .026 .0 3 k

D'lme W same 9 , sane  o ,  d i f f  d al ^ «i di * *1 bl =1 >*1 /S E c /r .02160 0Ji3 .056
eame d i f f  o> same 4

_>ine a ,  eame b> d i f f  a ,  d i f f  d
•l *1 *1 di - *1 ^ *0 dl•1 h *1 *1 ■ *1 h "0 ^ .02.582 053__ .063.

• A ff  •
A f f
ia 'ie
J i f f  
a i : j

j a i e  . 
.A ff  
!A ff ■ 
Jn-tm 
0 i f f  1 
'A f f  1

d i f f  b» 
sa n s  b f 
d i f f  b f 
d i f f  b, 
same b , 
d i f f  b , 
<Uff h, 

, same b f 
, d i f f  b , 
, d i f f  b* 
, sane b r 
, d i f f  b ,

■ tie  e t  
sane c r 
same Cj 
d i f f  e ,  
d i f f  c ,  
d i f f  0 * 
some c ,  
sAtm e ,  
sane  c ,  
d i f f  e A 
d i f f  « , 
d i f f  e .

tame d 
s a te  d 
eane d 
same d 
same d 
same d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

n
Cl 
' 1  
*1 
°1  
°1  
°1 
°1  
°1
el  .
°1 d l  -

a l  >\I 
“tl b l*0 K) 
“1 *0 »0 »!

c i  <±! 
c i  d i 
Cl d l 
8(j <h 
<k) dl  
«0 dl 
®1 ^  
ci “Sq 
«1  do 
«0 d0 *0 “o
Co do

D E o /  ( J > - l )E b / E ^ / T 0 f

.02236 L.Okli .059
^ f a c to r s  av e rS fcd  a t  s in g le  l e v e l s |  th e  o th e rs  e v e r  a l l  le v e ls *
1 S . .  1%) « M  Be ■ . 0 0 2 0  < . 0 0 1 2  ■ and . 0 0 1 k  r . ^ j « M .T . l r  •  c n -o r  ( r « l i l u » l )

i m l j r t a i ,  r e e p e c t lv e l r t  r  r  6 * r e p l le a t io n e j  e = J ■ le v e le  o f  f a c t o r  l e v e l s  o f  f a c t o r  Bj Q{
t o r  B; - Z • le v e ls  o f  f a c t o r  Cj ■ 2  ■ le v e le  o f  f a c t o r  0 . _____________________

in  w h o ln -u n lt ,  ru b -w ii’. , and su b -iu i^ -a rx lt 
3 9 a  l e v e l s  o f  f a c to r  A x l e v e ls  o f  f a e -

132



APPENDIX TABLE 2£

Calcium, percentage dry « i g h t  b a s is ,  in  th e  foU*K* o f  two p U n t t i n s . ,  Z ( f e i jo a  se llo w iin *  in d  L lg u stru a  Ja p o n lc m ) ,  an th re e  d a te s ,  J  (O ctober St -9&$ June *

-*nd Ju ly  21, 1961), due to  f a c t o r i a l  trea tm en ts  o f  th re #  le v e ls  o f mulch, A Inefla, woodaharlngs, and eoodchipsj and th re #  le v e ls  o f f e r t i l i z e r ,  B (0 , 1 , and 2 lb . of ca lc ium  n i . t n . t i  p e r  1000 sq . f t . )  *

C u ltu ra l trea tm en t 
A /  S (ê cO/2 c<̂ / dj / d,jo

F e r t i l i s e r ,Mulch
6 -1 -6 1 ,  d2(di / d2 / d3 )/3 7-21-61, d3 ldl/d2/<3}yi6 -1 -6 1 , d2 10- 5-6 0 , d: 10-T-60, d j 6 -1 -6 1 . d10-5-60, d3 r -2 1 -6 1 , d3 7-21-61. d

abd

1 .0 5 -

Of CaHCh, b i

1/  CaHO,, b j

NOT|#|
2# CaKOj, bj JUQ2
Cb}. / bj / bjW

0# 0 1 1 0 3 , b !

I f  CaNOj, iac>
a bed

1 .1XWoocahavinga 2J CaNOg, ^

Cbi/ bj ̂  bj)̂

.88Of CaNCh, b,

abed
I f  C1NO3 ,  b j

woOdchip* abed
2 /  C iSOj, b j

C# CaNÔ, b!
1# CaNOj, b j

;ai/a2ia3V3 2 * Ca-'lOj, b j 1,01
tb̂ / bj / bjJ/J

1 S u p e rs c r ip ts  in d ica te  wh 
? ta e h  value ia  a rean  of : 

c a tio n s  x 3 le v e ls  of f a c to r

ch  fa c to rs  ar# averaged a t  a s in g le  le v e l ;  o th e r 1 
lx r e p l ic a t io n s  n o i t ip l i e d  by the re sp ec tiv e  le v e l 
B 1 3 le v e ls  o f  f a c to r  D).

a c to r s  being  averaged 
o f  each f a c to r  not sh

over a l l  le v * !# .
«wn as a s u p e rs c r ip t ,  e . g . a value tf i th  a s u p e rs c r ip t of ac" ia  a re  an of 5L o b se rv a tio n s  (6  r e p l i*



APPENDIX TABLE 26
Standard E rro r o f D ifferences (SJj) and. Least S ig n if ic a n t D ifferences (LSD)

__________  . fo r  the data of Appendix Table 2g.
i t * * 1 D iffe ren o *  beW eem H i a n n d  ae t S3 M o d e l ' 33

.0235

.05

■06k
A f f e r e n t  b -  bo t-ar ■ ■0238 ■QkL ■06).
different 0 VgSfa/r ̂  f ■0166
D iffe re n t d -  ">0 /JEc/r* .0 1 7 9

. 0 1 ?

.039
.0 90
.01*7

j i n e  a ,  d i f f e r e n t  b 
d if f e re n t  a ,  eane b 
A f f e r e n t  a ,  d i f f e r e n t  b n

- “1 >>0 
-  »1 - «u *>0 Ihi.,hfir

M & l- .082 .110
>i-ie 1 . d i f f e r e n t  c - *1 °Q /2Sb/r/b .0121 .069 .086
A f ie r e n t  a ,  eane c 
J i iT e re n t  a .  d i f f e r e n t  c

a, Cl
a i  n

*0 *1 D E b / S ^ / r / y S  b .0127 ■ 067 .086
J itw i ( d i f f e r e n t  d *1  =>0 1S c7rb .0Ll6 .086 ■llli
A f f . r e n t  -i, earn* d 
A f f e r e n t  %> d i f f e r e n t  d

*0  dl  
“0  *0 „.03k6_ > 0 6 2 . .091

Dina t>, d i f f e r e n t  a *>1 «0 ^ Eb / r i '* .0121 .068 .086
b f f o r e n t  b , same c 

D if fe re n t  b ,  d i f f e r e n t  0
“v *1 
»1 *1

**> 01*% *tl /ifia -l)Ib/ t̂ /r/fi i -.0327 ■ 066 .036
.tone b , d i f f e r e n t  d b i d! *>1 do / k ; A .Oh33 -0 3 6 O ik
A f f e r e n t  b ,  eane d 
A f f e r e n t  b» d i f f e r e n t  d

b! di bi di bo di
bo do /z[(s-Dtc/t /̂rar * .03k5 ..069 .091

>ame c , d i f f e r e n t  d »i di io /zEq/r .0759 j-$ a ..197
J i f f e r e n t  e ,  sane d 
D if f e r e n t  e ,  d i f f e r e n t  d

«1 °1 
®i d i - e0 % </î r -DEe/Eb]/.**- .0278 ■Q51 .01k

aime b j d i f f e r e n t  e *1 ^ *i bj cq
^ 0 5 8 7 - JL12. ■*150.:

J n e  1 , d i f f e r e n t  b» eane e 
A f f e r e n t  a ,  eane b , sane 0 
A f f e r e n t  a ,  d i f f e r e n t  b , san e  0 

j-i-'O i j  d i f f e r e n t  b f d i f f e r e n t  e 
A f l c r e n t  a ,  aa-se b f d i f f e r e n t  c 
A f f e r e n t  a ,  d i f f  b , d i f f e r e n t  e

bt  ̂
»1 b i  01 al bl 01 
»1  >>1 01 ■1 bi 01 
»1  b i  c i

*1 bo »i
■0 ^  Cj 
*0 *0 * 1  
a l  *"0 ®0
**0 b i co
^  b j *o

& Q f i  - l ) E b / * J / r M

.0866 O i l -S3-
oane a ,  eane b j d i f f e r e n t  d H  bl  dI b i  dQ J3S3Z- JJ iO
ivne a ,  d i f f e r e n t  b , eane d 
D if f e r e n t  a ,  sams J ,  eane d 
D if f e r e n t  a ,  d i f f e r e n t  b , aaaa  d 
jam* a ,  d i f f e r e n t  b ,  d l f x e r e n t  d 
D if f e r e n t  a ,  sane  b , d i f f e r e n t  d 
D if f e r e n t  a ,  d i f f  d, d i f f e r e n t  d

*1 h  J l  
*1 *>i
*1 h  J .
*1 **1 di  
*1 **1 dr  *1 bi dx

" 1 h--  *0 b l
-  *0 ^

a i  ^0 S  
«o b l 
*o b 0 ^0

fl[Kf -DEc/Ê /rfit

" = r ao "
*0598 .119 ■188

aed Jane same c .  d i f f e r e n t  d a l  *1 dl ^ E p / r b ■Oil 68 J J l i
-tome
Jane

d i f f e r e n t  e ,  eane d 
d i f f  c ,  d i f f e r e n t  d

*1 °1 dl  - *1 *0 “1
*1 C1 “*1 =0 “*0 t  - D E p /E ^ / r r * .QliQl .♦09.6 J . 2 2 .

D lfi e r e n t  
A  f f e r e n t  
D if fe re n t  >

sane c ,  sane d 
sane 0 , d i f f e r e n t  d 
d i f f  e ,  d i f f e r e n t  d

*1 *1  * i 
» i * i “ i  
"1 ci  di

CO c i by 
*0 *1 *0 *0 ®1 <*0

Dane b» eane e , d i f f e r e n t  d h '1 ■*0

/2 ]}S  ( r  -l)E p  /  {fi -1  ) E b / * 3 / r ^ b

—y e g g a a 1 ■^Ec/r.
^ M S -
.oiqa..

■096
.086

♦127
O ik

Jane  b , d i f f e r e n t  c ,  san e  d 
j i K  b , d i f f  c , d i f f e r e n t  d

b  C! i  Cq b j
b i Ci d ! - l j t p  r* E j J / r / '  ■

-OllBl ■096 ..127
id.4 f c r e n t  L>, eane e ,  sane d
D if ie r e n t  b , eane c f d i f f e r e n t  d
D if fe re n t  b , d i f f  e , d i f f e r e n t  d

b j eL d i

 ̂1 tbi «i <5
*t> C1 dl
i?ci i*by co d(j .OL35

j i n e  1 , s^ne b , sane e # d i f f  d *i **1 *i **1 ■ *i ^ *i ^ /tEc/r ■0759
■02k
.180

.127
J.97

l in e  eame U, d i f f  e f t i n e  d
J in e  a ,  eane  b f d i f f  « ,  d i f f  d

*i 5, n - *1 h <*0 «i*1 *1 *1 “l " *1 *1 *0 **C1 ■0833 066. 0 2 0 .
>1 ^  i, 
I f f  a , 

A f f  1 , 
Ja*To a ,  
A f f  l .  
J i f f  a , 

J io e  a* 
J i f f  a ,  
A f f  * j 
ji-ve i ,  
D if f  a ,  
A f f  a ,

d i f f  b, 
eane bj 
d i f f  bj 
t l i f f  b, 
■arte b, 
d i f f  b , 
d i f f  h, 
eane  b , 
d i f f  b» 
d i f f  b,
sane  bj 
d i f f  b ,

•ane c , 
H i e  c ,
■a’fle Cj 
d i f f  oj
d i f f  c , 
d i f f  ot 
same 0 , 
eane 0 , 
eame a , 
d i f f  e ,  
d i f f  e j
d i f f  c ,

same d 
san e  d 
same d 
eame d 
seme d 
same d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d • l  *T.

al  b«
*0 bi 
*0  **J 
“1 *"0

°1 **1
=1 dl  
c i  b l
=0 ‘h.

^QS(/'-1)Ec(< l^-D Eb^/r^

ao h  ^  bo
Oy a0
*=0 “o
eg do . 0 8 1 * 0

1 K aetora i * v « |« d  a t  a in c le  le v e l s  1 th e  o th e r s  d e a r  a l l  l r r e l s .

2 io, .nd S. . .0298 '.0 2 7 9  ' *"4

167,, .2 2 2

^  reei>e<rtireiy  e e r r o r  ( r e s id u a l )
a n a l / a e i j  r e s p e o t i r e l j r j  r  6  ■ r e p U o a t im a i  a 2  3 e l« v « l i  o f  f a c t o r  Aj I) ■ J  •  le v e ls  o f  f a c t o r  D|
to r  $  - 2 ■ le v e ls  o f  f a c to r  Cj ^  ■ j  ■ l e v e l s  o f  f a c to r  _____ « —

in  e h o l ^ w d t j  s a l> - m i t j  and la b - s u o -u n i t  
s  9 < l e v e l ■ o f  f e e t o r  A x le v e l*  o f  fae*

13U



A P P E N D IX  T A B L E  2 7

HU>UT.

M a g n e s i u m ,  p e r c e n t a g e  dr7  weight basis, in tha fcliag* of two plant taia, C (Chrysanthemum 'Arlori1 and Chrysanthe-iur; 'Chris Ccluibua1), un two dates, 3 (r,ay 2 and
and Ju ly  2 , 19-iOj, dua to  f a c t o r i a l  trs -a to en ta  o f  th re e  l e v e l !  o f  lu le h ,  4 (none, woodsharLnga, and w uodchipa), and th re e  lo v e la  o f  f e r t i l i s e r ,  3 ( 0 ,  1 , and 2 l b .  o f  calcium  n i t r a t e  p e r  HJtO-eq. f t - ) ^

C u ltu r a l tr e a tm e n t, A /B

Mulch, 1

o n e , a^

(K / *2 i

W oodshavinga, i£

W oodchipe, 13

1 3i t *}V3

f e r t l l l w r ,  1

O lCaJIO j, b .

1# CNĈ, b.
I t  C N O j, b ,

1 1 C-VOj , b .

2# C*»0j, b,

<h l  t *2 * ” 3 ^ 3

0* CSOj, 3̂
I f  CiKOj, bj
2 t  C t f O j ,  b 3

(bj /  b ^  b j) /3

OV CNOj, b!

1 f C11NO3, bj
2« CaNÔ, b3

( b l  /  bjj /  b 3 ) / l

Chrysanthemum ’Arlora',

S a m p l i n g  d a t a ,

5-2-60, d3

.261
*2£2_
.262.

a b e d

acd

OI2_
.183-

"~abc7

— .225-

.1 6 1

.l i t !
a b e d

Okl_
a d z .

abed

.*152_ 
0 9 6  -
^2D0_
-.153___

026 ___

a c d

b e d

■'Tel
ce

7*2-60, d;
ab e d

-328.
ab e d

321
acd

32a
-.183

abed

0 3 1

O H
abed

"SbeT
-.250—T

.2 3 1
•2^  

. .1 6 3 Txi

326_
.310-

-.22k-

abc

,3 0 0

.183
098

-OL85-

0 7 1
abc

.197
abc ’

abc

_OG8___

.191
. 212--
*231

,267- J  .222-

C h ry s a n th e iD u a  ‘C h r i s  C o lu n b u a ,

S a ' m p  1 1 n g

5 - 2 - 6 0 ,  d 2

,2 2 1
-0 7 5 -, 
.  .180

abed

0 6 2
acd

072-
.171

0 5 8 -
.151

- .3 A l_ __ 0 5 1
b ed

-.186_____.271
b ed

. i 8 L_

1 S u p e rs c r ip ts  
^ l a c h  v a l u e  i  

l l c a t . o n s  x  J l e v a

.n o ie -a te  t h e  f a c t e r s  t h a t  are a v e r a r e d  . 

a -ean c f  s i x  replications " . u l t t n l i e d  1 
Is o f  f a c t o r  B 1 !  l e v e l s  o f  f a c t o r  D ) .

.257 .22?
. t  a s - r j j l e  l e v e l ;  o t h e r  f a c t o r ®  b e i n g  
■y t h e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r

-.115-

7 - 2 - 6 0 ,  d2

a b e d

abed

a c l

.3U3-
.237
.253

a b e d

.2 5 2
a b e d

acd

-.210-
.210
.228
.280

acd

bed
b ed

>291-

-.230-

(dj/djJ/2

^72_
abc

.2 flU-
.282

.282
.2 0 6

a b c

.217

.207
abc

O ld
.20?
023-
.213

. 207

.231

.229
" b e

- . 2-36-

-.131

(cj/ejj/a

5 - 2 - 6 0 ,  d 3

.236
ab d

-062-
.21i2.

ad

.210
.179
.171
053-

-.168-
0159-
.152_
.162

.158-
-091-
-09-5-

bd

-.136-

.191

7 - ? - 6 0 ,  d ;

.339-
032-

0 3 k-
ad

.335-
, 2 in

a b d

033-
"iES

031-
.228
.228_
.2 6 5

-.21*0
-059-
068-

" T d

-.279-

-  . 2 6 9 ^

.288

.2 9 1
088-

0 9 0
095-
,2 0 7

099-
0 9 k

..19Q.
.213-

099-

0 3 0
0-32-

.230-
a v e r a g e d  o v e r  a l l  l e v e l * .

n o t  show n a s  a s u p e r s c r i p t ,  0. g .

ab

ab

, 196
ab

025-

a value with a superscript cf Macp is a rtean of 36 observations (6 rap-



APPENDIX TABLE 28
S tandard  E rro r  o f D iffe re n ce s  (S^) and L east S ig n i f ic a n t  D iffe re n ce s  (LSD) 

___________  . f o r  th e  d a ta  o f Appendix Table 27 , :_____

It**l I D i f f e r e n c e  b e tw e e n i Measured aa t S3 Model*

A  j T * r  u .00731,

L 3 D
• OS

■QiS. *020.
D ifferent b - t>0 | f e . / r  t r * . ■*QQ73li SSLS. . 0 2 0
D iffe re n t a Ae t J r u r .00li28 ■009 ■ 0 1 2 .

d

a t

d i f f e r e n t  d r h  6 .*00509 ■010 , .0X2
Jane a ,  d i f f e r e n t  b 
A f f e r e n t  a ,  sane b 
A f f e r e n t  a> d i f f e r e n t  b » i <>i

-  » i  by 
* a u ^1
-  *0  ho

f i r
■01272 .026 ■0&

Jane a* d i f f e r e n t  c a l  c i /2 E b /r  f  b ,007^2 ■013 ■020
a f f e r e n t  a ,  s a n e  c 

A  L i e r e n t  a ,  d i f f e r e n t  t
* i ,oi
» !  O!

*o n
S(J OQ A$fi -l)Eb/s3A/« b .00902 ■oia. ■ Q 2 l i

jar»e i ,  d i f f e r e n t  d I ^ S . / r h ■Q12h7 ■023 .031
.A f fe re n t a , same d 
A f f j r o n t  a ,, d i f f e r e n t  d

* i <*i *0  dl  
^0 <*0 Ji [ u '  - i  )ec /  fir* .00963 .020 .023

be l in e  b t  d i f f e r e n t  o tft ,007J.i2 .013 .020
A f f e r e n t  b , same c 
D if fe re n t b> d i f f e r e n t  e

w  *1
fc, O!

k> ®i
h i eg .00902 ■018 iOEit

Jana d i f f e r e n t  d b,, ^ - bi do .Ql2it7 .023 .032
D if fe re n t b , earn* d 
A f f e r e n t  bj d i f f e r e n t  d

b], ho ii 
bo do .*00261 .020 *0 2 £

Jime c , d i f f e r e n t  d /z E c / r -002160 ■QU3 - * £ 5 6 .
A f f e r e n t  o» sane d 
A f f e r e n t  c , d i f f e r e n t  d

• l  Q1 
*L di

Og d^
co “k)

l in e  a , sane b , d i f f e r e n t  c * i  h  * i

W S f
* i  ^  « i
*1  *1  » l  
»1  *1  »1 
a l  h i ®1 »1 hi oi

h i °0 fx^FT
■00663

al  ho “1
* 0  hj, cx 
•U hg o i 
*1 bg «o 
■0 bi cq
*0  br, co

.01283
■Ollt
.026

-■018
.*031

J iao  a , d i f f e r e n t  b > sane e 
.A f fe re n t a ,  sane  b , earns a 
A f f e r e n t  a ,  d i f f e r e n t  b> sane e
j- i 'o  i ,  d i f f e r e n t  b , d i f f e r e n t  c
A f f e r e n t  a ,  same b , d i f f e r e n t  t
A f f u r e n t  a» d i f f  b , d i f f e r e n t  o

- l ) E b / E j / r  rfi

.01363 ■032 .0U2
Jane a ,  sane to, d i f f e r e n t  d *i b i h i hg .■01.32?- ■030 ■QIlQ
J a n e  a ,  d i f f e r e n t  b t  c u e  d 
D i f f e r e n t  a ,  a a r te  b ,  s a n e  d  
A f f e r e n t  a ,  d i f f e r e n t  b ,  a am* d
J a n e  a ,  d i f f e r e n t  b ,  d i f i e r e n t  d
D i f f e r e n t  a ,  s a n e  b f d i f f e r e n t  d
D i f f e r e n t  a ,  d i f f  t>, d i f f e r e n t  d

** b i1^ £ * i k  k
»1  h  dl
» i h i dl
»1  ^  di

*1 ho %  
* 0 ^ 5
* o k di
4l  hy “C*0 bi hy 
*0 b0 dg

/ W  - D E c / E ^ / r  7 T

%
.01668 ■033. ■Qhli

J u n e  a ,  sa m e  c> d i f f e r e n t  d “1 °i ql / 2£ o /r -012L7 ■£32
-ia-n* a ,  d i f f e r e n t  e ( s a n e  d  
*ane a ,  d i f f  c ,  d i f f e r e n t  d

*1  ° i  d l  " *1 °0  al
*1 el ^ =o k i

l A f i 'e r e n t  sam e c t  som e d 
A f i ’e r e n t  a .  s a n e  o ,  d i f f e r e n t  d 
A f f e r e n t  a ,  d i f f  c>  d i f f e r e n t  d

» i « i * l 
*1 °1  h i *1 C1 dl

no e i dy
• o  el  ho 
•o  *1 *0

^T7 - l J E o /  E^/rft -.01132
(y-DEo/ Ifi -Dlti/t /̂rfifb 

/ ? E c / r .
.01262

.023

■021

.030

■032.
Ja** b , sane  c , d i f f e r e n t  d h  =1 ^  - h  C1 % ■012L7 .023 ■ 0 3 2
J a n e  b ,  d i f f e r e n t  e ,  sem e  d 
^iT ie d i f f  c ,  d i f f e r e n t  d &  01 &  h  «i <*1

■ t  *0  dl  - "l =o ho /2tJr - l )E c / E Q / r i ' . ■011.32 .023 ■030
.r t.ifc r« n t bf sane e ,  sane d
A f f e r e n t  b , sane c> d i f f e r e n t  d
A f f e r e n t  b , d i f f  c , d i f f e r e n t  d

h i =1 dl
01 %  H  ®i <5

° i  “ j  
hg » i hg 
hg eg dg

. * 0 1 2 6 - 2 - *021 ■032
j n e  s a f u  b t sam e  e ,  d i f f  d ’ l  ^  ®1 di  -  »1 h i C], dg ^ S c / r .02160 ■Okl .*£16
J\^e  seme b , d i f f  s« earn# d
J in *  a ,  same b , d i f f  c ( d i f f  d

*i n k
• l  h i  * i <H

“ 1 ^  »0  dl
»1 h i eg hg *01996 .Oil •OSS-

^■’is i,
i f f  a ,  

. j i f f  
J i 'ie  a .  
D if f  i ,  
J if f  a ,  

j i i f l  a , 
J i f f  h,  
d i f f  a ,
Jt-ie  i ,
iJ if f  a» 
D iff a ,

d i f f  b , 
sa-te b f 
d i f f  b, 
d i f f  b, 
same b, 
d i f f  b, 
d i f f  b p 
same b , 
d i f f  b, 
d i f f  b, 
sane b« 
d i f f  b ,

■a.ne e , 
sane c , 
same cf
d i f f  c, 
d i f f  Cf 
d i f f  o, 
some Op 
■an* e j
same Cj
d i f f  Oj 
d i f f  c , 
d i f f  e ,

sane d 
sen* d 
sane d 
some d 
•am* d

d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

*1 *>! hi - a l  hg =1 <*1
• l  hi °1 hi -  *0 hi °1 dl
»1 b,. ®i dl - «o hj ®i dl
n  hi C1 dl - ®1 hi ®g d]

*1 dl  ■ *0  h i «0 dl
»1 h, *1 dl  -  *0 k) “0 dl
n  h. ®1 <h, - * i hg (SJ It)
*1 hj dl  ■- *0 h i 01 dg
•1 hi "1 j r  *<1 ^  1 do
‘ 1 ^ *1 dl  - *1 ho «g dn
*1 ^ el d i - »o hj eg do
»1 t>i el dl  ^ *g hg eg dg 02183 L.OIlLI .037

 ̂ pastor* averaged a t sing le  le v e ls) the other* over a l l  le v e ls .
2 *». Ali and ®o ■ .OOI9I1 '  .00099 ’ “* .OOlhO r*̂ «tlT.ljr ■ Tror  (rwldual}

ana ly se* , r e s p e c t iv e ly )  p ;  6  •  re p l lc a t lo i^ s )  a z 3 ■ le v e l*  o f  f a c t o r  A) b e 3 * le v e ls  o f  f a c to r  &; 
to r  0; /&  :  2 ■ le v e l*  o f  f a c to r  C) 4?  •  2 ■ le v e l*  o f  f a e to r  P . ____________________ ___________ _______

in vbol*-\ciit, atib-i*iltt and *qb-*ui>-ufvlt
1 9 1 leve l*  of factor 1 x  lev e ls  o f fac-
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APPENDIX TABLE 2$

M c l g n c s i u j f t j  p o r c s r r f c c t f j ®  ^rj- b a a iJ , if! th#  fo l i a g e  o f  t r o  p la n t  t « i ,  C t f a i j o * s allow lana  and L lgufltraa Jap o n ic m ) ,  on thj-e* d a te s ,  J  (O ctober 5 , 1 9 ^ >  vid June I

^and  .July 21,  1961), do* to  f a c t o r i a l  trwatewnt* o f th re a  le v e ls  o f ziulch, A (non*, wcodshaTLngs, and woodchipjj ami th re a  le v a la  o f  f e r t i l i z e r ,  B [0 , 1 , and 2 lb- of calcVun n i t r a t e  pe r 1000 *q. f t - )

C u ltu r a l treatm en t

K ulch,

6 -1 -6 1 , d. 7-21-61, d-10-5-60, 4;
i bedafced abed

abedabed abd abd abdabed abc

abed abc abed ■bed abdabd
acd acd acd

abedabcabed

abedabedabcabedabed abd

abcabed a b e d abed abed ab

acd acd

abc abdabc

abd abdabedabed

abedabed abd ababed
J2CLTed

bedbedTea-
bed

bed bed bed bed

cd

1 S u p ersc rip t*  *ncicat« which f a c t m  arc averaged a t  a s in g le  le v e l ;  o th e r  f a c to r*  being averaged over i l l  le v e ls .
2 taefi value i s  a r.ean of a t*  re p lic a tio n *  m u ltip lie d  by the  re sp e c tiv e  le v e l o f each f a c to r  not sh o o i* *  a s u p e re c r ip tj  e . g . a value w ith  a su p e rs c r ip t o f *ac* i*  a mean of 51 o bserva tion*  (6 r e p l i 

c a tio n *  X 3 le v e l*  o f  f a c to r  9 x 3  l « a l *  o f  f a c to r  D).



APPENDIX TABLE 30
Standard E rro r of D ifferences (S^) and Least S ig n ifican t D ifferences (LSD)

fo r  the data of Appendix Table 2 9 .

i t » i l D ifference between;

A fferent a

33 Model*

.0062

L S D

.05

>01. .0 2 -
d i f f e r e n t  b - bo .0062 >OL
D if f e r e n t  e / 2 E h / r  a  < tOQZQ- .02
D if fe re n t  d - Hd / j E c / r *  , tQQg2 J2 L
J~\ne a ,  d i f f e r e n t  b 
A f f e r e n t  a* sane b 

D if f e r e n t  a ,  d i f f e r e n t  b

.11 b t 
a I bi 
ji *>i

>1 Hi
H  bl ao Hi ’fnjTfiT

.0107 .02 ^02_
J tho I ,  d i f f e r e n t  c a i  eL -  *1 e0 / i E f c / r / b .0121 >02_ .03
.A f f e r e n t  a f sane c 
-A ffe re n t a ,  d i f f e r e n t  e

*1 si »i »i - U E g / K ^ / r  !f> b .0106 .02 .03
ji-re  -i, d i f f e r e n t  d - *1 H, I ^ E . / r b .0128 ^03.
A f f e r e n t  a ,  sane d
-H fi'-jront a t d i f f e r e n t  d

•1 ■h. Hi dl*0 Hi .0097 .02
b , d i f f e r e n t  e " H  H> r  ft .0121 jQL m .

lA ffo re n t b ,  eaite c 
D if fe re n t  b ,  d i f f e r e n t  0

Hi «i  
H> Hi .0106 ^02 . *03-

Jane b , d i f f e r e n t  d *n, H **1 H> /^ /r . 012£L ^03_ _ 0̂3_
D if fe re n t  b p same d 
A f f e r e n t  b . d i f f e r e n t  d

b l  H  bl H H) dl
bo Hi -Wc/t^/rar . >0097 > 0 2 _ .0 3

Jasie c . d i f f e r e n t  d ° i  “ i - =1 H .0222 >ok .0 6
D if fe re n t e* sane  d 
D if fe re n t c ,  d i f f e r e n t  d

« i  di  
®i di

"0 dl
*u H .009.3 ^ 0 3 _

f in e  *i, saoe  b , d i f f e r e n t  e h  »o h i .0210 .Pit .0 6
J-i-ie a ,  d i f f e r e n t  b f sane  c
A f f e r e n t  a ,  same b p sane  e
H i l c r e n t  a ,  d i f f e r e n t  b , sane  a 

d i f f e r e n t  b ,  d i f f e r e n t  c 
D if f e r e n t  a ,  sane b , d i f f e r e n t  0
J l f f o r e n t  a* d i f f  b , d i f f e r e n t  q

• l  °1*1 bl 01 *1 bi *1 •1 bi ci 
»1 b i #1 •1 bi ex

*1 bQ "1 
*0 b l  °1 
*0 H  «1

bo oq
»0 b i Co
S Q  b Q  CQ

AQ* -l}Eb/Ej/rtO

.0183 A . > 0 5 .

sOEja n e  a . b> d i f f e r e n t  d ai bL ^ - *1 h Uq .0117 •0 1 .
Jama a ,  d i f f e r e n t  b p b a m  d 
D if f e r e n t  a ,  sane  b ,  ea»e d
D if f e r e n t  a ,  d i f f e r e n t  b , sane  d
Jane  a ,  d i f f e r e n t  b» d i f i e r e n t  d 
D if ie r e n t  a ,  san e  b , d i f f e r e n t  d
D if ie r e n t  a ,  d i f f  b, d i f f e r e n t  d

*1 h  *1

>1 b i  d i 
*1 ^  d i 
*1 b l d l

*  ̂^
• " o h . .- *o H
-  >1 H  H- *o bi H- «0 b0 do .0167 > 0 3 ■ Oli

JdM  a ,  aa-ne q ,  d i f f e r e n t  d c i  'k) I^ E p /rb -0 1 2 8 >03. >03-
Jana a ,  d i f f e r e n t  e r sane d 
ianie a ,  d i f f  c ,  d i f f e r e n t  d

*1 ° i  “ 1 
* i  c i  “i

*1 H) “I 
‘ l  <=o hg Î Qf-DScTKbj/r/. .0160 tQX . o i l

JA fi 'e ran t a ,  same c ,  some d
D if fe re n t  a,  sane  o» d i f f e r e n t  d
D if fe re n t i j  d i f f  c f d i f f e r e n t  d

.1  e i  d i 
• l  o i  . 1
>1 <=1 dl

■O 51 dl
• o ' l  ‘‘o 
•g  ° i  H) _.QlL9 0 3 . O l t

bod Jane b , san e  c> d i f f e r e n t  d ■0128 33L >03-
Jane  b, d i f f e r e n t  q a sane d 
.ja-ie b, d i f f  e j d i f f e r e n t  d h *1 i  ■bi co■ °1 «o bg .0160- . 0 3 .oil
id.j f c r e n t  b , eaae e # sane d
D if fe re n t b , same c ,  d i f f e r e n t  d
D if fe re n t b . d i f f  c> d i f f e r e n t  d

bl C1 ^
h °i tb l  ®1

Hi C1 dl
s° ci i*co dg .oxh9 1O3 >0li

v ine  \, siiee L>a sane  d i f f  d / H J t .0222 321; . 0 6 -
J in e  a> same b, d i f f  e # earse d 
> ine a t sa">e b ( d i f f  e .  d i f f  d

•i *1 "i di
>1 *1 ®i h .

• 1  H  H  H  •i H *o Ai .0277 .0 6 .07
>i'“!e ij
A ff  a ,  

J i r f  1 .
ja-ia 1 1
J i f f  a , 
A ff  a ,

i  i i e  a , 
D iff  a , 
'A f f  a f 
3i"ie i ,  
1 A f f  a , 
'A f f  a  >

d i f f  b f
s e i e  b ,
d i r f  b , 
d i f f  b, 
sarrie b , 
d i f f  b , 
d i f f  Up 
•awie b , 
d i f f  ba 
d i f f  b, 
sane  
d i f f  b ,

SarFM c ,
d i f f  c , 
d i f f  c , 
d i f f  e , 
same a ,  
sa n e  « ,  
same c ,  
d i f f  c ,
d i f f  c , 
d i f f  c ,

eaiee d 
sa-se d 
M M  d 
some d 
sane  d 
M M  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

H  Hi 
®g H  *o Hi 
“l  H  >0 H *0 H '1 H 
• 0  H
>0 H  
» i Hi *0 ^ 
Hj bg

c i  d j 
■=1 dl  
= 1 dl
=g Hi 
°0 
Hi 
“1 
»1 
®X 
H)

Hi

3?Hi
°g °0
Hi H i .0259 .06  .07

I factors iT v t is d  at •IncX* 1 ere le t th e others over a l l  le v e ls .
;  S . .  ig .  «nd Ec » , 0 0 2 l 7 5 "  . 0 0 3 9 7 7  ■ * 0 0 X l l 7 8  r . ^ ) M t l w l T  ■ « r «  ( r w l d « l )

a n a ly s e s , re e p e e tlv o ljr )  r  ~ 6 ■ r e p l l a a t i o n s ;  a  :  ) •  le v e ls  o f  f a c t o r  Aj b ■ } ■ l e v e ls  o f  f a c t o r  &| 
t o r  B; /Q  -  2 •  le v e l s  o f  f a c to r  0 ) ^ /  t  ■ l e v e ls  o f  f a c t o r  1).

in  vhole-u nit, sul^ur3.t( and sub-suo-unit
* 9 a Levels of fa c to r  4 x le w is  o f f^c-

138



139

APPENDIX TABLE 31

K a n g a n e S S j  p a r t s  p e l *  r d i l l i o n  i r j  rcwiitit b a s ts ,  in  t h .  f o l i a * .  o f  Iwt, p la n t  t t u ,  C v f f lr^ . in th c ™  ' t r l o n '  and ;h r£ S lrrt£on i£  'C>iri3  C clvinbus'), on two d a te s ,  3 (■■ay 2 ind

•*nd Ju ly  iy:<j>a i\w  to  f a c to r l* !  Ire .itncrrts  o f  th reo  le v e l#  o f i i ilc h , I  (none, -.TOodahOTi.nga, and w oodchips), and th re a  le v e ls  o f  f e r t i l i s e r ,  3 {0, 1 , :nd 2 lb - c f  en lc iu n  n i t r i t e  p e r  1CXO an. f t -  J3* 2

Cultural treatnient, A/B

M ulch, A

(1̂ / b2 t bj)/3

Wood shav ings, *2

VoodchLps, *3

f e r t i l i i e r ,  B

0# Ca$0yt

1# CaNO  ̂f b j

2 $ C ia o j,

0* CaNOj,
1 i  C aN O j, b j

2 * C afJO j , by

aNOj,

Chrysanthemum ‘A rlo ra 1

S t a p l i n g  d a t e ,

5 -2 -6 0 , dT

U9.17
70*81

abed

7 5 .31
abed

78 .61
at

-US .MLabed
U2 .50 55.33

2* Ca.’Jfrj, b j

1 1 / >j)/3

Ch * b2 I* b)̂ '!

0 -  C1NS3.

1 ■ C a’lO  ̂,  b j

C aN O j,

.Ul.67

JO*06_
_UQ.83
J iO.33
1 7 .8 1

a c d

a b e d

a b e d

abed

a c 3

U2.50 J r .  50.56
15.00
1U.72
1U.UU

hh*7?--

V cJ

7 - 2 - 6 0 ,  d j

a

70.83
abed
abcH"

53*33 ti

-52*281a b c  3"

-  1 7 .0 0 ,abed
17.00___No. 83abc a

U9-.17____ltO.Q_Q_. . abed , _ abc _ atx.^

_..57*50_ U9.58____ 38.33__acd ^

_52.73.__U 7.92
abed

-  U3.33, 
52,50 

-5 5 .8 1 -
abed

15.83
-5 3 .0 6
-57 .02

bed

b̂d
E3d"

52.0)t

(V d2)A

12.. 17 
7 0 .8 3 .’
.72*03-

.50*69- "a&c

a te

1 6 .5 1  
1512.. 
U8.89 . 
50.83-

be

"bb

18.38

C h ry sa n th e n m m  'C h r i s  C o lu n b u a ,

S a ' n p 1 1 n g d a t e ,
5-2-60, d.

75 ,83■ L
_U5*0Q_ab
52.50

U7-.78_4_67.22__
ab e d

55.00
a b e d

UcJ
L
a b e d

ted

39.72.al
10*QQ_

ab e d
U2*0.8

-U6.67__4_37.50:abc abed
50.33_____ UO.33

* a c d

_39lU
12.22
U0.83
U3.89

b e d

b e d

bed’

cd

-U2.3L-

7-2 -6 0 , <Jj

_65.oo.
72 .50

a b e d

7U.17 acd

abed
6 6 7 7 ^ ,4 5 3 .3 1  

51.92
a b e d

_ 77.50 ted

7270.
a c d

_58.06.
_62 .5d

bed
bed

7U.71
bc3"
cd

(d1/d2)/2

7512.
7 l,1 5 .._  
63.33

Jtl.92 
_U9.17_

18.19- 
U7.92_J.12.92.'

_57.50.__
tb c

,66.39 53.06,
abed

5U.17 .. U7.08
ab J

78,33_
abc

61.67^ __7o*56_
70.1U ,.c . U3.61 
-7 1 .6 7 -4 -  U2.73
-59.31 -

-65*09— 453*70—

(Cl/cj)/2

Jil.26
U0.00~

-U1.39-

abd

abd

U0.U2-
U1.9L____39,17.___ 55,U?_.
56.67____ U3.33

M

Uo.97. 56,
'W

UU.17-, 65.97

U3.52—

7 - 2 - 6 0 ,  d j

57.08
7 6*6L

abd

, 6 6 .2 7 _____57.71

_6CU00____ !
7 0 *0 0 .
.6 1 .2 1
67.51 abd

-59*58-
ab d

_U8^5-.._

52.29
52.29

-U6*U6_
-5*1.25—r 
53*75—*

-6U.11-

_UU78-4j
U7.29

-51.9U-
-57.73

bd

-5876

-51.15__
a

-U8,5U—  
,U7*13_-
7CU21
7 5 . 0 1

51.0)^
f - u r e r v c r i p t * .  n e '.C u tf t  t l j? f a c t b r s  t h u t  i v c r a t ' j d  , n  a s  , ,g ! e  l e v e l ;  o t h ^ r  f a c t o r s  b e i r j j  a v e ra C ^ d  o v e r  a l l  l e v e l s -? r . . .l . - c h  v a l u e  ; r  .t -<?an o f  .:uc r e n l i - n t  i c -5 ' u l *, : n l  !.?<3 by t , ?  r c r r c c t i ' . - e  l e v e l  o f  o o ch  f a c t o r  n o t  6ho*wn a s  a s u p e r s c r i p t ,  e .  %, a  v a l u e  w i t h  a 5 u r c r c c r l - ' t  o f  " a c "  I s  a o f  36  o b s e r v a t l c n s  (6  r e p -

X 3 l e v e l*  o f  f a c t o r  3 x 2  V v e l s  c l ' f a c t o r  D ) ,



APPENDIX TABLE 32
Standard E rror of D ifferences (S^) and L east S ig n ifican t D ifferences (LSD)

______________ . fo r  the data of Appendix Table 31,
I t e n l I D ifference between: Measured aat S3 Mode1? S3 -05

YaJ77T\
1 . 3 1 J.7Q ,31

d i f f e r e n t  b -  tK> 1mJTaFt JU21 3 . 7 0  1 i i . 6 9

d

ab

D i f f e r e n t  c l/̂ Eh/r <* f
J i r r e r a n t  d

.1 .1 7 9 2 .3 3  i 3*13
JL.225- 6 .2 : 5 * 2 5

jane  a ,  d i f f e r e n t  b 
A f f e r e n t  a ,  sane b 
A f f e r e n t  a > d i f f e r e n t  b

■>[ b t
a i  b '

a i

■ » , by
- k, *>i- »0 /?*Vr

J i^ e  1, d i f f e r e n t  c »1 ci *1 °u i f e b / r  C b
3.15 -6.. i l l

.A f f e r e n t  a ,  eaec c 
A f f e r e n t  a ,  d i f f e r e n t  e

*1 C1 
A1 c i

*0 01aU c0
2.0h2 5 J 1

^ [ [ / d - O E b / E ^ A / *  b

. 5 , 5 0

- 2 . 3 2 ii.63 6 . 2 6 |
...3*25

r e  t ,  d i f f e r e n t  d a l  «0 6.25
I ,  f , r  L*nt a ,  a ana d
A f fe r e n t  a ,  d i f f e r e n t  d

*1 k
d i

*0 d l 
»0 «0 3 .1 2 6 .3 0

i i - e  b , d i f f e r e n t  e - *>1 °0 ( 'S i t /i- i '* 2 . Q U 2 J4 . l l
A f f e r e n t  b , am *  c 

D if fe re n t  b j d i f f e r e n t  e
bi_
bT

>tl » l 
°0 -2 .. 32

i.2U
5 .3 0

-6.26
Im o  b r d i f f e r e n t  d b i dl - bl <b
D if fe re n t b , aaflie d 
D if fe re n t b* d i f f e r e n t  d

bi di
d l

by di bQ do
3 .1 7 2 6 .2 5 8 .2 5

Hme c . d i f f e r e n t  d
- 2 J J L 5*2.2. 6 .36

/2Ec/r
D if fe re n t  e ,  sane d 
d i f f e r e n t  c ,  d i f f e r e n t  d

5-.L25- 1 0 .3.3 2 5 * 2 2 .

co 'k) />  [ i f  - D E c / B b J / r  A f
- 1 , 7 1 5 * 5 2 . I t .  6 J4

* n e  a sane b , d i f f e r e n t  e ai bi p| - a i bl =0 / d V '3
J n e  d i f f e r e n t  b , aame c 
. / i f f e r o n t  a ,  an re  b* sane a 
tU '. c re n t a ,  d i f f e r e n t  b , sane  0 
j - i ’u ij d i f f e r e n t  b , d i f f e r e n t  c 
D if fe re n t a ,  aan* b , d i f f e r e n t  c 
J\ f f o r e n t  a , d i f f  b , d i f f e r e n t  e

a, b t »! 
a l  b l  «1 »1 bl #i *1 b, ci *1 bl ®1
*1 b i c i

a l  Vj °1 
•0 k  e l  *0 b() "i 
a l  b o  s q  
®0 bi e0 
ao bo eo

3 . 5 ^ 6 .7.13 9 .3 2

/i{(* -1Kb/ Ê j/r TA

5*02- 8 .1 3 10*85
ja n e  a ,  sanw b> d i f f e r e n t  d 1 °1 al b l  k>

l i n e  d i f i e r e n t  b ,  s a n e  d  
D l t ' i c r e n t  a ,  s a n e  L>, s a n e  d  
D i f i e r e n t  a ,  d i f f e r e n t  b ,  s a n e  d 
j a n e  - i ,  d i f f e r e n t  b ,  d i f i e r s r t t  d 
D i f f e r e n t  a ,  s a n e  b ,  d i f f e r e n t  d  
b U  i o r e n t  a ,  d i f f  e ,  d i f f e r e n t  d

*1 A  dl *1 bl <h
‘1 h  J -*1 b l di*1 bl di*1 ^ k

1*0 b i d j
“O bo dl  ®1 bo k j*0 k dy
"o bo ky

3 .9 8 6  7 . 6 6 ,1 0 .1 0

/ 2Q / • - ! ! £  Cf i . z \ / T e r

-U.17 8.31a 1 1 .0 0
me a .  ea*rt« c ,  d i f f e r e n t  d *1 Ci 4JQ 3 .1 7 2 . 6 * 2 5 3 . 2 5

ja T te  ,-v,, d i f f e r e n t  c*  sam e d 
xiTie a ,  d i f f  c ,  d i f f e r e n t  d

*i ° i J  *1 c i k
k j di
co r ^ 7  ■ D E e^ E b J / r / a 3 .2 2 6.U6 1 * 5 1

D i f i e r e n t  a ,  s v t e  c ,  s a n e  d
j ^ i i ' i e r e n t  n ,  s a n *  c ,  d i f f e r e n t  d
D i f f e r e n t  a ,  d i f f  c»  d i f f e r e n t  d

al  c i k
• l  =1 d!
a l  C1 d l

”0  Cl dl
• O ik  “0 °1 k)

•fi\f - l ) E b /  E .J /r /S rf-b

3 . 1 i ? 4 6.77 1 . . 5 5
bed ja-> e a a n e  c ,  d i f f e r e n t  d Êc/ra 3 .1 7 2 6 .2 5 6 . 2  5

•>Vne b j  d i f f e r e n t  c ,  sam e d 
y m e  b 4 d i f f  e ,  d i f f e r e n t  d

h  ° i k
k  °1 dl

k  c g  d l  
®i co k i 5*22_ 6.U6 ^ 5 5

i d i f o r e n t  b ,  s it w  c ,  earae d
D i x i e  r e n t  b ,  s a n e  c ,  d i f f e r e n t  d
D i f f e r e n t  b , d i f f  c ,  d i f f e r e n t  d

bo C1 d l
,k> c ila, CO k j

fc \0  (< r-D e c /  ( ^ - D i y / E X J / r i f  1
3 . I 4J4 6 .7 7 OCT 

■v' ^
sane b , sane c» u l f f  d a l  bl Cl (Jj - .1! t>i Cl dy 5*lx25_ .1 0 .8 3 1L.29

j k n e  ,  sam e  b# d i f f  e ,  a e n e  d  
y ,  SA ne b .  d i f f  0 ,  d i f f  d

^  t j  dj
*1 **1 ° i  1̂

“ 1 Cy fll*: k •o k 5 .2 3 1 0 . < l i 1 3 . 9 1
'e ij

I f f  3 , 
A f f  ^
jO- IQ 1 (
. A f f  1 ,
A ff  a t 

j  »™ie 1, 
J i f f  a ,  
D i f f  a ,  
j i n e  a , 
A f f  a ,  

' A f f  a ,

d i f f
a n n e
d i f f
t l i f f
sane
d i f f
d i f f
a e n e
d i f f
d i f f
aane
d i f f

•  A-TO C , 
aa -«  c j
aa-se  c , 
d i f f  c* 
d i f f  e , 
d i f f  e , 
a a n e  c ,  
e a n e  c t 
aane 0 , 
d i f f  Cj 
d i f f  c j 
d i f f  c j

s a n e  d  
a a n e  d  
same d 
s a n e  d  
a a n e  d  
s a n e  d  
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

ei  k  
®i '• i
C l d l
Cl d!
n  k
ci  di
c i ^  
°1 dl 
*1 d l  
° 1  d l  1

a l  k ;

•\) kj 
a l  ®0

e l  d l  - *0 ^

bl ‘‘l 
C1 dl  
c i  dl  

dl  
CO dl  
«0 d ) 
Cl k ) 
°1 kj °1 ®0 Cy do
'0  k)
CO dy

5 ^ 2 5 . 11.83 15.19
^ P ie to r t  a v « ra (e d  a t  s in g le  le v e ls )  th e  o th e r s  e v e r  a l l  l e r e l e .
2 g , .  «nd Bt, . 1 6 8 . 6 1  . 7 5 .0 2  . .n d  9 0 .5 8  r . . p . o t l » l r  •  e r r e r  ( r e s id u e ! )

a n a l y s e s ,  r e s p e c t i v e l y ]  r  - 6  v  r e p l i c a t i o n s ;  a ;  3 • l e v e l s  o f  f a c t o r  A; t> > 3 ■ l e v e l s  o f  f a c t o r  D; 
t o r  D; / Q  z 2 » l e v a  l a  o f  f a c t o r  C; “ 2  “ l e v e l s  o f  f a c t o r  D. ____________________________________

in  w h o le -u n it ,  s u b -u n it ,  and s u b -su u -u n it
- 9 — l e v e l s  o f  f a c t o r  A x  le v e l"  o f  f i e -
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APPENDIX TABLE 33

Manganese, p a rts  per B illion  dry w eight b a s is ,  in  th«  fo lia g e  o f  t*o plant f u a ,  j  ^ fe ijo a  se llow iana  and Li g u s t run  Japon icua) ,  on th re e  d a te s , J  (O etcoer 5, I?oO, m l  June 1

'a n d  Ju ly  21* l ? 6 l ) ,  due to  f a c t o r i a l  t m t n a n t e  o f th re e  le v e ls  of nu lch , 4 (non*, woodshartngs, and iroodchipsj and th re e  le v e ls  o f  f e r t i l i w ,  3 (0 , 1 , and 2 lb - of c U c iu a  n i t r i t e  p e r  1000 sq . f t - )  *

C u ltu ra l trea tm en t A / B

M u lc h ,
k

N o n e ,

a l

Wood shaving*, 

•2

Wood ch i p i  

*3

( » l /  a2 i i^V3

0# CDIO3, bj
li C1SO3, bj
2# CiS03j b j

 ̂ L01.7
2# CiNOj,

Of C aN O j, ^

lif  CaNOj, b2

2# CaNOj, bj

/ bj / t»3>/3

0 /  Ca.Y0j» b j

1 f Ca’JĈ , bj
aNÔ, bj

9>1 / bj / b3V3 
_______

f  « t  J  o i  a e l l o v i a n a ,

5 « »  p 1 i n g d a t e ,

10-5-60 , *1

79.2

acj

73.3
12*5

6 5 . 3 _

M .Q _
5 7 .5 *
) d £ l
58^3.

$L& .
6 5 .0

6 -1 -6 1 , d j

5 i . o
58.3 ._.Ji6*Z

abed]

53.3
-5 7 .5

a c d

5 6 J L
- 5Q^l__r_6 l . l

5 l A
b o .8

5 3 .3 ,abed _
5 8 .3 ___55.0

135*8.
U5.8Jbcd 18.3'
15.8'

_ abed

a c d '

. I S A .
_Z3J_

^U .U -m -U .7 . h  

6 6 ,7 _____SQ.6.
E c d "

,57.9 U55.3

7 - 2 1 - 6 1 ,  d 3 :dx /  d 2 /  d 3 ) /3

71 ^
5 4 * 7

56_*1_
56^2

abed

5 7 .5 iSk(! 65.2 s&t2 5 5 .0 .j3 3 .3 -  5 7 .5 -

acd

5.2___56 .5

58.3' add

55.0
5 3 . 1 -
57*8_

[c14c2)/2 ( W d3̂

6 -1 -6 1 , d2 (d1 / d , / d 3V 30 -5 -6 0 , d:  

abed
7 - 2 1 - 6 1 ,  d3

5c3
10-5-60 , d3 

aEd
6*1-61, d? 7-21-61, d3

72.8  
65.0_J

abd
2 6 * 2 _ .abd
133.3

abed
60.5__

190 .8_
acd - 5 1 .7

155.05Z*2_
53.1_.,

53 .1

56.8 . 
33 .3  
52 .2

abc

50.3_

5 2 . 8 ^ 5 7 . ^ - 7 6 . 5 ^ - 3 0 . 8 -

55.0__

5 7 a _ _

1Q0..1
abed

abed

t2ii.7.._-i2a*3acd

185.f abed
75.8___27.5

_ abed 4
79.2 31.7

2

33b3
a b e d

75.2_.J
acd

102 .562 , 3_
g : . l  .

cd

135^5

28.3 . 19.2
abed

ab e d

acd

-30*0- abed
ab e d

23.6
32.8

•Fc
Tie5'

158.9—, 32.5 , 57.5

abed

abed
1 8 .3 -- ,acd

-53.3
5 5 5 .2

51.71
56.8

ab e d

-57.2
50,3

acd

bet

.59-*2- bed

31.3—Lh2_̂ Q_

_ 5 9  .5
108.6
96 .1  133.8

- a a .Lab
.1 9 .2 .
55*L
-SUL

80 .0

72.0

173.3-__ 38.3abd
ad

60.8
_66*2_

_ 5 1 ^ _ 6 5 ^ . 5 3 . 3  
6 0 .5  83.8 53.5
75.9 1 1 0 .1 -

35^6. 57 .9 ____56 .5__

38.3-

-37*1— 57.1* 
66.7-, 21  52.9

38 .8_ 
-39.6-

i i2 * a _

102.2 51.1.6 57 .1

- 5 7 . 6 -
-56.7-

55.0
5 7 .1

ad

5 3 * 5  _ . J t L £

-86.5
I A

-7 5 . 6 —5  

5 5 .5 -
5 3  . 3 _

59.2.
-51.0-

6 5 .6
* S u p e r s c r i p t s  i n d i c a t e  w h ic h  f a c t o r s  a r e  a v e r a g e d  a t  * s i n g l e  l e v e l ;  o t h e r  f a c t o r s  b e i n g  a v e r a g e d  o v e r  a l l  l e v e l s .
2 sae .n  v a lu e  i s  a .-e a n  o f  s i x  r e p l i c a t i o n s  m u l t i p l i e d  by th e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r  n o t  show n  a s  a  s u p e r s c r i p t ,  e .  g .  a v a lu e  w i t h  a s u p e r s c r i p t  o f  * a c *  i s  a  r e  a n  o f  FL o b s e r v a t i o n s  ( 6  r e p l i 

c a t i o n s  x. 3 l e v e l *  o f  f a c t o r  B x  j  l e u l s  o f  f a c t o r  D ) .



APPENDIX TABLE 35
Standard E rror o f D ifferences (S^) and Least S ig n if ic a n t D ifferences (LSD)

fo r  the data  of Appendix Table 33*

I len l D iffe ren c e  betw een: M e a s u r e d  * « i S3 Hod*1^ 33
LSD

■ 05

■l f  t) 2 k 1 9 .2
d i f f e r e n t  b b<j • h i i / r a r  . . 7 . 1 0 JUl 19*2
D if f e r e n t  0 /gÊ /r a 1 6.98 12 .0 7L6,

d
ab

different d / ’E c /rv 6.60 ■12. S 16-9
-hine a ,  d i f f e r e n t  b 
d f f e r e n t  .a, sane b 

d i f f e r e n t  a ,  d i f f e r e n t  b

■'1 bL 
A, b,
*1 bl

*1
ao 0̂ /aE./r />r

1 2 .3 0 25 .9 j j_ a
Jn - ie d i f f e r e n t  c al «0 /2Eb/rft 10.35 2 0 .9 2 1 o
- i f f e r o n t  a ,  s a n e  c 

.J i-T o  r e n t  a ,  d i f f e r e n t  e
*1 °i “i «i sO '1 ly =0 - l ) E b / E 3 / r / y i  b 10.20 20 .6 2 3 ^

_5lAj a n e  a ,  d i f f e r e n t  d

A i l ’ . r e n t  .1,  s-ane d  
. .I f f .- r e n t  a , d i f f e r e n t  d

*1 ■*! * 0  d l•o ‘Ai
a g .92 JleL
11.61 2 3 .2

Ja-i« b j d i f f e r e n t  a Oj *>1 *0 rr* 10,35.. 2 0 .9
l i f f e r e n t  b , same e 
D if fe re n t  b , d i f f e r e n t  0

a> ®i°0 10.20 20.6 -2-7.5.
l a - e  b , d i f f e r e n t  d /sEc/r 1 6 -9 2 -31.5 5 1 .5
D if fe re n t  b , sane d 
A f f e r e n t  b , d i f f e r e n t  d

b i
b! di

bo di 
bo 4 j -U s c t z ^ / r a r t -11.61 ., 2 3 .2 30 .6

vme c ,  d i f f e r e n t  d « !  d i /2Zc/r -2J..57
D if f e r e n t  e, san* d 
D if f e r e n t  c , d i f f e r e n t  d

-5k^- do «i
- eo <*0 |6 [(/■ -DEc/Ebj/r.r .9.59 3-9 .1

71 >7 

_l£*k
iin e  a .  sane b , d i f f e r e n t  e *1̂ 1°! ' ai ®o /2Eb/‘V

*1 bO »1
oq ^  c i•0 bo °1
a l  ^ 0  ° 0«o c0 «o 0̂ °0

J.7-.93 3 6 .1 1 5 5 .3
i n o  a , d i f f e r e n t  b , same e 
.A f f e r e n t  a f aana b ,  san e  a 
A f-'.’r e n t  a ,  d i f f e r e n t  b , seme e 
J \ - o  i, d i f f e r e n t  b j d i f f e r e n t  c 
lA f i 'c rc n t *» saTie b , d i f f e r e n t  c 
J i f f u r e n t  a , d i f f  b , d i f f e r e n t  0

»1 b i <>!
*1 n °1*1 bi «1 »1 «1 al bi Cl■1 bl »1 17.66 35.6 5 7 .7

Ja.ro a ,  same b , d i f f e r e n t  d ®i bi di h <*0 19.59 3 8 .5  I 6 0 .7
Jane  d ,  d i i i e r e n t  b ,  same d 
D if f e r e n t  a ,  sa-a* b* san e  d 
D if f e r e n t  a , d i f f e r e n t  b , aej^e d 
Jane  i ,  d i f f e r e n t  b ,  d i f f e r e n t  d 
L fi i'ie ren t a ,  sane  b , d i f f e r e n t  d 
j U i e r e n t  a , d i f f  o, d i f f e r e n t  d

 ̂I1■i "i 51
*1 W <>i 
*1 °1 dl  
• l  ^  di

*1 ?□
*° 5 6*0 bO dl 
ttl  by ^0
*0 b i  >*0
"•J b 0  <*0 20.12 5Q.ll 53.1

j n e  s ,  sane  e d i f f e r e n t  d «1 e x al el °0 6bc/r 1 6 .5 2 -
Jane  a ,  d i f f e r e n t  e» sane d 
jane a ,  d i f f  c ,  d i f f e r e n t  d

*1 bl “1 *1 C1 ^ *1
3 1 . 5 ; 5 1 .5

:o '’o /jQlT-DEo/E /̂r/t 16.61 3 3 .1  5 5 .0
D ii i e r e n t  a ,  same e» san e  d
lA ffo re n t a t same c , d i f f e r e n t  d
D if f e r e n t  a ,  d i f f  e ,  d i f f e r e n t  d

t i•l «1 **1 
a, «i di

oq ci di *0 C1 <*0 
*0 dQ

-1 )Eb/ E,]] /r J<f b
/!'tc/rm 16.62 33.0- iO*9

Jan e  b , sane Cj d i f f e r e n t  d 1 5 .9 2 31*5 iX*5
Jim e tr, d i f f e r e n t  ct sane  d 
^i~i« b, d i f f  e , d i f f e r e n t  d

bl bl bl
**1 °1 dl  -  ®l <=0 '•o

6£(7"-l)Ec./E^/r<r. 16.61 33.1 5 5 .0
■d-i f c r e n t  bj sa-^o c, 
D il . 'o re n t t»t sane c, 
D lfferoriL  b, d i f f  c

sane  d 
d i f f e r e n t  d 
d i f f e r e n t  d

^ cl dlbl C1 t  H ci €
- bo '1 di
-  "0  « i  bu
-  b y  CO d y 16.62 3 3 - 0  Ji3 -9

sane u, s .ir»  c ,  d i f f  d ’1 W <>! dl - *1 ^ *1 *1; 27.57 5 5 .3  1 7 1 .7
J i-n  *i# some b» d i f f  c ,  ee-ne d 
Ja-ie i ,  sa-ie b , d i f f  c, d i f f  il

i |  t»i o j  di •  ftj oy di
a i  e l  **1 * *1 k i °o ’h

|6p/--l)*0/E3A/ 2 8 .7 6 51±2 7 6 . 3
I f f  A , 
A f f  1. 
Ja-ie i ,  
* d f f  •». at: a ,  
J n e  1 1 
J if f

: A f f  a ,
J*i*ie a ,.Aff a> 
‘J i f f  a *

d i f f  b , 
sa  te  o, 
d i f f  bj
d i f f  b,
S.lne b, 
d i f f  b, 
d i f f  l», 
sane b , 
d i f f  b , 
d i f f  b , 
sane b, 
d i f f  b ,

sane c t 
sane c r 
aa-ie c ,  
d i f f  0 * 
d i f f  e ,  
d i f f  o f 
sane  c , 
eAne c ,  
s-in* e . 
d i f f  c, 
d i f f  c , 
d i f f  ct

sane d 
sa  ne d 
san e  d 
sane  d 
aajne d 
sane  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d 
d i f f  d

* i w °1 <*1 -  a i bu " I  d l
*1 b l bl *1 - bl Cl d l
*1 b i Cl dl -  *<> 111 Cl d l
*1 », '1 “ l -  a , Cy d l
“l  ^ °1 d l -  »fl bl «0 ^
*1 ^ e l d l -  ><1 bfp «() d l
*1 ^ *1 <*1 -  a 1 bl. °1 cVj
*1  h *1 -  "n *>1 c i  bo
*1 b l ®1 dl -  «n On ° i  'ki
*1 |>1 2> - *1 °0  <io
»1 b, di -  ®<1 bl =0 bfl
a l  b l °1 d i -  *y °tl <k

DEĉ

28.61 57.0 1 76.0
M o to rs  av«r«ged a t  s in R le  th e  o th e rs  o v e r  a l l  le v e l s .

: B». ib, end E„ . 2 7 2 5 .  > 2893»  * *"d 2 2 8 0 . reepectlvel? • error (reeLdual)
a n a ly s e * , r e s p e c t iv e ly )  r  r  6  ■ r e p l ie a t io n s j  a z 3 e le v e ls  o f  f a e t o r  A; b ■ 3 ■ le v e l*  o f  r a c to r  Bj 
t o r  D; / 3  z 2 • le v e ls  o f  f a c t o r  G )^ *  * 3  * l e v e l s  o f  f a c t o r  D.

in  v b o le -u n it ,  s u b -u n i t ,  and a u b -s iju- u n l*- 
:  )  :  le v e l*  of f a c t o r  A * l e r e l e  o f  fn c-
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APPENDIX TABLE 35

Analyses o f variance mean squares fo r  the  e f fe c t o f mulch and f e r t i l i z e r
f a c to r ia l  treatm ents on s iz e  and weight o f the two chrysanthemum clones

and l in e a r  shoot growth o f the Fbijoa . 1

Source o f  
v a r ia tio n d f

Mean square, sometimes rounded to  n ea rest u n it

Chrysanthemum clon es Feijoa

S ize2 Vfeight2 ' 3
se llow ian a  
shoot growth

R ep lica tes 5 1,958 .16 56,578

Treatments:
Mulches (A) 2 135,911** 21*. 63** 61*2,535**
F e r t i l iz e r  (B) 2 1,11*9 .79 318,2 2 8'"'*
A x  B 1* 1,278 .20 1*1*,51*1

Error (a) 1*0 1,158 .26 1*8,168

Plants ( C) 1 2U,151** •17„„
A x  C 2 l*,ol*l* 1.1*2"'''"'
B x C 2 1*13 .13
A x  B i  C h 6m .12
Error (b) 1*5 738 .21*

11*3



APPENDIX TABLE 35 (continued)

Analyses o f variance mean squares fo r  the e f fe c t  o f  mulch and f e r t i l i z e r
f a c to r ia l  treatm ents on s iz e  and w eight of the two clpysanthemum clones

and lin e a r  shoot growth o f the Fbijoa

Mean sq u a re , sometimes founded to  n e a r e s t  u n i t
Source o f  „  ,, , _ , .
v a r i a t io n  d f  Chrysanthemum c lo n e s  Ffeijoa

--------------------------------------------------  se llo w la n a
S ize2 Wei g h t2 j 3 sh o o t” grovrth

Sam pling d a te s  (D) 1
A x  D 2
B x  D 2
A x  B x  D a
C x  D i
A x C x D 2
B x  C x D 2
A x  B x C x  D a
E rro r  (c) 90

T o ta l 215

88„„ 9 k .7 6 s*^  1 _yr \ r

80,291*"" i 2 . 9 k : ;
616 1.38'"'*

2 ,1 5 8 ^ .7 k " ''
3 0 ,3 k l £

3 ,6 7 3 "“
5 - a i r :  
1* 32T

515 .k l*
2k5 .2k
58k .17

Symbols and in d ic a te  s ig n if ic a n c e  a t  th e  5 a nd 1 p e rc e n t 
l e v e l s ,  r e s p e c t iv e ly .  S ig n if ic a n c e  o f  each was determ ined  by c a lc u 
l a t i n g  th e  F - r a t io  ( tre a tm e n t datum d iv id e d  by a p p ro p r ia te  e r r o r  datum) 
and comparing i t  -with th e  ta b u la r  F -v a lu e . F - r a t io s  needed f o r  s ig n i 
f ic a n c e  a re  shown below :

P ro b a b i l i ty  
o f  a  la r g e r  
F -va lue

Num erator ( tre a tm e n t)  d f  /  denom inator ( e r r o r )  d f

2 /k 0  h/kO l /k 5  2/k5 k /k5 1/90 2 /9 0  k /90 2 /180  k /130 8/180

.05 3.23 2 .6 1 k .0 6  3 .21 2 .59 3.95 3 .10  2 .k8 3-00 2 .37  1 .9k

.01 5 .18  3.85 7 .2 6  5.13 3 .80 6.93 k .8 7  3 .56 k .6 l  3-32 2 .5 i

o
A n a ly sis  o f  v a r ia n c e  was on a  su b -su b -u n it  b a s is ,w ith  p la n ts  (C) 

i n  th e  s u b -u n it  a n a ly s is  and sam pling d a te s  (D) i n  th e  s u b -s u b -u n it .

Degrees o f  f re e d o m (d f )  f o r  sam pling d a te s  (D) and a l l  i n t e r 
a c t io n s  c o n ta in in g  t h a t  f a c to r  shou ld  be tw ice th e  v a lu es  g iven  s in c e  
th e  w eight a n a ly s is  o f  v a r ia n c e  c o n s is te d  o f th r e e  sam pling d a te s .  
A cco rd ing ly , th e  E rro r  (c )  d f  shou ld  be 180; th e  t o t a l  d f  323.

Ihh



APPENDIX TABLE 3 6
The s iz e ,  (cubic inches per p la n t), o f two p lan t taxa, C (C. 'Arlora' and C. 'Chris C o l,1) ,  on two dates, 
D (A pril 27 and June 30, I960), due to fa c to r ia l  treatments o f three le v e ls  of mulch, A (none, woodshav- 
in gs, and woodchips) and three le v e ls  of f e r t i l i z e r ,  B ( 0 , 1 . and 2 lb ,  o f nitrogen from calcium n itr a te

per 1000 square f e e t ) . 1*2

C u ltu ra l t r e a t r e n t ,  A /B

t f u l c h ,  A

N o n e ,

t b2 f kj)/3

0* CaNO^,

Wood s h a v i n g s ,  *2

Wood ch ip  s , a-i

a l e  3 v . i . ' . e  
1 i e '. t ' .o s . ' :  x  3 nc

F e r t i l i z e r ,  B

0If CaNÔ, bj
1* CaNOj, bj

2# CanOj, b}

l i  Ca*J0}, t>2 

2 f  C aH O j,

(»! t »j>/3

0* Ca?J03,
1 4 C iL '. 'O ^ , b j

2i* CaNC^, b j

( t^  / b ,  /  b 3)/3  

0* CaNÔ ,
1 • CaNOj, b2

2* CaMOj, b)

/  b , ; / 1

C h ry s .T n th en tu n  'A r l o r a ’ C h ry sa n th e m u m  'C h r i s  C o lu n b u s ,  Cj

S a m p l i n g  d a t e ,  D S a m p l l n g d a t

1 7 0 . L'0

181.33-
171-3-3—,acd

m * 2a
-3 0 ,0 0 .

abed̂
abed

L  3? ,0 0 —
abed

_21 .12_aacd

30.06 .
a b e d

37 .00 -,a b e d

lil.1 7 .
a b e d

58.50 ,

.52.22
85-83

-87.17
33.56

-85.52

* ■ 3 *  - 6 0 ,  d j (dj/i2}/t

68.00 , 119.25
a b e d

a b e d

:6- 3 3 . J j a 8 . 8 3  
.M 3.2.1

abc
abc

169.83 
105.50 . 
157,6?

abed

a b e d

4

-56.61 ’abed
6 9 .0 0 .

a u c u

.63 .67---
7li*5CL.acd

.171 .00__
abed

-3 f i .3 3 iM
...3 9 .0 0 .-.

a b e d

38,17....
acd

153*17
123*17

13<U2k- 
80.33 ' 

-86.33- 
113.17

a be 3

79.50.,^, 
13.17 ,

acd

6.0 , 08. 
_ 60-33-

37.33

a b e d

J2_.0Q.__
a b c u

.62 . 6l
6O..O6

bed
b e d

72.9b
be’ li0..o6„._ 

-83*561"-
b ed

^ . . ; o  7W.U . s ; .- ;o  , ,
79.33 ...

"b e

50.06

L. 82.96__1105.32

. - 3 . - 6 0 ,  d j  

122.50

abed
idc3

a b e d

78.33 bd
abed

100.6.7__
ab e d

85-63
a c d

.07,914—
^  b e d

93.89 
113*56 
108.72

t i e  f i c i o r s  t h a t  :»m .’ V 'T . i r id  

- a -■win c f  t  t  / j n l i e a t  : c r  s  • - l i t  .~1 
*1* o f  r ? c t o r  " x 2  l e v e l s  o f  f a c t o r  0) .

s t  a s  : .- f le  l e v e l ;  o t h e r  f . i c t o r s  be 

by f - c  r - 'z ;  e c r . '.v e  le v .’ I  o f  e a c h  f .ic

_-61l-.Q0__
b e

_Q3*72_ _

- 5 9 .5 3 - 4
96.28 c

9U.17
In*; a v e r a g e d  o v e r  a l l  l e v e l s

t o r  n o t  show n a s  a  s i p c r  e r l p t ,  e .  3. a  v a l u e  w i t h  a

bed 
f>cd 
ed

(di/d̂ A

.162.J3..
1 1 l0 .1i2_ J_  16). ,33_

151.97
...58*58_.
_62.22_

73.17

66,55
- 61.U2-

66.32
61,25

*c

a b c

a b c

a b c

Cg)/2

4*7-63, d;

_170^17_
187 .2h

172*61l
_ 3 3  *17-,;-  

3? .00 
2 9 . 6 7

_  33 .9h__
abd

-  S ’US-habd

- 36.^8
51.08*“

W

6-j*> *60, d?

_25.25„
ioiu25_

8)1.1 3

a b d

61:.92-....
a b d

-9.6.3 3

3 0 J 5 -
abd
a b d

90 .08 ,
.  .  a b d

65.00

(d1/ d?)A

132.71
Diti.08

_ 1 2 k .3 3 _

_56.39_ 
..60*75 .. 
-63 .33 -

ad

J 16J J 4

8)4, 62.
-86,3.3-
31.69.

81u2tj—
^ u p e r z c r i ^ t  o f  l i e *  I s  a  rm .m  o f  ) 5  o b s e r v a t i o n s  (6 r e p -

58. Ok

._.75.,28 60.71
80-37 bTd

90.07 83.13
-01.32— 31.79d

82.96 . __83.60-



APPENDIX TABLE 37
Standard  E rro r  o f D iffe re n c e s  (S j)  and L east S ig n if ic a n t  D iffe re n c e s  (LSD)

?or the  d a ta  o f Appendix Table 36
I taeii D iffe ren c e  between! Measured as : SJ K o d tl2 33

L S D
■ 05

V a . / r ^ b

1 6 . 3 6 |

9 . 9 6

- bo /ST/r. 6.67 11. h6
/ K i , / t a  j 3.70 7 . h 6

d

l b

J i r f e r e n t  <3 «tg A s c /r r t  , 6.13 8 . 6 6
J-kn* a ,  d i f f e r e n t  b  
d f  . 'G r a n t  n ,  s a n e  b 

D i f f e r e n t  a ,  d i f f e r e n t  b ai *0 0̂ 9 . 8 2 19 .86  26.66
i't-i* d i f f e r e n t  c a l  " I al  e0 / jE b / r /b
d f ; ' e r a n t  a ,  s a - w  c 
fc L .P e ren t a ,  d i f f e r e n t  c

"n '1 
a0 c0

6 .ho
- l )E b y E 3  /r //S  b

12.90 117.2h

J i-vs i ,  d i f f e r e n t  d 6 s ./rb
a ,  a-if-i* d

i f f ; r e n t  •*, d i f f e r e n t  d
*0 di \] dy

7.h3 |l?i.99i20.06
3 .06  j 6.68 120.96

J L O L 2 1 . 2 1
S i- o  b ,  d i f f e r e n t  0 >>1 n
a f f e r e n t  b ,  a n n a  e 
D i f f e r e n t  b .  d i f f e r e n t  c

I*
bT *i

“i
b- ®0

6 .I1O 12.90

I n *  b ,  d i f f e r e n t  d ’n.
7 .h3 ik*99.

/ r a , 8 ^ 0 6 i s * s 3

I 7 . 2 h

2 0 . C 6

20.96
D i f f e r e n t  b ,  som e d  
n f f e r e n t  b ,  d i f f e r e n t  d

bih], dl bo ^  
bo do 8 .Oh 1 6 . Oh 2 1 . 2 3

-»ans c .  d i f f e r e n t  d "o / 2Ec/r
d i f f e r e n t  t ,  a a r te  d  
J i f f e r e n t  c ,  d i f f e r e n t  d

■ 2 3 . 5 . 6 27.60 ,26.30
- cu 0̂ /?  ( if  - D ' c / E j / r . f

ii-^s a ,  s.'ina b , d i f f e r e n t  e al  hi /=E J r
6.9h 1 1 . 8 2

11.09 2 2 . 3 -

1 6 .7h
29.87

i n *  a ,  d i f f e r e n t  b ,  s a n e  c 
a f f e r e n t  a ,  s a^ e  b , sane Q 
n T :  e r e n t  a ,  d i f f e r e n t  b j  s u e  0

S n j  1, d i f f e r e n t  b ,  d i f f e r e n t  e
L d f f c r o n t  a ,  sa-ae b> d i f f e r e n t  c
D i f f e r e n t  a ,  d i f f  b ,  d i f f e r e n t  e

aI ®1 
*1 hi 01 
*1 hi '1
i l  h i  C i 
a i  b i  81
11 h i Cl

a l  hO "1  
10 *>1 *1 
10 *>0 *1 
nl  b o  c o  
*0 bl co 
•0 bo co

/z [ V  -l)Eb^ E j / r rg

Sane a ,  m m  b , d i f f e r e n t  d n  bi  di J rfi
12.86 2 6 , 5 l 2 k i l 2

.9.92 19.61. |2 6 .79
j u r e  a ,  d i i i e r e n t  b y s a n e  d 
D i l i e r e n t  a >  s a n e  u* sam e d  
i h i * e r e n t  a> d i f f e r e n t  b ,  sane d
J a n e  3 ,  d i f f e r e n t  b ,  d l f i e r o n t  d
i / t r . a r e n t  a ,  s a n e  0 ,  d i f f e r e n t  d
J i l i e r e n t  a ,  d i f f  u ,  d i f f e r e n t  d

*1 h
■i _ 
a l  h i  ' - i  
«1  h-t 6 , 

*1 bl dl  
al  dl

11 k° 6 -
“o t

“o  bj. dy■\) bg d̂ 2 3 .9 2  27.77 3 6 2 ? 6
J a * e  a ,  sa-ne e ,  d i f f e r e n t  d Cl <3o‘

i i n e  a*  d i f f e r e n t  c ,  s a n e  d  
>a-ne i j  d i f f  c ,  d i f f e r e n t  d

*i ° i  di 
ai  ei "*1

■ 51 =0 ‘1
■ a i  co bo

3.06 16.88
2 0 .29 2Q.h8

2 0 .9 6

2 7 * 2 1
i M 'f o r e n t  a ,  s a n e  1 
J i f f e r e n t  a ,  s a n e  
J i f f e r e n t  a ,  d i f f  1

s a n e  d 
d i f f e r e n t  d 
d i f f e r e n t  d

*1 n  <*i
*1 ci  di  
*1 ci  di

CO c i  d i
1 'O C1 ^ 
*0 %

fafys ( /■ -  1)EC/  - l ) S b /  S ^ / r / V b

9 . 2 3  lL 8 . J j 2 L L 5 6
bed j . \ n e  b ,  s a n e  c .  d i f f e r e n t  d hi hi ”1 «o O,06 16.88 2 0 . 9 6

S-iT.e b ,  d i f f e r e n t  c ,  s e n *  d 
-.i-ne U» d i f f  c ,  d i f f e r e n t  d

hi ■=! *1
■*1 °1 dl

‘  b l  ° 0  d l  - °1 c0 ho / 2Q (T -1)Ec /  Ebj/r/"*
1 0 . 2 9 2 0 .h" p 7  O n

t -  1 *  £-  t

d i f c r e n t  
J i : .  e r e n t  
D i f f e r e n t

s a n e  c ,  s a n e  d 
s a n e  c ,  d i f f e r e n t  d 
' i l f f  c, d i f f e r e n t  d

hi =1 bl
[>! . j ,  cL 
^  C!

bo e l  d l  
“0 e l  ‘V % '0 do

9 . 2 3 I 8 .h 2 ,2h .6 6
s.’xne o , s in e  c .  d i f f  d ^  >*1 •  “1 ^  5l ■Vj 2 3 , 9 6 , 27.60 ,36.30

j~vne t ,  some b y d i f f  c ,  sene d 
l in e  "\t sane  0 , d i f f  c» dL ff tl 1 7 . 8 2 36.16 h i.22
+\- s
i r f  
J i f f  
la  ‘ 9
. / i f f
. i f :

J m e  
J i f f  
■ h,ff
J a n e
i / i f f

11 d i f f  6,  
S f t ie  b (

i , M iff  b , 
■i, d i f f  b» 
\ t s a n e  b ,  
a , d i f f  b p 
a > d i f f  l., 
a, sane b , 
a , d i f f  b , 

d i f f  b, 
a , sane b, 
a . d i f f  b ,

sa.v*
s a >
s a n e
d i f f
d i f f
d i f f
s a n e
e a r *
earn*
d i f f
d L ff
d i f f

c ,  s a n e  d 
c ,  s a n e  d 
c ,  sane d 
c ,  s a n e  d 
c ,  s a n e  d 
c 1 s a n e  d  
c ,  d i f f  d 
t ,  d i f f  d 
c ,  d i f f  d 
c y d i f f  d 
e ,  d i f f  d 
c ,  d i f f  d

*1

bl
dl
S1dl

S1d !

el 
<T. 
dl 
C1 
*1 
'1 
°1 
a  n®i di C1 ^ 
n  di

al ^  
0̂ bi 

il0 kl al bo 
*0 b\ "0 bg 
■■>1

■ "0 H
•o bo 
al  bn 
*0 ^*0 bQ

c i  d i

°1 dl
c i  d i
do rJi

°o ?o 
'0  do
co 4j

/ e{ 3 S ( / -1 )E c /  ( ^ J -D E b /

16.98 31.90 ih2.67
 ̂factors «veraj*d at ainele leeelej the others over ell levela.

1 , 1 6 8 . 1 7  7 3 7 . 6 8  *»d $ 3 h . 2 3  r e s p e c t iv e ly  * e r r o r  ( r e a ld u a l)
en*Vyeee> reep e c ttv e ly ^  r  z 6 ■ r e p l ic a t io n * ]  a  z 3 a le v e la  o f  f a c t o r  A; b m 3 ■ le v e l#  o f  f a c to r  Ujy ^  
t o r  U; /3  ” 2 » le v e l*  o f  f e e tg r  C* » 2  •  le v e le  o f  f a c to r  D»

in  w h o le -u n it , • u b - u r a t , and 9«b-s'iL>-untt
s  9 * l e v e l s  o f f a c t o r  A x  Level* o f fne-

l i»6



APPENDIX TABLE 38
The w eight, pounds per p lan t, o f two p lan t taxa, C (C. 'Arlora' and C. 'Chris Columbus'), on three dates, 
D (Nov. 3, 195>9> May 2, 1?60, and July 8, I960), due to fa c to r ia l  treatments o f three le v e ls  o f mulch,
A (none, woodshavings, and woodchips) and three le v e ls  o f f e r t i l i s e r .  B (0 , 1 , and 2 3b. o f nitrogen from

calcium n itra te  per 1000 square feet).-*-**

C u ltu ra l tre a tm en t 
A /  B

C h ry sa n th e m u m  'C h r i s  C o lu m b u s , c* lc1 Sc2 )/2C h r y s a n th e m ja  ' A r l c r v ,

M u lc h , 
A

F i r t l l l u r  i

,  d Wl / dj / djj/3
*T£dT

ii-JP -S * , d r-b bo, d3[1-30*51, ^ 7’5 '6 «  , d 3 d ^ /  d j /  CI3 J/3 y .0 -6 0  , d3

C# CaJf0 3 , ^ 2 .7 7
1/  C4NO3,  02

2#  C aN 03 , b3 2 . 60— 1.66__ *2$_ _2.62__„2 .07-
0*1 / ̂ 2 / **3̂

3* CaNOj, b j

I f  C&HO3 , b j S3 2.32
abedw oodshavings, 

•2
CatfOj, b .

( b l /  ^2  r

1JU7— abed
Of CaNOj, 7 L 1 . 7 2
1# CiMOj, b j

Woodchlna, abed
2# CaSOj, b .

(b^bj/b^

0# CaNOj, 1.11
1.26-112 .39 
1*32

1*08 2.62I f  C4NO3 , b j

U \ f »5* *3 /3 l.SJi— U l _ „  2.1*6____ 1.2h2* CaMQj, b3

(bA / bj / b3)/3

* f o p o r : c r i p t s  i n d i c a t e  w h ic h  f a c t o r *  a r e  a v e r a g e d  a t  a s i n g l e  l e v e l ;  e t h e r  f a c t o r s  t e l n g  a v e r a g e d  o v e r  *11 l e v e l s .
^ Z a c n  v a lu e  i s  * rr^an  o f  s i x  r e p l i c a t i o n s  m u l t i p l i e d  b y  t h e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r  n o t  sh o w n  a s  a  s u p e r r c r l p t ,  e .  3. a v a lu e  w i t h  a b n p e r s c r i p t  o f  Ha c "  i s  ■ ne& n o f  51* o b s e r v a t i o n *  (6 r e p l i 

c a t i o n s  x  3 l e v e l s  o f  f a c t o r  B x 3 l e v e l s  o f  f a c t o r  D ) .



APPENDIX TABLE 39
Standard E rro r of D ifferences (Sjj) and L east S ig n if ic a n t D ifferences (LSD)

________________fo r  the data of Appendix Table 38*
11**1 D if fe re n c e  between* H s i iu r td  a«i

■l
sg Model*

b

33

.  0.660

■ 05

■17 .23
different t *»0 .0?^0 *1L .2'
D if fe re n t o

D if fe re n t d -  *0

H^Eh7 r # r
/ ? 2 c / r >

■ 0 6 6 7 03-
* 0 5 6 1 i l l .

* i a .

.15 -
a ,  d i f f e r e n t  b 

i i f f o r e n t  a ,  save  b 
J i f / 'o r e n t  a ,  d i f f e r e n t  b

*1 b Y 
a-* bi 
i{  bx

*1 '‘O 
au
*0 ho . 1 1 : 6 0 .6 0 J i . O

l in e  if d i f f e r e n t  c c i *1 »0 fab/'r f b
.n .fi'ererst a ,  same c 
D if t 'e ren t d i f f e r e n t  e

»1 Cl 
a l  C1

"t> ®1 
i U °0

a i$6_ . 7 6

. 1 1 6 2 i 2 i i

6 6

l in e  6 f d i f f e r e n t  d ‘ l  Oo 6 s , / r b >13 7k | 2 L 36
A f f e r e n t  a ,  sante d 
■ A fforent i ( d i f f e r e n t  d

rii
» i  di

- *o dl
-  *Q dy .I29 .U .26

Sane b , d i f f e r e n t  e '  **1 °0 ^ T r T T .1166 * 2 3 _ . > 3 - 1 -
A ffe re n t b ,  earn* c 

D if fe re n t b , d i f f e r e n t  o £ 01b!. °1 / ? [ ( / * - J ) ! b /  E j / r  //»  I
. 1 1 6 2 -*2h .3 2 ...

* 3 k
la -e  l>, d i f f e r e n t  d b i dj '  *>1 ^ *1331l £L
D iffe re n t b , same d 
A f fe re n t  b» d i f f e r e n t  d

b l d l
b l d!

ho dl 
ho ho - i ) E c / E . ] / r  ar> jJ22k. .26 J k

Jane c , d i f f e r e n t  d -  Cl do /2E c/ r .2 3 6 0 A3L
d i f f e r e n t  e ,  sane  d 
D iffe re n t e ,  d i f f e r e n t  d do / e [ ( f - l ) E c / E b ] / r A I ' .1037 .2 1 > 2 i
im e a ,  eane b ,  d i f f e r e n t  e &3jT~r

. 2 0 6 3 ■ i iO *5k
1 , to d i f f e r e n t  b , sane  e 
A f f e r e n t  a ,  s a n e  b ,  same a 
A f f e r e n t  a ,  d i f f e r e n t  b ,  same e 
j.6 'o  i ,  d i f f e r e n t  b ,  d i f f e r e n t  e 
D ifi'c ro n t ftj saoe  b , d i f f e r e n t  c 
A f f e r e n t  a ,  d i f f  b , d i f f e r e n t  c

* i  *>1 * i
*1 h i  *1
*1 h i ®1 
*1 h i «1 *1 hi «1
»1 h i « i

*1 ho » i 
a<) b i  o i
•O ho °1 
a l  ho o0 
•0  h i  *0 
■<1 bo cq

-1)Eb/Ej/rW

7 ^ / r /

.201,8 ■ I I I jSS-
Jane a , b , d i f f e r e n t  d a i  bl  dL -  *1 h  ^

J 6 3 3 - * 3 3 - mllh
■line Oj d l i 'i  e r e n t  b # same d
D if fe re n t a ,  s an e  l>, same d
Lh.i'1'erent a ,  d i f f e r e n t  b # same d 
Jams i ,  d i f f e r e n t  U, d l f i e r a n t  d 
L h i 'ie ren t a> san e  ot d i f f e r e n t  d
D ii 'ie re n t a ,  d i f f  ut d i f f e r e n t  d

*6 b- 2 111 > £
41 ^  *1 h i dl
*1 h i dl
*1 ^  dl

*1 V  
*U h .

-  “o  “o dl- *1 bu hu
'  “0 bl **0- *o bo
- U1 C1 ^ o 2 2 L l *L5- XQ

Jane a , same e ,  d i f i e r e n t  d .137li .2 7 * 3 6 .
la-Tie a ,  d i f f e r e n t  c ,  same d 
>ame d i f f  c ,  d i f f e r e n t  d

h  ° i  d i  
*1 Ei  *1

*1
ftl .1 7 9 6 .3 6 .1*8

iAi'1's r e n t  a ,  same c f sane d
L h ffe re n t a ,  sAme c , d i f f e r e n t  d
^A ffe ren t e t d i f f  e ,  d i f f e r e n t  d

n  n  * i 
*1 ®1 <>1
»1 ®i d i

00 01 di 
M  ci ^  *0 ^ do fc\0 (/'-1)EC/' {/> -DEt/E /̂rfif\>

> l g 3 0 j i 3 1 _ J O .
Jams b> same ct d i f f e r e n t  d / ’Ec/ r .137b £L 3k.
Jane b , d i f f e r e n t  c ,  eane d 
j i n  b t d i f f  c ,  d i f f e r e n t  d h  “i  J .b l Oj d i h  di  

“1 °o do ll796. .3 6 i M .
iJ i i f c r e n t  b t san e  e ,  sans d
A f . e r e n t  same c, d i f f e r e n t  d
Lhffftren t bj d i f f  Cj d i f f e r e n t  d

h i =1 d l ho e l  d l
Ci $  to  00 ho

. > 1 6 3 0 - * 2 1 - * 1 6 L

>ine i | same o , sane  c t d i f f  d 41 H  di  -  « i b i e i  du
. 2 _ 3 8 0 AlL * 6 2 _

j \n e  same l>, d i f f  e ,  M m  d
j-iM  same Lt d i f f  « ,  d i f f  d *1 ^  n  d i

*1 h ,  « ! d i
• J  f l * S  J l  H ^ “0 d0 |6(V-l)E0/*g/r,'

l3 H 1 .6 2 i 6 2 _
>6-e ij
i f f
A rr  i, 
J a ie  a ,
A f i  i i
> lff a , 

j i n e  a , 
J i f f  a # 
'fLff a F 
jams i j  
J i f f  o , 
A ff  a .

d i f f  b, 
same b« 
d i f f  b , 
d i f f  b , 
same b , 
d i f f  b , 
d i f f  U, 
san e  b , 
d i f f  b , 
d i f f  b, 
same b , 
d i f f  b ,

ia n s  c , 
sane  c„ 
same c ,
d i f f  0 , 
d i f f  c ,  
d i f f  o, 
e&te c, 
eane c t
M M  C,
d i f f  C, 
d i f f  e , 
d i f f  Ci

same d 
same d 
edne d 
same d 
same d 
same d 
d i f f  d 
d i f f  d 
d i f f  a 
d i f f  d 
d i f f  d 
d i f f  d

n  *0
«0 hi “O ho al ho

ill - »o ho

e i  d i 
e i d j 
c i  d! 
=0 ^  
=0 dl  
=0 dl  
®1 1*0 
°1 Jo °1 llo 
°o Jo 
c0 doOo d(j ■ 2 6 5 1  1 . 5 3  I . 7 1

 ̂Fiet«ri avvdfed at aingle lerelf) the others oeer all lefeli.
I , ,  i*,, «nd Sc ■ .2625 '  , 2ii06  • and .1700 r « ^ w t l « l o r  * . r r o r  ( r t . l d u . 1 )  In  s u b - u n i t ,  and s u b - s u b u n i t

. . .  _ . . . .  _ .  . ----- --- , — . .  * - ■ — fh- ^  * <y x l e e e l s  o f  f a c t o r  k x le v e ls  o f  f i c -a m ly a « i f r e e p e c t i e e iy ;  r  -  6 » r e p l ie a t io n s )  a  s  J •  le v e l s  o f  f a c to r  i [  U » J  * l e v e l s  o f  f a c to r  Gi Q{ 
t o r  U; / 3  - 2 • je v e le  o f  f a c t o r  C; ^  ■ j  ■ l e v e l s  o f  f a c t o r  1)
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APPENDIX TABLE UO
W eigh t/s ize  r a t io  fo r  two p la n t taxa , C (Chrysanthemum 'A rlora' and 
Chrysanthemum 'Chris Columbus'), on two d a te s , D (May 2 and July 2 , 
i 96 0 ) ,  due to  fa c to r ia l  treatm ents o f  three le v e ls  o f  mulch, A (none, 
woodshavings, and woodchips), and three l e v e l s  o f f e r t i l i z e r ,  B (0 ,

1 , and 2 l b .  o f  calcium  n itr a te  per 1000 sq . f t * )

C ultural treatm ent, 
A -  B

Plant taxa, C
Chrys anthemum 

'Arlora'
C hrysan t  hemum 
'C hris Columbus C1

Mulch, A F e r t i l iz e r ,
B

Sampling date'» D Sampling date > D
5/ 2/ 60,

*1

7 /2 /6 0 ,

*2
D if fe r 
e n t ia l

et

5/ 2/ 60, 7 /2 /6 0 ,
*2

D iffe r 
e n t ia ler/°

0;# CaNO ,̂ bx 1.69 2.59 53 1.56 2.02 29
1$ CaN03, b 2 1.63 3.81* 136 1.18 2.12 80

None, 2# CaN03, b 3 1 .81 3.36 86 1 .36 2 .11 55
al ( b ^ + b ^ 1.71 3 .21 33 1.37 2.09 67

O# CaN03, bx 1.93 2 .51 30 1.53 2.13 39
Wood 1# CaN0i>, b9 1.66 2.22 3U 1.U9 2.67 79

shavings, J *  £

2# CaN03, b3 1*57 2.36 50 1.37 2 .31 69
a2 (b 1-tb2tb3 ) /3 1.69 2.36 UO 1.U6 2.37 62

0# CaN03, b1 1.63 2.98 82 1.39 1.99 U3
Woodchipsj 3# CaN03, b 2 1.70 3.67 116 1 .50 2.26 51

a 3 2# CaN03 , b3 2.02 3.17 57 1.U8 2.39 61
(b1+b24b3 ) /3 1.78 3 .27 8U 1.1)6 2.23 53

0# CaN03 , b 1 1.75 2.36 35 1.52 2.0b 3U
(a  fa  -»a ) 3# CaN03 , b 2 1.66 3.2U 95 1.26 2 .31 83_L C  2

2# CaN03 , b^ 1.80 2.96 6U 1.39 2.26 63
J

(b 1tb 2+b3 )/3 1.73 2 .96 71 1.38 2 .21 60

1U9



APPEi'JDIX TABLE h i
Weight, grains per plant sample, o f roots o f two p lan t taxa, G ( Feljoa sellow iana and Ligustrum japonicum) 
a t  three depths, D (1 -3 , 3-6, and 6-9 in ch es), due to fa c to r ia l  treatments o f three le v e ls  o f mulch, A 
(none, woodshavings, and woodchips) and three le v e ls  of f e r t i l i z e r ,  B (0 , 1 , and 2 lb .  o f nitrogen from

calcium n itr a te  per 1000 sq . ft .) l* ^ > 3

C u ltu ra l t r e * V « n tA / 8 ? • 1 J o • m 11 o « 1 » n I, L i g u a t r u a  l a p o n i c u m ,  Cj

M u lc h ,
A

F e r t l l i t e r ,
B

S a n p l  i n  g depth, S a m  p l l n g  d ^ p t ' h  • Q

d?

C# CaMOj, ^
abed

(d̂ / d2 /

1# CaNOj, b j
ab e d

■60____ .38____ , h l

N o n a ,

■l

.30^

. 33* I .63 j .86

• b e

1’ *̂, dx
a b e d ’

d £ 7 - 2 1 - 6 1 ,  d 3

a b e d

_ibqd “aESJ"*66
* C3M0> b .38 .66 .66___ .66

at*

._ 0 2 j

.77
abed • s i w - i o i

abed
(dj/ dj/ dj)/3
“  a\xi

(Cj/cp/2 C V W 3

> -3*. dj 
ITo"

a -fc-, d? d ,

1C? ic d  ~
_.q l

abed' .31. i l id .
a b e d

.87
a b c

^26_
acd

.31

.21

»sr ^zz.
.70.

_.a6_
^ 66_

- J 6 .

al ‘
ab d

-.U6 J .71-----------------.U6
ad

-J 6 -

(bj/ bj/ bjlft

Wood shaving*, 

•2

« CatfOj, b3 
y/ CaNOj, b j

2# CtNOj,

_.36____*6H___M l
a b e d  a t

.38 .61i___ J3&
• b e d

l.Oh
66____2 .I16

abed
.66

ab d
168-

ab

iWd

__
abeda b e d

_JL.66 i* ia .Of C a S O j, b x

I f  CaNOi, b j
WoodchlDi,

2 * CaWj,

Ct»i/ bj /
JJi

T c f  ’
>66 , .67

OICHO,, bj ,h2 .3ll-------------- -W— , S3 “~
» C-‘;I03- _^|i_ .62 .R2

U j / a j ^ a j V ?  J - Ca , ' i Oj , b j

0>i / bj / bjV5

>63
-^3 ■ ,62  ^  

— Scat

_,6L

_-5Ji ..Li67_ >6i_

.63 I 1UQ1 J_l*62
be 1

.39 .89 1 .31 .
>̂c3 ’_1 .66 jl .110_____ .33 1 .08__1.06_____ 1,01

b e d  b e  b o  bd  bd

.88___
_,63
.61

.67 l . l i l“Sc?

_1*P3_
l , 0lL

>86 .

, 62_  ̂ 29.
cd c d

bed

JUQZ__
bed

1.13. 1.03
cd

b e

be

.61>6K
, 66. Uj 1.01 H .76

b d
_2 L0_
_*3l_

.61 O Ot? > y .20 i83_

.61 .71 1 . 3b 1 .06 11.03__  ..06I' ,96
1 f u p c r s c r i p t a  i n d i c a t e  v h i  
^ E ac h  v a lu e  i a  » mean o f

b i c h  f a c t o r s  a r c  a v e r a g e d  a t  a  s i n g l e  l e v e l ;  o t h e r  f a c t o r *  b e i n g  a v e r a g e d  o v e r  a l l  l e v e l s ,  
s i x  r e p l _ c a t i o n a  . - u l t i p l l e d  by  th e  r e s p e c t i v e  l e v e l  o f  e a c h  f a c t o r  n o t  sh o w n  a s  a s u p e r s c r i p t ,  e .  a v a lu e  w i t h  a s u p e r s c r i p t  o f  * a c *  i s  a c e a n  o f  f b  o b s e r v a t i o n s  (6 r e p l i *  

c a t i o n s  * 3 l e v e l s  o f  f a c t o r  B *  3 I m b I s  o f  f a c t o r  D ) .

^Replications averaged—no s t a t i s t i c a l  an a lysis made.



APPENDIX TABLE hZ

R elation of p la n t weight of the May 3» I960, h a rv est to  f o l i a r  comnosi-
tio n  of the May 2, I960, sampling o f the Chrysanthemum 1A rlo ra*1

Treatment^ and Composition in leavps (firy m atter b a s is )
S t a t i s t i c a l  index V.Tg t . N P K Na Ca Kg rn

Gm. % r'/J C? % Cr/ /3 w PPM.

Mulch, none 2.98 U.02 .291 3 .76 .010 .32$ .272 119

Mulch, KS .52 2.63 .266 3 .77 .013 .290 .163 h3

Mulch, HC .9h 3.03 .28h 3.71 .013 .270 .132 h.2

F value •R* N.S. N .S . -K-K- :;-r- N .S.

Ca”03 , 0# 1*U7 3 .2 1 .283 3-33 .012 .293 .196 1*5

CaN03, 1# l.i;3 3.19 .276 3 .61 .010 .303 .200 h$

CaN03 , 2# 1.5U 3 .3 1 .282 3 .80 .013 .288 .191 his

F value N .S . N .S . N .S. N .S. N .S . N.S. N .S . N .S.

L .S .D .3 g  .09 .27 .21 .016 .27 .006 .026 .025 7

L .S .D .3 @ .01 .38 .28 .021 .33 .003 .031; .032 9

 ̂ Each value other than the L. S .D .'!3, i s  a mean o f 18 observa-
t io n s  obtained from p lan ts in  the resp ec tiv e  treatm en ts. (Mulch values  
are averages o f  3 f e r t i l i z e r  le v e ls  in  6 r e p lic a t io n s ;  f e r t i l i z e r  values  
are averages o f  3 mulch le v e ls  in  6 r e p lic a t io n s .)

Each treatm ent was a s in g le  a p p lic a tio n , the mulches being  
a cp lied  on June 22-26, 1939* and the CaNO-j f e r t i l i z e r  on September 8 ,
1959 •

3 L .S .D isa t .05 and .01 in d ica te  the le a s t  d iffe rences fo r  s ig 
n ificance  between any two values w ith odds of 1 9 : 1  and 9 9 : 1 , respec
t iv e ly .
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APPENDIX TABLE 1*3

R elation of p la n t weight of the July  8 , I960 harvest to f o l i a r  composi
tio n  of the July 2, I960, sampling of the Chrysanthemum ’A rlora1 . 3-

T reatm ent^  and 
S t a t i s t i c a l  in d e x Vigt.

Com position in le a v e s  (d ry  m a t te r  b a s is )
N P K Na Ca Mg Mn

Gm. % % % % % % PPM.

M ulch, none 1.82 U.3U .301 5.03 .050 .521* .323 53

M ulch, VJS 1.1+7 In 01 .318 1+.68 .052 .392 .211* 53

M ulch, WC 2.08 1*.39 .333 5.01 .01*7 .1*05 .230 51

F value ■&* in* N .S . irli - J H r N.S.

CaNO-,, 0if > 1.63 3.87 .325 In 70 .051 .1*39 .21*1 1+6

CaM03 , I S 2 .16 1+ -30 .315 1+.97 .01*8 .1+1*3 .263 53

CaNO^, 2S 1.58 li-57 .315 5.ol* .01*9 .1+39 .267 57

F v a lu e N .S . " i f v N.S. N.S. *■ •JH+

L .S .D .3 © .05 .27 .21 .016 .27 .006 .030 .025 7

L .S .D .3 © .01 .36 .28 .021 .35 .008 .01*0 .032 9

Each value o th e r th an th e  L .S .D .1! i s  a mean o f  18 o b se rv a -
t io n s  obtained from p lan ts in  the resp ective  treatm ents. (Mulch values  
are averages o f  3 f e r t i l i z e r  le v e ls  in  6 r e p lic a tio n s;  f e r t i l i z e r  values  
are averages o f 3 mulch le v e ls  in  6 r e p lic a t io n s .)

2
Each treatment was a s in g le  a p p lic a tio n , the mulches being 

ap olied  on June 22-26, 1959, and the CaNDo f e r t i l i z e r  on September 8, 
1959.

L .S .D ^a t .09 and .01 ind ica te  the le a s t  d ifferences for s ig 
n ificance between any two values w ith odds of 19:1 and 9 9 :1 >
resp ec tiv e ly . *
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APPENDIX TABLE liU

R elation  of p la n t weight of the May 3, I960* harvest to  f o l ia r  composi
tion  of the May 2, i 9 6 0  sampling of the Chrysanthemum ’Chris Columbus' . 1

o
Treatment and Composition in lea v es  (dry m atter b a s is )
S t a t i s t i c a l  index VI3t . N P K Na Ca Kg Mn

Gm. % cf
fv % %

e*/» PPM.

Mulch, none 2 .33 3.1U .223 2.58 .010 .300 .221 U8

Mulch, WS .55 2.67 .257 2.07 .010 .298 .172 1*0

Mulch, WC .58 3 .00 .289 2.39 . 0 1 1 .278 .163 39

F value ■tt* **■ ■H* ** N.S. N .S. ** N .S .

CaNO ,̂ Q/f- 1.27 2 .96 .259 2.3U .010 .297 .186 1*2

CaNOy 1^ 1.08 2 .90 .257 2.27 .010 .297 .190 h i

CaW03, 2j i 1 .11 2 .9 5 .255 2 .13 . 0 1 1 .283 .181 hh

F value N.S. N.S. N .S. N.S. N.S. N .S. N .S. N .S .

L .S .D .3 e .05 .27 .21 .016 . 2? .006 .026 .025 7

L. S . D.3 G .01 .38 .23 .021 .35 .008 .03U .032 9

1 Each value other than the L. S .D .'ts, i s  a mean o f 13 <ib se rv e -
t io n s  obtained from p lan ts in  the resp ec tiv e  treatm en ts. (Mulch values 
are averages o f 3 f e r t i l i z e r  le v e ls  in  6 r e p lic a t io n s ;  f e r t i l i z e r  values 
are averages o f  3 mulch le v e ls  in  6 r e p lic a t io n s .)

Each treatm ent was a s in g le  a p p lic a t io n  the mulches being  
ap p lied  on June 22 -26 , 1959, and the CaNÔ  f e r t i l i z e r  on September 8 ,  
1959. ^

 ̂ L .S.D^sat .03 and .01  in d ic a te  the l e a s t  d iffe r e n c e s  fo r  s ig 
n if ic a n c e  between any two values w ith  odds o f 19:1 and 99 : 1 ,  
r esp ec tiv e ly *

*
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APPENDIX TABLE 1+5

d e la tio n  of p la n t weight of the July  8 , I960, harvest to f o l ia r  composi
tio n  of the Ju ly  2, I960, sampling o f Chrysanthemum 'C hris Columbus'*^-

Treatm ent^ and 
S t a t i s t i c a l  index

Com position in  le a v e s  (d ry  m a tte r  b a s is )

Wgt. N P K Na Ca Mg Mh
Gm. % % % % % /O PPM.

M ulch, none 2.78 3.72 .318 1+.50 .039 .508 .31+3 67

M ulch, VJS 2.26 3 .6 8 .365 1+.29 .036

COC
Oft .21+7 66

M ulch, WC 1.96 3 .89 .389 1+.65 .033 .382 .276 62

F v a lu e ■a- ■tHt N .S . * * N.S.

CaNO-j, 0# 1.92 3.1+1 .259 1+.27 . 01+2 . 1+1+1+ .276 58

CaM03 , 1# 2.62 3 .75 .257 i+,1+9 .033 .1+07 .273 62

CaN03, 2# 2 . 1+6 1+.13 .255 1+.68 .032 .1+27 .291 75

F v a lu e * * N.S. ■JH+ ■5HJ- N .S . * *

L .S .D . 3 ©  .05 .27 .2 1 .016 .27 .006 .026 .025 7

L .S .D . 3 © .01 .38 .28 .021 .35 .008 .031+ .032 9

1 Each value o th e r than th e  L,>S.D.'  £;, i s  a mean o f  18 o b se rv a -
t io n s  o b ta in e d  from  p la n ts  in  th e  r e s p e c t iv e  tre a tm e n ts . (Mulch v a lu e s  
a re  averages o f  3 f e r t i l i z e r  le v e ls  i n  6 r e p l i c a t io n s ;  f e r t i l i z e r  v a lu es  
a re  averages o f  3 mulch le v e ls  in  6 r e p l i c a t i o n s . )

2
Each tre a tm e n t was a  s in g le  a p p l ic a t io n ,  th e  m ulches be ing  

a p p lie d  on June 22-26 , 1959, *nd the  CaN03 f e r t i l i z e r  on Septem ber 8 ,  
1959.

3  L.S.D .9 a t  .05 and .01 in d ica te  the le a s t  d iffe ren ces fo r  s ig 
n ifican ce  between any two values w ith odds of 19:1 and 9 9 : 1 ,
re sp e c tiv e ly .
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APPENDIX TABLE 1*6

R e la tio n  o f the a g g reg a te  I960 l i n e a r  shoo t growth to  f o l i a r  composi
t io n  o f the  O c t. 9, I9 6 0 , sam pling o f  th e  F e i jo a .

T reatm ent^ -St
S t a t i s t i c a l
index

A ggregate
Length

Com position in  le a v e s  (d ry  m a tte r  b a s is )
N P K Na Ca Mg Mn

cm. % % % % % % PPM.

Mulch, none 515.83 1.98 .168 . 6U .039 1 .0 8 .36 73

Mulch, WS 823.78 1.57 .202 .76 .031 •9li .29 80

Mulch, WC 860.17 1 .88 .181 .75 .030 .98 .28 53

F va lue ■iHS- ■wt N .S . -JH* N .S. ■*Hfr N .S.

CaNO3 , 0# 589.83 1.67 .213 .72

H<*\O• .97 .33 65

CaN03 , 1# 756.28 1.78 .165 .71 .037 1 .01 .29 7U

CaN03, 2# 852.67 1.98 .173 .71

CM0. 1 .0 1 .30 67

F va lue ■JBV N .S. N .S . N.S. N.S.

L .S .D .3 © .05 .11 •OhU .08 .015 .10 .03 33

L .S .D .3 e  .0 1 .15 .059 .11 .020 .13 .ou Uh

1 Each value o th e r than the  L,.S.D.* s ,  i s  a mean o f  18 o’o se rv a -
t io n s  o b ta in ed  from p la n ts  in  th e  re s p e c t iv e  t r e a tm e n ts .  (Mulch v a lu e s  
a re  averages o f 3 f e r t i l i z e r  le v e ls  in  6 r e p l i c a t io n s ;  f e r t i l i z e r  va lues 
a re  averages of 3 mulch le v e ls  in  6 r e p l i c a t io n s . )

Each tre a tm e n t was a s in g le  a p p lic a t io n ,  th e  m ulches being  
a p p lie d  on June 22-26 , 1959, and th e  CaNOo f e r t i l i z e r  on Septem ber 8, 
1959.

3 L .S.D .'5 a t  .05  and .01  in d ic a te  th e  l e a s t  d i f f e re n c e s  f o r  s ig 
n if ic a n c e  between any two va lues w ith  odds o f  1 9 :1  and 9 9 :1 , 
r e s p e c t iv e ly .  *

*
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APPENDIX TABUS U?

G en era l change in  the  c o n c e n tra tio n  o f c e r t a in  f o l i a r  n u t r ie n ts  w ith  
d im in ish in g  c o n c e n tra tio n s  o f  f o l i a r  n itro g e n .^ -

P la n t F ac to r^
Sampling

d ate P K
N u tr ie n t

Na
elem ent^ 

Ca Mg Kn

•A rlo ra ' Mulch 5/60 _ 0 0 - — 0
ii ii 7/60 ( - ) - 0 aaa - 0

•C hris Columbus' ii 5/60 ( - ) - 0 0 - 0
n i i 7/60 - 0 - - 0

•A rlo ra ' F e r t i l i z e r 5/60 0 0 0 0 0 0
tr n 7/60 0 - 0 0 - -

'C h r is  Columbus1 i t\ 5/60 0 0 0 0 0 0
i i n 7/60 0 - + - C - ) -

F e ijo a Mulch 10/60 <* > + 0 _ 0
n i i 6 /61 ( + ) + 0 0 - -
u it 7/61 + +■ 0 - — 0

Ligustrum i i 10/60 ( + ) + - ( - ) ( - > +
i i n 6/61 ( + ) 0 - - 0
n i i 7/61 + + 0 - — 0

F e ijo a F e r t i l i z e r 10/60 + 0 0 0 mm 0
i t n 6 /61 0 + 0 0 0 0
n i i 7/61 0 0 0 0 0 0

L igustrum ti 10/60 0 + 0 - - -
It n 6/61 0 0 0 _ 0

n 7/61 + + 0 0 — 0

1 In c re a se  in  f o l i a r  c o n c e n tra tio n  o f a n u t r i e n t  e lem ent in d i 
c a te d  by +; d ecrease  by  no change by 0 .  Symbols i n  p a ra n th e s is  in 
d ic a te  tre n d s  r a t h e r  th an  s ig n i f i c a n t  ch an g es,

2
T reatm ent f a c to r  f o r  which a l l  th re e  l e v e ls  a re  com pared,

3 D ire c tio n  o f  n u t r i e n t  elem ent change determ ined  from  d a ta  o f  
th e  r e s p e c t iv e  m aste r two-way ta b le s  o f  th e  Appendix:,

*
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