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This  s tudy  was i n i t i a t e d  t o  determine i f  herba- 

ceous ornamentals would have d i f f e r e n c e s  i n  growth when 

f e r t i l i z e d  w i t h  commercially a v a i l a b l e  organic  f e r t i l i z e r s  

and commercially a v a i l a b l e  inorganic  f e r t i l i z e r s  app l i ed  

a t  l a b e l  rates and a t  equal  n i t r o g e n  r a t e s .  Four compar- 

i sons  were made: (I.) commercially a v a i l a b l e  organic  f e r t i -  

l i z e r  a t  l a b e l  r a t e - - n u t r i e n t  s o l u t i o n  a t  equal  a n a l y s i s  

and r a t e ,  (2)  commercially a v a i l a b l e  organic  f e r t i l i z e r  a t  

l a b e l  rate--commercially a v a i l a b l e  ino rgan ic  f e r t i l i z e r  a t  

l a b e l  r a t e ,  ( 3 )  comqercial ly  a v a i l a b l e  organic  f e r t i l i z e r  

a t  285 mg n i t r o g e n  pe r  month--commercially a v a i l a b l e  ino r -  

g a n i c  f e r t i l i z e r  a t  285 mg of  n i t r o g e n  per  month, and ( 4 )  a 

comparison of commercially a v a i l a b l e  organic  f e r t i l i z e r  

app l i ed  a t  l a b e l  r a t e  t o  a s o i l  mix and t o  a s o i l l e s s  mix. 

The s tudy  was conducted a t  Longwood Gardens' exper- 

imenta l  greenhouses and a t  t h e  Un ive r s i ty  o f  Delaware from 

January t o  A p r i l  1976.  The p l a n t s  s t u d i e d  w e r e  Coleus 

'Glory o f  Luxembourg', and geranium, Pelargonium X 

v i i  



v i i i  

hortorum 'Cher ie '  . F e r t i l i z e r s  s tud ied  were cow manure 

(2-1-2), f i s h  emulsion (5-1-1), a mixture  of organic  f e r t i -  

l i z e r s  (4-5-2),  a d ry  chemical f e r t i l i z e r  (8-8-8), a l i q u i d  

chemical f e r t i l i ze r  (15-30-15) , and a slow r e l e a s e  fe r t i -  

l i z e r  (12-6-6) .  

Commercially a v a i l a b l e  ino rgan ic  f e r t i l i z e r s  

app l i ed  a s  d i r e c t e d  on t h e  l a b e l  were found t o  produce 

p l a n t s  w i th  more vigorous growth, more a t t r a c t i v e  appear- 

ance and g r e a t e r  dry  weights  than commercially a v a i l a b l e  

o rgan ic  f e r t i l i z e r s  app l i ed  as d i r e c t e d .  

f e r t i l i z e r s  a l s o  produced more growth when t h e  f e r t i l i z e r  

l a b e l  r a t e s  w e r e  i nc reased  t o  equal  n i t rogen  l e v e l s .  

The inorganic  

The inorganic  f e r t i l i z e r s  seemed t o  have a n a l y s i s  

r a t i o s  t h a t  w e r e  b e t t e r  s u i t e d  f o r  promoting abundant 

p l a n t  growth. 

bo th  o rgan ic  and ino rgan ic  f e r t i l i z e r s  r e s u l t e d  i n  

Inc reas ing  t h e  "potted p l an t "  l a b e l  r a t e  of 



INTRODUCTION 

P l a n t s  have been grown i n  c o n t a i n e r s  f o r  thousands 

of  yea r s .  Gothein (1966) exp la ins  t h a t  Queen Hatshepsut 

( ca .  1503-1482 B.C.) had s p e c i a l  wal led p i t s ,  which served 

a s  p l a n t e r s ,  se t  i n t o  t h e  t e r r a c e s  of  her  temple a t  

Dier-el-Bakhari .  R e l i e f s  on t h i s  temple d e p i c t  an Egyptian 

exped i t ion  t o  Punt b r ing ing  back l a r g e  trees placed i n  

round-bottomed c o n t a i n e r s  f o r  t h e  journey.  - 
Queen Hatshepsut ' s  u se  of  c o n t a i n e r s  t o  grow and 

t r a n s p o r t  p l a n t s  i s  t h e  e a r l i e s t  recorded example of p l a n t s  

grown i n  t h i s  manner. However, t h e  use  o f  c o n t a i n e r s  t o  

grow p l a n t s  f o r  home adornment most l i k e l y  had i t s  begin- 

n ings  i n  t h e  F e s t i v a l  o f  Adonis, which was ce l eb ra t ed  by 

Athenian women (Gothein 1966).  For t h i s  observance ea r then  

p o t s  w e r e  f i l l e d  w i t h  s o i l  and sown w i t h  f enne l ,  l e t t u c e ,  

wheat and b a r l e y .  

around a f i g u r e  of Adonis. 

The p o t s  w e r e  then placed on t h e  roo f  

After germinat ing and growing 

f o r  a s h o r t  t i m e  t h e  p l a n t s  withered and d i e d .  

sen ted  t h e  f a t e  of  a l l  v e g e t a t i o n  and symbolized t h e  e a r l y  

1 

This r e p r e -  
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d e a t h  o f  t h e  youth Adonis. 

"Adonis gardens ,"  a s  they  came t o  be known, had 

begun a s  a p a r t  of a s h o r t  f e s t i v a l  p r a c t i c e d  by Greek wo- 

men. Gradual ly  t h i s  p r a c t i c e  expanded, and i t  even tua l ly  

became a custom over a w i d e  geographica l  a r e a  t o  decora t e  

r o o f s  and ba lcon ie s  w i t h  po t t ed  p l a n t s  and f lowers  through- 

ou t  t h e  e n t i r e  yea r .  

Rome and Assyria were referred t o  a s  being p l aces  

where po t t ed  p l a n t s  were set  on t h e  r o o f s  of  p i l l a r e d  

c o u r t s  f o r  decora t ion .  When Appolonius of Tyana v i s i t e d  

t h e  P a l a t i n e  he found t h e  emperor i n  t h e  c o u r t  o f  Adonis. 

"This c o u r t  was adorned wi th  f lowers  j u s t  as t h e  Assyrians 

p l a n t  them on t h e  r o o f s  i n  honour o f  Adonis" (Gothein 

1966).  

gardens.  Here a l s o  c o n t a i n e r s  were used,  "so t h a t  t a l l  

p l a n t s  could grow t h e r e ,  f lowers ,  shrubs ,  v i n e s  and even 

trees" (Gothein 1966).  

I n  Pompeii excavat ions  uncovered remains of  balcony 

Conta iners ,  whether used f o r  r e l i g i o u s  observances,  

household adornment o r  propagat ion (Thompson 19631, have 

had an i n t e g r a l  p a r t  i n  t h e  h i s t o r y  of man's a s s o c i a t i o n  

wi th  p l a n t s .  Gardening i n  c o n t a i n e r s  i s  becoming 
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i n c r e a s i n g l y  popular today. Garden design and c o l o r  ef- 

fects can be  v a r i e d  s i n c e  p l a n t s  i n  c o n t a i n e r s  a r e  very  

mobile. Containers  a l low f o r  t h e  a d d i t i o n  o f  p l a n t  forms 

and c o l o r  t o  r o o f s ,  w a l l s ,  windowsi l ls  and ba lcon ie s .  And 

probably most impor tan t ,  c o n t a i n e r  gardening minimizes t h e  

problems a s s o c i a t e d  w i t h  l a c k  of  space.  Conta iners ,  l a r g e  

o r  smal l ,  square  o r  round, indoors  o r  outdoors ,  a l low those  

who enjoy green f o l i a g e  and co lored  blossoms t h e  opportu- 

n i t y  t o  grow p l a n t s .  

All p l a n t s  need a cont inuous supply of n u t r i e n t s  

f o r  optimum growth. This  i s  e s p e c i a l l y  important  f o r  con- 

t a i n e r  grown p l a n t s  s i n c e  t h e  volume of  t h e  growing medium 

i s  l i m i t e d  and t h e  n u t r i e n t s  a v a i l a b l e  a r e  usually less 

than a r e  r equ i r ed  by t h e  f i n a l  p l a n t .  

P l a n t s  absorb n e a r l y  a l l  of  t h e  major n u t r i e n t s  

t h a t  commonly l i m i t  growth from t h e  s o i l  s o l u t i o n .  This  

supply o f  n u t r i e n t s  i s  leached o u t  w i th  t h e  r e g u l a r  water-  

i n g s  r equ i r ed  by c o n t a i n e r  grown p l a n t s .  Once t h e  n u t r i -  

e n t s  have been leached from t h e  r o o t  zone they  a r e  no 

longer  a v a i l a b l e  t o  t h e  p l a n t  and must be re in t roduced .  

T h i s  i n t r o d u c t i o n  of more n u t r i e n t s  t o  t h e  growth medium 
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and r o o t  zone i s  c a l l e d  f e r t i l i z a t i o n .  

The forms o r  types  of  f e r t i l i z e r s  which a r e  on t h e  

market today f a l l  i n t o  two main groups.  

gan ic  f e r t i l i z e r s ,  c o n s i s t i n g  mainly of p l a n t  o r  animal 

wastes  o r  by-products ,  and (2) i no rgan ic  o r  minera l  fe r t i -  

l i z e r s  , c o n s i s t i n g  of chemicals manufactured by i n d u s t r i a l  

p rocesses  from non-organic sources .  It has been g e n e r a l l y  

be l i eved  t h a t  organic  f e r t i l i z e r s  improve s o i l  s t r u c t u r e  

and a r e  a s lowly a v a i l a b l e  source  of  n u t r i e n t s .  

f e r t i l i z e r s  a r e  thought t o  have n u t r i e n t s  t h a t  a r e  more 

r e a d i l y  a v a i l a b l e  t o  p l a n t s  and t o  be  s u b j e c t  t o  more r a p i d  

l o s s  from t h e  s o i l .  A program u t i l i z i n g  t h e s e  two types o f  

f e r t i l i z e r s  i s  o f t e n  recommended. However, d i f f e r e n c e s  o f  

opinion r ega rd ing  t h e s e  f e r t i l i z e r s  have a r i s e n .  There 

a r e  proponents o f  organic  f e r t i l i z e r s  and proponents of  

These are: (1) o r -  

Inorganic  

ino rgan ic  f e r t i l i z e r s .  A t  t h e  extremes,  proponents of  

each c la im t h e i r  type  t o  be b e t t e r  o r  more a p p r o p r i a t e  

than t h e  o t h e r  type.  

Statements  from t h e  advocates of  organic  f e r t i l i z -  

ers compared t o  those  o f  t h e  advocates of  i no rgan ic  f e r t i -  

l i z e r s  immediately show t h e  d i f f e r e n c e  of opinion between 
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t h e  two. Robert  Rodale, e d i t o r  of Organic Gardening, 

w r i t e s :  . . . s t o p  us ing  a r t i f i c i a l  f e r t i l i z e r s  and p e s t i -  I t  

c i d e s  and u s e  old-fashioned n a t u r a l  methods i n  t h e i r  place' '  

(Organic Gardening 1972).  H e  a l s o  s a y s ,  ". . . use  t h e  

energy of t h e  sun and t h e  f e r t i l i t y  of  t h e  s o i l  . . . with-  

o u t  expec t ing  t h e  a i d  o f  powerful chemicals which cause 

p o l l u t i o n "  (Organic Gardening 1971). I n  response  t o  such 

s ta tements  Robert  L. Carolus wrote  an e d i t o r i a l  i n  

HortScience (1971) : "Organic gardeners  p r a c t i c e  medieval 

alchemy . . . . They show an alarming a n t i - i n t e l l e c t u a l -  

i s m  i n  r e p u d i a t i n g  t h e  f ind ings  r epor t ed  by crop phys io l -  

11 o g i s t s  and s o i l  s c i e n t i s t s  . . . . 

Findings from t h e  experiments t h a t  Carolus he re  

refers t o  a lmost  always show t h a t  ". . . y i e l d s  wi th  min- 

e r a l  f e r t i l i z e r s  have been a s  high o r  h igher  than t h e  

manure p l o t s  when equal  amounts o f  n u t r i e n t s  have been 

a p p l i e d  t o  t h e  s o i l ' '  (Wiggans 1972) .  Peavy and Greig 

(1972) found t h a t  i no rgan ic ,  o r  minera l ,  f e r t i l i ze r s  gave 

inc reased  l e a f  t i s s u e  y i e l d s  of  sp inach  when compared t o  

o r g a n i c a l l y  f e r t i l i z e d  p l a n t s  t h a t  received an equal  

amount of  n u t r i e n t s .  These r e s u l t s  w e r e  c o n t r a r y  t o  



Hinkle  (1925) who r epor t ed  t h a t  farmyard manure g e n e r a l l y  

gave equ iva len t  o r  b e t t e r  y i e l d s  w i t h  o t h e r  crops (Peavy 

and Greig 1972).  

I 

Svec e t  a l .  (1975) e s t a b l i s h e d  smal l  garden p l o t s  

and grew s e v e r a l  vege tab le s  under both  organic  and inorgan- 

i c  f e r t i l i z e r  regimes. Measurements and s t a t i s t i c a l  com- 

pa r i son  of  two seasons '  growth produced r e s u l t s  t h a t  l e d  

t o  t h e  conclusion t h a t  bo th  methods of  f e r t i l i z a t i o n  gave 

crops of  n e a r l y  equal  y i e l d .  The ino rgan ic  f e r t i l i z e r s  

produced s l i g h t l y  g r e a t e r  y i e l d .  

Experimentation us ing  herbaceous h o r t i c u l t u r a l  

crops t o  compare organic  and ino rgan ic  f e r t i l i z e r s  has been 

l i m i t e d .  Work on t h i s  type  o f  c rop  ( C r i l e y  and Carlson 

1970, Johnson 1973, Kofranek 1969, and Tsurushima and 

Date 1971) has c o n s i s t e d  p r i m a r i l y  i n  e s t a b l i s h i n g  s tandard  

and c r i t i c a l  f e r t i l i t y  l e v e l s .  The l e v e l s  i n  t h e s e  works 

a r e  commonly r e f e r r e d  t o  by commercial growers f o r  u se  i n  

t h e i r  f e r t i l i z e r  a p p l i c a t i o n  schedules .  

On t h e  o t h e r  hand, information presented  t o  t h e  

p u b l i c  concerning f e r t i l i z e r s  i s  i n  no way l i m i t e d .  The 

b e n e f i c i a l  effects of  a v a r i e t y  o f  organic  and ino rgan ic  
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f e r t i l i z e r s  are lauded i n  many popular gardening magazines, 

C l a i m s  of "super", 

o f t e n  seen i n  r e fe rence  t o  t h e  e f fec t  of a p a r t i c u l a r  

f e r t i l i z e r .  The r e s u l t  i s  t h a t  t h e  gardening pub l i c ,  aware 

of  t h e  organic- inorganic  argument, o f t e n  purchases fe r t i -  

l i z e r  on t h e  b a s i s  o f  t h e  emotional appea l  of  t h e  adver- 

t i s  emen t. 

11 magic" and "unbelievable" r e s u l t s  a r e  

Th i s  experiment was undertaken i n  response  t o  t h i s  

s i t u a t i o n ,  It i s  an a t tempt  t o  determine i f  t h e r e  a r e  

differences i n  p l a n t  response between s e v e r a l  o rganic  and 

ino rgan ic  f e r t i l i z e r s  app l i ed  a s  recommended by t h e i r  

manufacturer .  The r e s u l t s  a r e  i n t e r p r e t e d  f o r  con ta ine r  

p l a n t s  gro-m outdoors under cond i t ions  of  adequate l i g h t  

and mois ture .  

The s i x  f e r t i l i z e r s  chosen f o r  t h e  experiment were 

selected on t h e  b a s i s  o f  ready a v a i l a b i l i t y  t o  t h e  publ ic .  

All of  these  f e r t i l i z e r s  a r e  popular  among gardeners  and 

commercial growers and can be  obta ined  i n  most garden 

c e n t e r s  (See Appendix). 

Coleus, Coleus blumei,  and geranium, Pelargonium X 

hortorum, w e r e  chosen a s  t h e  t es t  p l a n t s ,  The reason f o r  
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t h e  s e l e c t i o n  of t hese  two p a r t i c u l a r  p l a n t s  i s  t h e i r  

r ap id  growth, easy  c u l t u r e  and popu la r i ty  f o r  use  i n  

con ta ine r s .  Coleus blumei i s  referred t o  by Ba l l  (1972) 

a s  being ". . . one of t h e  most u s e f u l  of a l l  co lored  

f o l i a g e  p l a n t s ,  e s p e c i a l l y  f o r  combination boxes and 

po t s . "  H e  says  t h a t  Pelargonium X hortorum ". . . i s  t h e  

s i x t h  most impor tan t  f lower c rop  i n  t h e  United S t a t e s  

today. I n  many a r e a s  i t  i s  t h e  No. 1 po t  p l an t . "  



The experiment w a s  designed t o  make t h e  fol lowing 

comparisons : 

1. Organic f e r t i l i z e r  a t  l a b e l  r a t e - - n u t r i e n t  s o l u t i o n  a t  

equal  a n a l y s i s  and r a t e  

2 .  Organic f e r t i l i z e r  a t  l a b e l  r a t e - - ino rgan ic  f e r t i l i z e r  

a t  l a b e l  r a t e  

3 .  Organic f e r t i l i z e r  a t  285 mg N pe r  month--inorganic 

f e r t i l i z e r  a t  285 mg W per  month 

4 .  Organic f e r t i l i z e r  a t  l a b e l  r a t e  appl ied  t o  a s o i l  

mix--organic f e r t i l i z e r  a t  l a b e l  r a t e  app l i ed  t o  a 

s o i l l e s s  mix. 

I n  a d d i t i o n  t h e r e  was an optimum f e r t i l i z a t i o n  

t reatment  determined from s tandard  indus t ry  r a t e s .  There 

were a t o t a l  of twenty t rea tments .  These a r e  l i s t e d  i n  

Table  1. Table  2 l i s t s  the  f e r t i l i z e r s ,  t h e i r  analyses  

and the  amount of  n u t r i e n t s  appl ied  i n  each t rea tment .  

9 
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TABLE 1 

TWENTY TREATMENTS I N  THE O R G A N I C  FERTILIZER-- 
I N O R G A N I C  FERTILIZER EXPERIMENT 

F e r t i l i z e r  A n a l y s i s  A p p l i c a t i o n  R a t e  Growth Medium 

O r g a n i c  m i x  

N u t r i e n t  s o l u t i o n  

O r g a n i c  mix  

O r g a n i c  m i x  

Cow m a n u r e  

N u t r i e n t  s o l u t i o n  

Cow m a n u r e  

Cow m a n u r e  

F i s h  e m u l s i o n  

N u t r i e n t  s o l u t i o n  

F i s h  e m u l s i o n  

F i s h  e m u l s i o n  

Dry c h e m i c a l  

Dry c h e G i c a 1  

L i q u i d  c h e m i c a l  

L i q u i d  c h e m i c a l  

S low re lease 

Slow r e l ease  

Optimum 

C o n t r o l  

4-5-2 

4-5-2 

4-5-2 

4-5-2 

2-1-2 

2-1-2 

2-1-2 

2-1-2 

5 - 1 - 1  

5 - 1 - 1  

5 -1 -1  

5 - 1 - 1  

8-8-8 

8-8-8 

15-30-15 

15-30-15 

12-6-6 
12-6-6 
20-20-20 

. . .  

l a b e l  

e q u a l  t o  l a b e l  

285 mg N/month 

l a b e l  

l a b e l  

e q u a l  t o  l a b e l  

285 mg ??/month 

l a b e l  

l a b e l  

e q u a l  t o  l a b e l  

285 mg N/month 

l a b e l  

l a b e l  

285  mg N/month 

l a b e l  

285 mg N/month 

l a b e l  

285 mg N/month 

285 mg N/month 

. . .  

s o i l  mix 

soil. m i x  

s o i l  mix 

soilless m i x  
s o i l  m i x  

s o i l  m i x  

s o i l  m i x  

soilless mix 
s o i l  mix 

s o i l  m i x  
s o i l  mix 

s o i l l e s s  mix  

s o i l  mix 

s o i l  mix 
s o i l  mix 

s o i l  mix 

s o i l  m i x  

s o i l  mix 
s o i l  m i x  

s o i l  mix  



TABLE 2 

N I T R O G E N ,  PHOSPHOROUS AND POTASSIUM APPLIED 
PER PLANT AT TWO RATES 

L a b e l  R a t e  
- 

N u t r i e n t s  A p p l i e d  (mg) 

N P K 
F e r t i l i z e r  A n a l y s i s  

O r g a n i c  mix  4-5-2 60.80 33.44 25.23a 

Cow m a n u r e  2-1-2 60.80 13.38 50. 46b 

F i s h  e m u l s i o n  5-1-1 37.65 3.31 6.25' 
Dry c h e m i c a l  8-8-8 90.18 39.68 74.85 
L i q u i d  c h e m i c a l  15-30-15 42.75 37 9 2  35.48 
Slow release 12-6-6 303.99 66.88 126.16 

285 mg N p e r  month  

N u t r i e n t s  A p p l i e d  ( m g )  

N P K 
F e r t i l i z e r  A n a l y s i s  

O r g a n i c  m i x  4-5-2 285.00 156.75 118.27 
Cow manure  2-1-2 285 . O O  62.70 236.55 
F i s h  e m u l s i o n  5-1-1 285 . O O  25.08 47.31 
Dry c h e m i c a l  8-8-8 285 . O O  125.40 236.55 
L i q u i d  c h e m i c a l  15-30-15 285.00 250.78 236.53 
Slow r e l ease  12-6-6 285.00 62.79 118.27 
Optimum 20-20-20 285 . O O  125.40 236.55 



F e r t i l i z e r s  and Applicat ion 

Three organic  and t h r e e  inorganic  fe r t i l i zers  were 

used i n  t h i s  experiment. Cow manure (2-1-2) ,  a mix o f  

organic  f e r t i l i z e r s  (4-5-2), and f i s h  emulsion (5-1-1) w e r e  

t h e  organic  f e r t i l i z e r s .  A l i q u i d  chemical (15-30-15) , a 

dry chemical (8-8-8), and a slow r e l e a s e  (12-6-6) w e r e  t h e  

ino rgan ic  f e r t i l i z e r s .  

N u t r i e n t  s o l u t i o n s  were made from reagen t  grade  

calcium n i t r a t e ,  calcium phosphate and potassium c h l o r i d e .  

Each of  t h e  n u t r i e n t  s o l u t i o n s  w a s  made up t o  equal  t h e  

a n a l y s i s  of  one o f  t h e  organic  f e r t i l i z e r s .  A s tandard  

i n d u s t r y  r a t e  ( B a l l  1972, White 1971) o f  a l i q u i d  chemical 

f e r t i l i z e r  (20-20-20) was app l i ed  a t  t h e  r a t e  of  2% pounds 

p e r  100 g a l l o n s  every 2 weeks. This  f e r t i l i z a t i o n  r a t e  

(285 mg N p e r  pEant p e r  month) was used a s  a s tandard  f o r  

t h e  optimum response.  

The organic  and ino rgan ic  f e r t i l i z e r s  w e r e  app l i ed  

a t  two rates:  (1) t h e  l a b e l  r a t e  f o r  "house" o r  po t t ed  

p l a n t s ,  and (2)  a r a t e  a t  which n i t r o g e n  i n  t h e  f e r t i l i z e r  

was a p p l i e d  a t  285 mg N p e r  p l a n t  pe r  month. This  second 

r a t e  i s  s i m i l a r  i n  n i t r o g e n  a p p l i c a t i o n  t o  t h e  i n d u s t r y  
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r a t e  used f o r  t h e  optimum f e r t i l i z a t i o n  t rea tment .  

The amount of  each n u t r i e n t  s o l u t i o n  app l i ed  was 

determined by us ing  t h e  l a b e l  a n a l y s i s  o f  N-P-K a t  t h e  

recommended r a t e  f o r  each of t h e  organic  f e r t i l i z e r s .  The 

t o t a l  a p p l i e d  w a s  divided i n t o  weekly a l l o t m e n t s  t o  

approximate t h e  expected a v a i l a b i l i t y  of  t h e  organic  

f e r t i l i z e r s  t h a t  they  equa l l ed  i n  n u t r i e n t  a p p l i c a t i o n .  

The organic  f e r t i l i z e r s  a t  t h e  l a b e l  r a t e  w e r e  

a l s o  app l i ed  t o  a p o t t i n g  mix which contained no s o i l .  

These t r ea tmen t s  w e r e  t o  determine i f  any d i f f e r e n c e s  i n  

growth occured a s  a r e s u l t  o f  i n t e r a c t i o n  between s o i l  

microorganisms and t h e  organic  f e r t i l i z e r s  

P l a n t s  

Coleus 

Two hundred co leus ,  Coleus blumei 'Glory o f  

Luxembourg', c u t t i n g s  were taken on 13 December 1975 and 

rooted  under m i s t  i n  v e r m i c u l i t e  and cha rcoa l  a t  Longwood 

Gardens i n  t h e  experimental  greenhouses.  On 

1 7  January 1976 one hundred p l a n t s ,  s e l e c t e d  f o r  uniformi-  

t y ,  w e r e  po t t ed  i n t o  f i v e - i n c h  p l a s t i c  p o t s .  E ighty- f ive  

p l a n t s  w e r e  po t t ed  i n t o  an a e r a t e d  s t e a m - s t e r i l i z e d  s o i l  
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mix, a s tandard  p r a c t i c e  f o r  c o n t r o l l i n g  s o i l  pathogens. 

This  s o i l  mix c o n s i s t e d  o f  a Manor S i l t  Loam, p e a t  and 

p e r l i t e  i n  a 1:l:l r a t i o .  

s o i l l e s s  mix c o n s i s t i n g  of sand, p e a t  and p e r l i t e  i n  a 

2:2:1 r a t i o .  

F i f t e e n  p l a n t s  were po t t ed  i n  a 

F e r t i l i z e r  t rea tments  w e r e  begun a t  t h e  t i m e  

of p o t t i n g .  

There w e r e  twenty t rea tments  inc luding  t h e  u n f e r t i -  

l i z e d  c o n t r o l .  Each w a s  r e p l i c a t e d  f ive  t i m e s .  The p o t s  

w e r e  s e t  o u t  i n  a randomized complete block design.  

Watering w a s  done through p l a s t i c  tubing turned on manu- 

a l l y  when necessary .  

water  p e r  water ing .  

a p p l i e d  a t  t h e  r a t e  of  285 mg of N per  month r e t a i n e d  

water  i n  t h e  p o t s  and d i d  n o t  d r a i n  proper ly .  

l y  t h i s  t rea tment  w a s  n o t  watered a s  o f t e n  a s  t h e  res t .  

Each r e p l i c a t e  r ece ived  250 m l  of 

The t rea tment  having cow manure 

Consequent- 

The t r ea tmen t s  w e r e  f e r t i l i z e d  according t o  t h e  

s p e c i f i e d  r a t e s  u n t i l  10 Apr i l  1976 when t h e  top  growth 

was harves ted .  

weighed and ground i n  a Wiley m i l l  us ing  a 40 mesh screen .  

The n i t r o g e n  con ten t  was determined from a co lo rme t r i c  

response t o  Bessler's r eagen t  (Vaneslow 1940) a f t e r  

The p l a n t s  w e r e  i n d i v i d u a l l y  d r i e d ,  
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d i g e s t i n g  t h e  t i s s u e  i n  s u l f u r i c  a c i d  and ox id iz ing  t h e  

organic  m a t t e r  w i t h  hydrogen peroxide.  

potassium c o n t e n t  w e r e  determined from procedures given by 

S t e c k e l  and Flannery (1971).  

Phosphorus and 

Geranium 

One hundred and twenty geraniums , Pelargonium X 

hortorum ' C h e r i e ' ,  i n  one i n c h  p o t s ,  w e r e  purchased from 

a c o m e r c i a l  grower. 

t h e  t i m e  they  w e r e  purchased. 

They were selected f o r  un i formi ty  a t  

On 9 March 1976 t h e s e  p l a n t s  w e r e  t r a n s p l a n t e d  

i n t o  f i v e - i n c h  p l a s t i c  po t s .  The commercial grower 's  s o i l  

was l i g h t l y  shaken from t h e  r o o t s  be fo re  r e p o t t i n g .  

E igh ty - f ive  w e r e  t r a n s p l a n t e d  i n t o  an ae ra t ed  steam- 

s t e r i l i z e d  s o i l  mix c o n s i s t i n g  of a Manor S i l t  Loam, p e a t  

and p e r l i t e  i n  a 1:1:1 r a t i o .  F i f t e e n  p l a n t s  w e r e  po t t ed  

i n t o  a s o i l l e s s  p o t t i n g  mix c o n s i s t i n g  o f  sand, p e a t  and 

p e r l i t e  i n  a 2 :2 :1  r a t i o .  After r e p o t t i n g ,  a l l  plants w e r e  

t r e a t e d  w i t h  a fung ic ide  t o  c o n t r o l  s o i l  pathogens (see 

Appendix). 

t h e  experiment.  

The remaining twenty p l a n t s  w e r e  n o t  used i n  



16 

The f e r t i l i z e r  t rea tments  w e r e  app l i ed  on 

16 March 1976. The f e r t i l i z e r  t rea tments  w e r e  t h e  same a s  

t h e  co leus  t r ea tmen t s .  There w e r e  twenty t rea tments  

i nc lud ing  an u n f e r t i l i z e d  c o n t r o l .  

f ive t i m e s .  The p o t s  w e r e  se t  o u t  i n  a randomized complete 

b lock  des ign .  Watering w a s  done through p l a s t i c  tubing 

turned  on manually when necessary .  The t rea tment  o f  cow 

manure w i t h  t h e  f e r t i l i z e r  a p p l i e d  a t  a r a t e  of  285 mg N 

tended t o  r e t a i n  water  i n  t h e  po t s .  

n o t  watered as o f t e n  a s  t h e  rest. 

Each was r e p l i c a t e d  

These r e p l i c a t e s  were 

During t h e  l a s t  weeks o f  growth t h e  p l a n t s  w i th  t h e  

b e s t  growth r equ i r ed  more water .  

app l i ed  e q u a l l y  t o  all p l a n t s .  Equal amounts would have 

caused w i l t i n g  i n  some t rea tments  and overwatering i n  

o t h e r s .  

became marked. 

Therefore  water  was n o t  

Watering w a s  k e p t  equal  u n t i l  growth d i f f e r e n c e s  

The i n f l o r e s c e n c e s  from each geranium were removed 

a s  they  began t o  open. The t iming of removal allowed f o r  

i n f l o r e s c e n c e  development and ensured t h a t  t h e  n u t r i e n t s  

would be used p r i m a r i l y  f o r  v e g e t a t i v e  growth. 

of  f l o r e t s  i n  each i n f l o r e s c e n c e  was recorded.  S t a t i s t i c a l  

The number 
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r e l a t i o n s h i p s  between t h e  t r ea tmen t s  were n o t  determined 

f o r  t h e  f l o r e t  count.  A comparison between t h i s  count  and 

t h e  n u t r i e n t  up take  and t h e  d ry  weight o f  each t rea tment  

was drawn. 

Top growth of  t h e  p l a n t s  was harves ted  on 

18 May 1976. This  was d r i e d ,  weighed and then ground i n  a 

Wiley m i l l  us ing  a 40 mesh sc reen .  After d i g e s t i o n  w i t h  

s u l f u r i c  a c i d  and ox ida t ion  of  organic  ma t t e r  w i t h  hydro- 

gen peroxide,  n i t r o g e n  con ten t  was measured c o l o r m e t r i c a l l y  

us ing  Nessler's r eagen t  (Vaneslow 1940). Phosphorus and 

potassium con ten t  w a s  determined according t o  t h e  pro- 

cedures  of  S t e c k e l  and Flannery (1971) .  

Analysis  of t h e  Data 

The r e s u l t s  o f  t h i s  experiment w e r e  eva lua ted  us ing  

Duncan's m u l t i p l e  range tes t .  The d a t a  used f o r  t h i s  

s t a t i s t i c a l  t e s t  w e r e  t h e  dry  weights  of  t h e  top  growth o f  

each p l a n t .  Stepwise l i n e a r  r s g r e s s i o n s  were used t o  de -  

termine t h e  f u n c t i o n a l  r e l a t i o n s h i p s  of n i t r o g e n ,  phospho- 

r u s  and potassium. This  s t a t i s t i c a l  procedure was neces- 

s a r y  t o  f i n d  t h e s e  r e l a t i o n s h i p s  s i n c e  t h e  experiment was 

designed t o  measure d i f f e r e n c e s  i n  f e r t i l i z e r  programs, 
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n o t  t h e  in f luence  of i n d i v i d u a l  n u t r i e n t s .  



RESULTS 

Coleus 

Organic F e r t i l i z e r  a t  Label Rate-- 
N u t r i e n t  So lu t ion  a t  Equal Analysis  and Rate  

The d r y  weights  o f  each co leus  t rea tment  are  shown 

i n  F igure  1. 

t rea tments  (Table 3)  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i -  

c a n t  d i f f e r e n c e  between d ry  weights  of  t h e  organic  fer t i -  

l i z e r  t r ea tmen t s  and t h e  t rea tments  which rece ived  n u t r i e n t  

s o l u t i o n s  a t  s i m i l a r  ana lyses .  

and n u t r i e n t  s o l u t i o n  ( 4 - 5 - 2 )  t rea tments  were s i m i l a r  t o  

each o t h e r  i n  d ry  weight and a l s o  s i m i l a r  t o  t h e  cow 

manure ( 2 - 1 - 2 )  and n u t r i e n t  s o l u t i o n  (2-1-2)  t rea tments .  

The d ry  weights  o f  t h e  4-5-2 and 2-1 -2  a n a l y s i s  t rea tments  

w e r e  g r e a t e r  than those  of  t rea tments  r ece iv ing  f i s h  emul-  

Duncan's m u l t i p l e  range t e s t  of  t h e  co leus  

The organic  mix ( 4 - 5 - 2 )  

s i o n  (5-1-1) and t h e  n u t r i e n t  s o l u t i o n  (5-1-1). 

Organic F e r t i l i z e r  a t  Label Rate-- 
Ino rgan ic  F e r t i l i z e r  a t  Label Rate 

I The t rea tments  r e c e i v i n g  d ry  chemical and l i q u i d  

1 9  
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TABLE 3 

DRY WEIGHT MEANS OF EACH Coleus 
blumei- 'Glory of Luxembourg' 

TREATMENT 

Fertilizer Treatment Dry Weigh t ( g / p  lan t ) 
Organic mix--285 mg N/mo (4-5-2) 6-83 
Liquid chemical--label rate (15-30-15) 6.29 
Dry chemical--label rate (8-8-8) 5.77 
Optimum--285 mg N/month (20-20-20) 5.52 
Nutrient solution (4-5-2) 5.22 
C o w  manure--label rate (2-1-2) 4.55 
Nutrient solution (2-1-2) 4.42 
Slow release--285 mg N/mo (12-6-6) 4.13 
Organic mix--label rate (4-5-2) 4.04 
COW manure--soilless mix (2-1-2) 3.76 
Fish emulsion--285 mg N/mo (5-1-5) 3.28 
Slow release--label rate (12-6-6) 3.18 
Cow manure--285 mg N/month (2-1-2) 3.04 
Liquid chemical--285 mg N/mo (15-30-15) 2.99 
Organic mix--soilless mix (4-5-2) 2.83 

1 

Fish emulsion--soilless m i x  (5-1-1) 2.79 
Dry chemical--285 mg N/mo (8-8-8) 2.40 
Fish emulsion--label rate (5-1-1) 1.57 
Nutrient solution (5-1-1) 1.34 
Control--unfertilized 0.74 

Treatments not connected by a common line differ at the 5% 
level by Duncan's multiple range test. 
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chemical inorganic  f e r t i l i z e r s  a t  t h e  l a b e l  r a t e  had 

g r e a t e r  dry weights  than t h e  t rea tments  r ece iv ing  organic  

f e r t i l i z e r s  appl ied  a t  t he  l a b e l  r a t e .  There w e r e  excep- 

t i o n s  t o  t h i s  gene ra l  r u l e .  

manure a t  t h e  l a b e l  ra te  had a dry  weight t h a t  w a s  g r e a t e r  

than the  t reatment  r ece iv ing  slow r e l e a s e  f e r t i l i z e r  

appl ied  a t  t h e  l a b e l  r a t e .  The slow r e l e a s e  f e r t i l i z e r  

t rea tment  had a d r y  weight s i m i l a r  t o  the  t reatment  re- 

ce iv ing  t h e  organic  mix and a g r e a t e r  dry weight than t h e  

t rea tment  r ece iv ing  f i s h  emulsion a t  t he  l a b e l  ra te .  

The t rea tment  r ece iv ing  cow 

Organic F e r t i l i z e r  a t  285 mg Nitrogen P e r  Month-- 
Inorganic  F e r t i l i z e r  a t  285 mg Nitrogen P e r  Month 

The organic  mix t rea tment  i n  which the  f e r t i l i z e r  

r a t e  w a s  increased so  t h a t  285 mg of n i t rogen  w e r e  appl ied  

p e r  month had a dry  weight t h a t  was g r e a t e r  than a l l  o the r  

t rea tments .  The t rea tments  which rece ived  f i s h  emulsion 

(285 mg N/mo) and t h e  slow r e l e a s e  f e r t i l i z e r  (285 mg N/mo) 

had d r y  weights  t h a t  w e r e  s i m i l a r  t o  each o the r  and g r e a t -  

er than t h e  dry  weights  of  t h e  t rea tments  which rece ived  

cow manure (285 mg N/mo), l i q u i d  chemical (285 mg N/mo) 

and d r y  chemical (285 mg N/mo) f e r t i l i z e r s .  The l a t t e r  

I t h r e e  t rea tments  had d r y  weights  t h a t  were s i m i l a r .  
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The d ry  chemical and l i q u i d  chemical i no rgan ic  

f e r t i l i z e r s  appl ied  a t  t h e  r a t e  of 285 mg of  n i t rogen  per  

month r e s u l t e d  i n  a high m o r t a l i t y  r a t e  among t h e  r e p l i -  

c a t e s .  Four p l a n t s  i n  t h e  t rea tment  f e r t i l i z e d  wi th  t h e  

d ry  chemical died and two of  t h e  p l a n t s  i n  t h e  l i q u i d  chem- 

i c a l  t rea tment  d i e d .  

f e r t i l i z e r s  app l i ed  a t  a s i m i l a r  r a t e  o f  285 mg of n i t rogen  

pe r  month had no dea ths .  

The t rea tments  r ece iv ing  organic  

Organic F e r t i l i z e r  a t  Label Rate Applied t o  a S o i l  Mix-- 
Organic F e r t i l i z e r  a t  Label Rate Applied t o  a S o i l l e s s  Mix 

The t rea tments  t h a t  had t h e  organic  mix and cow 

manure app l i ed  t o  a s o i l  mix had d ry  weights  t h a t  were 

s i m i l a r  t o  t h e  d ry  weights  o f  t rea tments  t h a t  had t h e  

o rgan ic  mix and cow manure app l i ed  t o  a s o i l l e s s  mix. The 

t rea tment  w i th  f i s h  emulsion app l i ed  t o  a s o i l l e s s  mix had 

a g r e a t e r  dry  weight than t h e  t rea tment  t h a t  had f i s h  

emulsion app l i ed  t o  a s o i l  mix. 

Optimum Treatment (Standard Rate) 

The optimum t rea tment  which rece ived  285 mg of 

n i t rogen  (20-20-20) pe r  month had a dry  weight t h a t  w a s  

s i m i l a r  t o  t h e  t r ea tmen t s  which rece ived  l i q u i d  chemical 
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and d ry  chemical f e r t i l i z e r s  a t  t h e  l a b e l  r a t e .  This  s t a n -  

dard,  commercial grower ra te  d i d  n o t  produce r e s u l t s  b e t t e r  

than those  of  i no rgan ic  f e r t i l i z e r s  app l i ed  a t  t h e  "home- 

owner" ra te  given on t h e  l a b e l  o f  each f e r t i l i z e r .  

F i s h  Emulsion (5-1-1) 

No s i g n i f i c a n t  d i f f e r e n c e  was i n d i c a t e d  i n  t h e  

d ry  weights  of  t h e  t rea tment  r e c e i v i n g  f i s h  emulsion 

(5-1-1) , t h e  t rea tment  r e c e i v i n g  a n u t r i e n t  s o l u t i o n  

app l i ed  a t  t h e  5-1-1 a n a l y s i s ,  and t h e  u n f e r t i l i z e d  con- 

t r o l .  These t h r e e  t r ea tmen t s  produced t h e  lowest  d ry  

weights  of a l l  t rea tments .  

Regression Analysis  

Stepwise l i n e a r  r e g r e s s i o n  r e s u l t s  w e r e  determined 

from r e l a t i o n s h i p s  between t h e  d ry  weight y i e l d  and n i t r o -  

gen, phosphorus and potassium concen t r a t ion  and uptake 

of  each t rea tment  (Table 4 ) .  These r e s u l t s  (Table 5 )  

i n d i c a t e d  t h a t  an i n c r e a s e  i n  potassium uptake was t h e  

f a c t o r  having t h e  most i n f l u e n c e  on t h e  i n c r e a s e  i n  d ry  

weight of t h e  t r ea tmek t s  r e c e i v i n g  organic  f e r t i l i z e r s .  

It w a s  i n d i c a t e d  among t h e  i n o r g a n i c a l l y  f e r t i l i z e d  
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m a h m c o d r l O N N u r - l d b m h N * a m  
d m m u N m a a d r l m N m * m h m m h O  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
. . . . . . . . . . . . . . . . . . . .  
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TABLE 5 

PARTIAL CORRELATION COEFFICIENTS OF C o l e u s  b l u m e i  
' G l o r y  o f  Luxembourg '  FROM STEPWISE 

L I N E A R  R E G R E S S I O N  

P a r t i a l  

I n d e p e n d e n t  V a r i a b l e a  D e p e n d e n t  V a r i a b l e b  C o r r e l a t i o n  

C o e f f i c i e n t  

T o t a l  F e r i l i z e r  Trea tments '  

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  -0.15 

N i t r o g e n  up t a k e  y i e l d  0 14 

P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  0 . 2 1  

P h o s p h o r o u s  u p t a k e  y i e l d  -0 .12  

P o t a s s i u m  c o n c e n t r a t i o n  y i e l d  -0 .63  

P o t a s s i u m  u p t a k e  y i e l d  0 . 7 6  

O r g a n i c  F e r t i l i z e r  T r e a t m e n t s  Only  d 

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  - 0 . 4 6  

N i t r o g e n  u p t a k e  y i e l d  0 . 0 4  

P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  0 .58  

P h o s p h o r o u s  u p t a k e  y i e l d  - 0 . 3 4  

P o t a s s i u m  c o n c e n t r a t i o n  y i e l d  - 0 . 7 7  

P o t a s s i u m  u p t a k e  y i e l d  0 .82  
e I n o r g a n i c  F e r t i l i z e r  T r e a t m e n t s  Only  

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  -0 .70 

N i t r o g e n  u p t a k e  y i e l d  0 . 6 3  

P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  0 . 4 3  

P h o s p h o r o u s  u p t a k e  y i e l d  -0 4 1  

P o t a s s i u m  c o n c e n t r a t i o n  y k e l d  -0.40 

P o t a s s i u m  u p t a k e  y i e l d  0 .45  

a A l l  o t h e r  i n d e p e n d e n t  v a r i a b l e s  h e l d  c o n s t a n t .  
bThe y i e l d  i s  d r y  w e i g h t  p e r  p l a n t .  
' S i g n i f i c a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5% i s  . 2 1 1 1 .  
d S i g n i f i c a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5 %  i s  . 3 1 2 5 .  
e S i g n i f i c a n c e  of  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5 %  i s  . 3 9 7 6 .  
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t r ea tmen t s  t h a t  t h e  d ry  weight  was most in f luenced  by 

n i t r o g e n  concen t r a t ion .  However, n i t r o g e n  uptake  w a s  

i n d i c a t e d  a s  having p r a c t i c a l l y  equal  i n f l u e n c e  on t h e  

i n c r e a s e  i n  d ry  weight.  

Geranium 

Organic F e r t i l i z e r  a t  Label Rate-- 
N u t r i e n t  So lu t ion  a t  Equal Analysis and Rate 

The d ry  weights  of  each geranium t rea tment  a r e  

shown i n  F igure  2.  Duncan's m u l t i p l e  range t es t  of  t h e  

geranium t r ea tmen t s  (Table 6) i n d i c a t e d  t h a t  t h e r e  w a s  no 

s i g n i f i c a n t  d i f f e r e n c e  between t h e  d ry  weights  o f  t h e  

t rea tment  r e c e i v i n g  cow manure (2-1-2) and t h e  t rea tment  

r e c e i v i n g  a n u t r i e n t  s o l u t i o n  (2-1-2). The d ry  weights of  

t h e  t rea tment  r ece iv ing  f i s h  emulsion (5-1-1) and t h e  

t rea tment  r e c e i v i n g  a n u t r i e n t  s o l u t i o n  (5-1-1) w e r e  a l s o  

s imilar .  S t a t i s t i c a l  a n a l y s i s  d i d  i n d i c a t e  t h a t  t h e  t r e a t -  

ment r e c e i v i n g  a n u t r i e n t  s o l u t i o n  ( 4 - 5 - 2 )  had a g r e a t e r  

y i e l d  than  t h e  t rea tment  r ece iv ing  t h e  organic  mix (4-5-2). 

Organic F e r t i l i z e r  a t  Label  R a t e - -  
Inorganic  F e r t i l i z e r  a t  L,abel Rate 

The d ry  weights  o f  t rea tments  r e c e i v i n g  l i q u i d  

chemical and s l o w  r e l e a s e  ino rgan ic  f e r t i l i z e r s  app l i ed  
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TABLE 6 

DRY WEIGHT MEANS OF EACH GERANIUM 
Pelargonium X hortorum 

'Cherie' TREATMENT 

Fertilizer Treatment Dry Weight (g/plant) 
Liquid chemical--285 mg N/month (15-30-15) 11.18 
Optimum--285 mg N/month (20-20-20) 10.82 
Dry chemical--285 mg %/month (8-8-8) 9.46 
Liquid chemical--label rate (15-30-15) 7.27 
Slow release--label rate (8-8-8) 6.62 
Nutrient solution (4-5-2) 6.41 
Slow release--285 mg N/month (12-6-6) 6.23 
cow manure--soilless mix (2-1-2) 4.50 
Cow manure--label rate (2-1-2) 4.46 
Dry chemical--label rate (8-8-8) 4.06 
Organic mix--soilless mix (4-5-2) 3.88 
Fish emulsion--285 mg N/month (5-1-1) 3.83 
Organic mix--285 mg N/month (4-5-2) 3.23 
Nutrient solution (2-1-2) 3.19 
Organic mix--label rate (4-5-2) 2.86 
Fish emulsion--soilless mix (5-1-1) 
Cow manure--285 mg N/month (2-1-2) 

2.83 
2.80 

Control--unfertilized 1.80 
Fish emulsion--label rate (5-1-1) 1.44 
Nutrient solution (5-1-1) 1.38 1 
Treatments not connected by a common line differ at the 5% 
level according to Duncan's multiple range test. 
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a t  t h e  l a b e l  r a t e  w e r e  g r e a t e r  than t h e  d ry  weights  of  t h e  

t rea tments  r e c e i v i n g  organic  f e r t i l i z e r s  app l i ed  a t  t h e  

l a b e l  r a t e .  

f e r t i l i z e r  had a d ry  weight t h a t  was s i m i l a r  t o  t h e  d ry  

weight of t h e  t rea tments  r e c e i v i n g  cow manure and t h e  

organic  mix a t  t h e  l a b e l  r a t e .  

The t rea tment  r e c e i v i n g  dry  chemical inorganic  

Organic F e r t i l i z e r  a t  285 mg Nitrogen P e r  Month-- 
Inorganic  F e r t i l i z e r  a t  285 mg Nitrogen P e r  Month 

The t rea tments  t h a t  had t h e  l a b e l  r a t e s  of  l i q u i d  

chemical and d ry  chemical i no rgan ic  f e r t i l i z e r  increased  

so  t h a t  285 mg o f  n i t r o g e n  were app l i ed  p e r  month had dry  

weights t h a t  w e r e  g r e a t e r  than a l l  o the r  t rea tments  

t h e  optimum t rea tment .  The t rea tment  which rece ived  s low 

r e l e a s e  inorganic  f e r t i l i z e r  (285 mg N/mo) had a g r e a t e r  

d ry  weight  than t h e  t rea tments  which received f i s h  emulsion 

(285 mg N/mo), cow manure (285 mg N/mo), and t h e  organic  

mix (285 mg N/mo). 

had dry  weights  which w e r e  s i m i l a r .  

except  

The l a t t e r  t h r e e  f e r t i l i z e r  t rea tments  

3rganic  F e r t i l i z e r  a t  Label  Rate  Applied t o  a S o i l  Mix-- 
3rganic  F e r t i l i z e r  a t  Label Rate Applied t o  a S o i l l e s s  Mix 

The t h r e e  organic  f e r t i l i z e r  t rea tments  i n  s o i l  
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mixes had dry  weights  t h a t  w e r e  s i m i l a r  t o  corresponding 

f e r t i l i z e r  t rea tments  i n  soi l less  mixes. However, t h e  

t rea tment  which rece ived  f i s h  emulsion appl ied  t o  t h e  s o i l -  

less mix, a l though s t a t i s t i c a l l y  s i m i l a r ,  a c t u a l l y  had a 

d ry  weight t h a t  w a s  twice t h a t  o f  t h e  t rea tment  which 

rece ived  f i s h  emulsion i n  a s o i l  mix. 

Optimum Treatment (Standard Rate) 

The optimum t rea tment  which rece ived  285 mg of  

n i t rogen  p e r  month (20-20-20) r e s u l t e d  i n  a dry weight t h a t  

was s i m i l a r  t o  t h e  dry weights  of t h e  l i q u i d  chemical and 

dry  chemical inorganic  f e r t i l i z e r  t rea tments  which rece ived  

285 mg of n i t rogen  per  month. These t h r e e  t rea tments  had 

d r y  weights  t h a t  w e r e  g r e a t e r  than t h e  dry  weights  of a l l  

o t h e r  t rea tments .  

F i sh  Emulsion (5-1-1) 

There w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n d i c a t e d  

between t h e  dry weight of  t h e  t rea tment  r ece iv ing  f i s h  

emulsion (5-1-1), t h e  t rea tment  r ece iv ing  a n u t r i e n t  s o h -  

t i o n  (5-1- l ) ,  and t h e  u n f e r t i l i z e d  c o n t r o l .  These three 

t rea tments  had lower  dry  weights  than all o t h e r  t rea tments ,  
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F l o r e t  Count 

The ino rgan ic  l i q u i d  chemical ,nd d r y  chemical 

f e r t i l i z e r  t r ea tmen t s  a t  t h e  285 mg o f  n i t r o g e n  per  month 

r a t e  had t h e  h i g h e s t  f l o r e t  counts  (Figure 3 ) .  The o p t i -  

mum t r ea tmen t ,  bo th  slow r e l e a s e  t rea tments  and t h e  l i q u i d  

chemical t rea tment  a t  t h e  l a b e l  r a t e  a l s o  had high f l o r e t  

counts .  With t h e  except ion  of  t h e  n u t r i e n t  s o l u t i o n  

( 4 - 5 - 2 )  , a l l  o t h e r  t rea tments  had cons iderably  lower f l o r e t  

counts .  

Regression Analysis  

Stepwise l i n e a r  r e g r e s s i o n  r e s u l t s  were determined 

from r e l a t i o n s h i p s  between t h e  d ry  weight y i e l d  and n i t r o -  

gen, phosphorus and potassium concen t r a t ion  and uptake 

(Table 7 ) .  These r e s u l t s  (Table 8) ind ica t ed  t h a t  i n c r e a s -  

ing n i t r o g e n  uptake was t h e  most i n f l u e n t i a l  f a c t o r  i n  

i n c r e a s i n g  t h e  dry  weights  o f  t h e  p l a n t s .  This  was t h e  

case  i n  a l l  t h e  t rea tments .  
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- O N a d h l - l m h m N O m O d m * m * c o  
3 rl l-l rl 4 0  d d 0 0 rl 4 d N rl 1n N d m 0 

>0Q00000000000000000 
. . . . . . . . . . . . . . . . . . . .  
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TABLE 8 

PARTIAL CORRELATION COEFFICIENTS OF GERANIUM 
P e l a r g o n i u m  X h o r t o r u m  ' C h e r i e '  FROM 

STEPWISE LIPaEAR REGRESSION 

P a r t i a l  

I n d e p e n d e n t  Var iab lea  D e p e n d e n t  V a r i a b l e b  C o r r e l a t i o n  

C o e f f i c i e n t  

C 
T o t a l  F e r t i l i z e r  T r e a t m e n t s  

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  -0.63 

N i t r o g e n  u p t a k e  y i e l d  0 . 6 1  
P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  - 0 . 0 4  

P h o s p h o r o u s  u p t a k e  y i e l d  -0.19 

P o t a s s i u m  c o n c e n t r a t i o n  y i e l d  - 0 . 2 2  

P o t a s s i u m  u p t a k e  y i e l d  0 . 4 8  

d O r g a n i c  F e r t i l i z e r  T r e a t m e n t s  Only  
- ~ 

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  

N i t r o g e n  u p t a k e  y i e l d  

P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  

P h o s p h o r o u s  u p t a k e  y i e l d  

Po t a s s i urn c o nc e n  t r a t i o n  y i e l d  

P o t a s s i u m  u p t a k e  y i e l d  

-0.77 
0 . 8 4  

0.21 
- 0 . 1 4  

0 . 0 1  

0.06 
e 

I n o r g a n i c  F e r t i l i z e r  T r e a t m e n t s  On ly  

N i t r o g e n  c o n c e n t r a t i o n  y i e l d  

N i t r o g e n  u p t a k e  y i e l d  

P h o s p h o r o u s  c o n c e n t r a t i o n  y i e l d  

P h o s p h o r o u s  u p t a k e  y i e l d  

P o t a s s i u m  c o n c e n t r a t i o n  y i e l d  

P o t a s s i u m  u p t a k e  y i e l d  

-0.72 

0.73 
0.19 

- 0 . 2 4  

-0.39 
0.99 

a A l l  o t h e r  i n d e p e n d e n t  v a r i a b l e s  h e l d  c o n s t a n t .  
bThe y i e l d  i s  d r y  w e i g h t  p e r  p l a n t .  
' S i g n i f i c a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5 %  i s  . 2 0 4 8 .  
d S i g n i f i c a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5 %  i s  . 3 1 2 5 .  
e S i g n i f i c a n c e  o f  c o r r e l a t i o n  c o e f f i c i e n t s  a t  5% i s  . 3 7 8 3 .  
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DISCUSSION 

Organic F e r t i l i z e r  a t  Label Rate- 
N u t r i e n t  S o l u t i o n  a t  Equal 

Analysis  and Rate  

oke (1972) has s t a t e d  t h a t  p l a n t s  ,ake up nu- 

t r i e n t s  from t h e  s o i l  s o l u t i o n  as inorganic  ions .  The 

processes  by which t h i s  occurs have been e x t e n s i v e l y  d i s -  

cussed by S u t c l i f f e  (1962). The t r ea tmen t s  of  organic  

f e r t i l i z e r s  app l i ed  a t  l a b e l  r a t e  and t h e  n u t r i e n t  so lu-  

t i o n s  of  equal  ana lyses  and r a t e  w e r e  compared t o  determine 

i f  d i f f e r e n c e s  i n  t h e  source  of t h e  n u t r i e n t s  would cause 

d i f f e r e n c e s  i n  p l a n t  growth. With one except ion ,  t h e  re- 

s u l t s  of t h e  co leus  and geranium t rea tments  showed t h a t  

t h e  d ry  weight y i e l d s  o f  t rea tments  r ece iv ing  organic  f e r -  

t i l i z e r s  w e r e  s t a t i s t i c a l l y  s i m i l a r  t o  t h e  d ry  weight 

y i e l d s  of  t h e  t rea tments  r e c e i v i n g  n u t r i e n t  s o l u t i o n s  o f  

equal  n u t r i e n t  con ten t .  These r e s u l t s  i n d i c a t e  t h a t  t h e  

o r i g i n  of  i o n s ,  whether organic  o r  i no rgan ic ,  i s  n o t  t h e  

determining f a c t o r  i n  p l a n t  growth. 

36 
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It was observed i n  bo th  Coleus blumei 'Glory of  

Luxembourg' and Pelargonium X hortorum ' C h e r i e '  t h a t  t h e  

t r ea tmen t s  which r ece ived  a n u t r i e n t  s o l u t i o n  ( 4 - 5 - 2 )  

equa l  t o  t h e  amount of  n u t r i e n t s  app l i ed  t o  t h e  t rea tments  

r e c e i v i n g  t h e  organic  mix ( 4 - 5 - 2 )  had g r e a t e r  d ry  weight 

y i e l d s .  However, on ly  i n  t h e  case  o f  geraniums was t h e  

y i e l d  s t a t i s t i c a l l y  d i f f e r e n t .  These r e s u l t s  a r e  n o t  con- 

s i s t e n t  w i t h  t h e  r e s u l t s  of t h e  t r ea tmen t s  r ece iv ing  cow 

manure and f i s h  emulsion when compared w i t h  t rea tments  re- 

c e i v i n g  n u t r i e n t  s o l u t i o n  a p p l i c a t i o n s  equal  t o  those  o r -  

gan ic  f e r t i l i z e r s .  The reason  f o r  t h i s  d i f f e r e n c e  i s  un- 

c l e a r  and r e q u i r e s  f u r t h e r  t e s t i n g  f o r  adequate d i scus -  

s i o n .  

Organic F e r t i l i z e r  a t  Label Rate-- 
Inorganic  F e r t i l i z e r  a t  

Label Rate 

The o v e r a l l  r e s u l t s  showed t h a t  both co leus  and 

geranium t rea tments  r e c e i v i n g  commercially a v a i l a b l e  i n o r -  

ganic  f e r t i l i z e r s  app l i ed  a s  recommended produced s t a t i s -  

t i c a l l y  h igher  y i e l d s  than t h e  t r ea tmen t s  r ece iv ing  

commercially a v a i l a b l e  organic  f e r t i l i z e r s  app l i ed  a s  

recommended. 
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These r e s u l t s  seem t o  i n d i c a t e  t h a t  t h e  n u t r i e n t s  

o f  t h e  ino rgan ic  f e r t i l i z e r s  ( 8 - 8 - 8 ,  15-30-15, 12-6-6) a r e  

i n  a more d e s i r a b l e  r a t i o  than a r e  t h e  n u t r i e n t s  of  t h e  

organic  f e r t i l i z e r s  (4-5-2, 2-1-2, 5-1-1). There w e r e  

comparisons suppor t ing  t h i s  which showed t h e  t rea tment  

y i e l d s  of  organic  f e r t i l i ze r s  and comparable n u t r i e n t  

s o l u t i o n s  t o  b e  s t a t i s t i c a l l y  s i m i l a r .  The s i m i l a r i t y  of 

t rea tment  y i e l d s  of  organic  f e r t i l i z e r s  and t rea tment  

y i e l d s  o f  comparable n u t r i e n t  s o l u t i o n s  tend t o  prec lude  

t h e  a t t r i b u t i o n  of  d i f f e r e n c e s  between organic  f e r t i l i z e r  

and ino rgan ic  f e r t i l i z e r  t rea tments  t o  e i t h e r  ion  source  

o r  r a t e  o f  a v a i l a b i l i t y .  

It i s  impor tan t  t o  r e a l i z e  t h a t  inorganic  f e r t i l i z -  

ers a r e  manufactured f o r  t h e  express  purpose of  promoting 

p l a n t  growth. 

of  i n d i v i d u a l  n u t r i e n t s  i s  der ived from information based 

The a n a l y s i s  r a t i o  and o f t e n  a v a i l a b i l i t y  

on p l a n t  growth s t u d i e s .  This  i s  n o t  n e c e s s a r i l y  t h e  

case  w i t h  organic  f e r t i l i z e r s .  Organic f e r t i l i z e r s  may o r  

may n o t  have a n u t r i e n t  ba lance  t h a t  i s  f avorab le  f o r  op- 

t imum p l a n  t grow t h . 

It i s  commonly accepted t h a t  n u t r i e n t s  i n  organic  



f e r t i l i ze r s  become only  s lowly a v a i l a b l e .  A l l i son  (1973) 

s t a t e s  t h a t  t h e  s l o w  a v a i l a b i l i t y  of  n i t r o g e n  from high 

grade  organic  f e r t i l i z e r s  i s  l a r g e l y  a myth. H e  s t a t e s  

t h a t  t h e  n i t r o g e n  i n  organic  f e r t i l i z e r s  o f t e n  becomes 

q u i t e  r e a d i l y  a v a i l a b l e .  

o f  n i t r o g e n  i n  c e r t a i n  organic  fe r t i l i zers  and t h e  y i e l d  

s i m i l a r i t i e s  of t h e  organic  f e r t i l i z e r  and n u t r i e n t  so lu-  

t i o n  t rea tments  tend t o  i n d i c a t e  t h a t  y i e l d  d i f f e r e n c e s  

between t h e  organic  and ino rgan ic  f e r t i l i z e r s  may be 

accounted f o r  by inadequacies  i n  t h e  N-P-K a n a l y s i s  r a t i o s  

of  t h e  organic  f e r t i l i z e r s .  

This  apparent  ready a v a i l a b i l i t y  

Organic F e r t i l i z e r  a t  285 mg Nitrogen 
Per  Month- - Inorganic  F e r t i l i z e r  

a t  285 mg Nitrogen P e r  Month 

The B a l l  Red Book (1972) and White (1971) recom- 

mend a r a t e  o f  285 mg of n i t r o g e n  pe r  p l a n t  p e r  month f o r  

t h e  commercial product ion o f  bedding p l a n t s  which inc lude  

co leus  and geranium. Each of  t h e  s i x  f e r t i l i z e r s  being 

t e s t e d  w a s  app l i ed  so  t h a t  285 mg of  n i t rogen  p e r  month 

would be  app l i ed  t o  t h e  t rea tments .  I n  t h e s e  t rea tments  

phasphorus and potassium v a r i e d  i n  d i r e c t  p ropor t ion  t o  

l a b e l  a n a l y s i s  w i t h  t h e  change i n  n i t r o g e n .  
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This  increased  f e r t i l i z e r  (decreased i n  t h e  case  

of  slow r e l e a s e )  was a p p l i e d  t o  t h e  co leus  a t  t h e  t i m e  t h e  

roo ted  c u t t i n g s  w e r e  po t t ed .  The m o r t a l i t y  r a t e ,  60 pe r  

c e n t  w i t h i n  2 1  days,  i n  t h e  t r ea tmen t s  r ece iv ing  t h e  l i q u i d  

chemical and d ry  chemical i no rgan ic  f e r t i l i z e r s  w a s  a t t r i b -  

u ted  t o  t h e  h igh  s a l t  concen t r a t ion  and r e s u l t a n t  r o o t  

burn.  

The dea ths  which occurred i n  t h e  ino rgan ic  l i q u i d  

chemical and d ry  chemical (285 mg N/month) t rea tments  w e r e  

s i g n i f i c a n t  s i n c e  no dea ths  occurred i n  t h e  t rea tments  of 

organic  f e r t i l i z e r s  a t  a s i m i l a r  r a t e .  

may be r e l e a s e d  q u i t e  r e a d i l y  from some organic  f e r t i l i -  

z e r s  (Al l i son  1 9 7 3 ) ,  t h e  n u t r i e n t s  seem t o  be r e l e a s e d  

a t  a r a t e  which i s  n o t  r a p i d  enough t o  cause r o o t  damage. 

The dea ths  i n  t h e  i n o r g a n i c a l l y  f e r t i l i z e d  t rea tments  

i l l u s t r a t e  t h e  need f o r  c a r e  i n  t h e  t iming and a p p l i c a t i o n  

o f  t h e s e  f e r t i l i z e r s .  

Although n i t r o g e n  

The occurrence o f  d i f f e r e n c e s  between t h e  organic  

and ino rgan ic  f e r t i l i z e r s  because o f  burn was n o t  a n t i c i -  

pated i n  t h e  experimental  design.  The s tudy  was intended 

t o  measure y i e l d  of t h e  va r ious  f e r t i l i z e r  programs. 



41 

Cherefore, t h e  geraniums were allowed t o  become e s t a b l i s h e d  

3efore t h e  f e r t i l i z e r s  were app l i ed .  The dea ths  which 

Iccurred i n  t h e  co leus  w e r e  o f  d e f i n i t e  i n t e r e s t  b u t  i t  

qas n o t  d e s i r e d  t o  have them repea ted  i n  t h e  geranium 

5 tudy . 

The r e s u l t s  from t h e  geranium t rea tments  were 

I u i t e  d i f f e r e n t  from those  of t h e  co leus .  The geranium 

treatments  r ece iv ing  t h e  h igher  amounts of l i q u i d  chemical 

m d  d ry  chemical f e r t i l i z e r  had much h igher  d ry  weights  

than t h e  o t h e r  t rea tments .  The f l o r e t  count was a l s o  much 

i ighe r .  These r e s u l t s  ref lect  t h e  vigorous growth d e s i r e d  

'y commercial f lower growers who must produce marketable 

' l an t s  t h a t  a r e  a t t r a c t i v e  and hea l thy .  

The poor response of  t h e  t rea tments  r e c e i v i n g  t h e  

x g a n i c  f e r t i l i z e r s  a t  t h e  increased  r a t e  cannot be ac- 

iounted f o r  f u l l y .  

The t rea tments  r ece iv ing  cow manure a t  t h e  i n -  

sreased r a t e  had a tendancy t o  become waterlogged. 

Large amount o f  f e r t i l i z e r  needed t o  ob ta in  t h e  285 mg of 

i i t r o g e n  p e r  month r a t e  was u t i l i z e d  f o r  experimental  pur- 

3oses b u t  under o rd ina ry  cond i t ions  would be h igh ly  

The 



imprac t i ca l .  

The slow r e l e a s e  f e r t i l i z e r  r a t e  was a c t u a l l y  

reduced from t h a t  of  t h e  l a b e l  r a t e  i n  o rde r  t h a t  285 mg 

o f  n i t r o g e n  per  month be  app l i ed .  O f  t h e  f e r t i l i z e r s  

t e s t e d ,  t h e  slow r e l e a s e  w a s  t h e  only  one t h a t  had n u t r i -  

e n t s  app l i ed  by l a b e l  d i r e c t i o n s  a t  a r a t e  somewhat s i m i -  

l a r  t o  commercial recommendations. Despi te  t h i s  f a c t  t h e  

t rea tments  t h a t  received t h e  slow r e l e a s e  f e r t i l i z e r  d i d  

no t  produce t h e  expected h igher  d ry  weight y i e l d s .  This 

i s  probably because t h e  n u t r i e n t s  w e r e  n o t  r e l e a s e d  a t  a 

r a t e  r a p i d  enough f o r  optimum p l a n t  use .  

Organic F e r t i l i z e r  a t  Label Rate  Applied 
t o  a S o i l  Mix--Organic F e r t i l i z e r  

a t  Label Rate  Applied t o  
a S o i l l e s s  Mix 

The s t a t i s t i c a l  s i m i l a r i t i e s  between t h e  t r e a t -  

ments grown i n  a s o i l  mix and t h e  s o i l l e s s  mix i n d i c a t e  

t h a t  e i t h e r  growing medium can be used w i t h  s i m i l a r  growth 

r e s u l t s .  The hypothesis  t h a t  mic rob ia l  a c t i v i t y  e i t h e r  

res t r ic ted o r  increased  t h e  a v a i l a b i l i t y  of t h e  n u t r i e n t s  

i s  n o t  supported by t h i s  s tudy .  

It i s  n o t  known why t h e  t r ea tmen t s  i n  t h e  s o i l l e s s  
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mix r e c e i v i n g  f i s h  emulsion, i n  both  co leus  and geranium, 

had g r e a t e r  a c t u a l  y i e l d s  than t h e  t r ea tmen t s  i n  s o i l  mix. 

It may d e r i v e  from t h e  f a c t  t h a t  phosphorus, which forms 

i n s o l u b l e  compounds i n  s o i l  (Furuta  1 9 7 4 ) ,  remains s o l u b l e  

and a v a i l a b l e  t o  t h e  p l a n t s  i n  t h e  s o i l l e s s  mix. 

Optimum Treatment (Standard Rate) 

This  t rea tment  was e s s e n t i a l l y  a check using a 

20-20-20 f e r t i l i z e r  app l i ed  a t  t h e  commercially recommend- 

e d  r a t e .  A t  t h i s  r a t e ,  285 mg o f  n i t r o g e n  w e r e  app l i ed  

per  month t o  serve a s  a s tandard  t rea tment  t o  which t h e  

o t h e r  t rea tments  could be  compared. 

It i s  unknown why t h i s  t rea tment  d i d  n o t  experience 

a s  severe a response t o  r o o t  burn i n  t h e  co leus  t rea tment  

a s  t hose  r e c e i v i n g  l i q u i d  chemical and d ry  chemical i n o r -  

gan ic  f e r t i l i z e r s  a t  a s imilar  a p p l i c a t i o n  r a t e .  Some 

damage does appear t o  have occurred s i n c e  t h i s  t rea tment ,  

wh i l e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% level ,  has a 

d ry  weight  y i e l d  t h a t  i s  less than t h e  t rea tments  r ece iv ing  

l i q u i d  chemical and dry chemical inorganic  f e r t i l i z e r s  a t  

t h e  l a b e l  r a t e .  
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I n  t h e  geranium experiment t h i s  optimum t rea tment  

i s  s t a t i s t i c a l l y  s i m i l a r  t o  t h e  t r ea tmen t s  t h a t  rece ived  

l i q u i d  chemical and dry  chemical i no rgan ic  f e r t i l i z e r s  

app l i ed  a t  t h e  s i m i l a r  285 mg of n i t r o g e n  per  month r a t e .  

This  i n d i c a t e s  t h a t  t h e  h igher  r a t e  of  n u t r i e n t s  which were 

a p p l i e d  d i d  promote be t te r  p l a n t  growth. 

F i s h  Emulsion (5-1-1) 

Both t h e  co leus  and geraniums t h a t  rece ived  n u t r i -  

e n t  s o l u t i o n  (S-1-1) and f i s h  emulsion a t  t h e  l a b e l  r a t e  

had very  low d ry  weights .  

n u t r i e n t  ba lance .  

balance has  been emphasized by Cook (1950) i n  s t u d i e s  w i t h  

f lowering c rops .  

This  may be  due t o  improper 

The importance of  proper n u t r i e n t  

The concen t r a t ion  and uptake of phosphorus by t h e  

p l a n t s  i n  t h e  5-1-1 l a b e l  r a t e  a p p l i c a t i o n s  o f  bo th  f i s h  

emulsion and t h e  n u t r i e n t  s o l u t i o n  a r e  very  low. 

(1950), i n  h i s  experiments w i th  f lowering c rops ,  found t h a t  

when phosphorus was omitted from f e r t i l i z e r  a p p l i c a t i o n s  

response t o  n i t r o g e n  was g r e a t l y  lessened .  

even wi th  a f ive  pe r  c e n t  n i t r o g e n  con ten t ,  may have inade- 

quate  phosphorus f o r  proper  growth. 

Cook 

Fish  emulsion, 

The l o w  phosphorus 



con ten t  of  t h i s  f e r t i l i z e r  may be  f u r t h e r  compounded by 

t h e  conversion o f  phosphorus t o  i n s o l u b l e  forms i n  t h e  

s o i l  (Furuta 1971).  

Another f a c t o r  which may have had an in f luence  on 

t h e  low d r y  weights  of  t h e  f i s h  emulsion and n u t r i e n t  

s o l u t i o n  (5-1-2.) t r ea tmen t s  was t h e  r a t e  a t  which they  were 

app l i ed .  The l a b e l  gave two r a t e s :  (1) a r a t e  f o r  house 

p l a n t s ,  and (2) a r a t e  f o r  outdoor p l a n t s .  The house p l a n t  

r a t e  w a s  used s i n c e  "house p l an t "  i s  o f t e n  equated w i t h  

"pot ted plant" .  

w i t h  t h e  consequence of b iased  r e s u l t s .  

This  may have been an i n c o r r e c t  procedure 

The l a b e l  r a t e  t h a t  was app l i ed  was one- four th  t h a t  

o f  t h e  suggested "outdoor" r a t e .  

i n  t u r n  approximately one-half  t h e  285 mg of  n i t rogen  p e r  

month ra te  t h a t  was app l i ed .  Both t h e  co leus  and geranium 

t rea tments  t h a t  rece ived  285 mg of  n i t r o g e n  p e r  month of 

f i s h  emulsion d i d  have dry  weighlts which were s i g n i f i c a n t l y  

The "outdoor" r a t e  was 

g r e a t e r  than t h e  dry  weights  of t h e  l a b e l  r a t e  f i s h  emul- 

s i o n  t r ea tmen t s .  It i s  n o t  known i f  t h e  "outdoor" l a b e l  

r a t e  which w a s  n o t  app l i ed  would a l s o  have produced higher  . 

dry  weights .  



46 

F l o r e t  Count 

The f l o r e t  count o f  t h e  geranium t rea tments  re- 

ce iv ing  ino rgan ic  f e r t i l i z e r s  was d i r e c t l y  r e l a t e d  t o  t h e  

amount o f  f e r t i l i z e r  appl ied .  The h igher  f e r t i l i z a t i o n  

r a t e s  r e s u l t e d  i n  inc reased  f l o r e t  counts .  This  was gener-  

a l l y  t r u e  o f  t h e  organic  t r ea tmen t s  a l s o  b u t  t h e  i n c r e a s e  

i n  f l o r e t  count was n o t  a s  pronounced a s  i n  t h e  inorganic  

t r ea tmen t s .  The l o w  f l o r e t  count o f  t h e  organic  t rea tments  

p a r a l l e l s  t h e  g e n e r a l l y  l o w  dry  weight y i e l d  of  those  

t r ea tmen t s .  This  i l l u s t r a t e s  t h a t  p l a n t s  l ack ing  v igo r  and 

hea l thy  v e g e t a t i v e  growth do n o t  f lower w e l l .  

However, t h e  number of f l o r e t s  appears  t o  be de-  

pendent upon more than  j u s t  s t r o n g  v e g e t a t i v e  growth. 

Comparing t h e  f l o r e t  count w i t h  t h e  amount of  n u t r i e n t s  

a p p l i e d  i n d i c a t e s  t h a t  n u t r i e n t  ba lance  i s  a l s o  important .  

The n u t r i e n t  a n a l y s i s  r a t i o  of t h e  ino rgan ic  l i q u i d  

chemical seemed t h e  most b e n e f i c i a l  f o r  f l o r e t  product ion.  

The N-P-K a n a l y s i s  r a t i o  o f  t h e  l i q u i d  chemical was 1:2:1. 

The optimum response t r ea tmen t ,  w i th  an N-P-K a n a l y s i s  

r a t i o  of l:l:l, produced a s t a t i s t i c a l l y  s i m i l a r  dry  weight 

y i e l d  b u t  only h a l f  a s  many f l o r e t s  a s  t h e  l i q u i d  chemical 
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treatment (285 mg Njmonth). This  was t r u e  d e s p i t e  t h e  f a c t  

t h a t  t h e  n i t r o g e n  levels w e r e  equa l .  Even w i t h  n i t r o g e n  

Levels varying g r e a t l y ,  t h e  optimum t rea tment  and t h e  l a b e l  

r a t e  l i q u i d  chemical t rea tment  had f l o r e t  counts  t h a t  w e r e  

l u i t e  s imilar .  

Regression Analysis  

The p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  s t a t i s t i c a l l y  

neasure t h e  c o r r e l a t i o n  betgeen t h e  d ry  weight  y i e l d s  and 

the independent variables--concentration and uptake of  

i i t r o g e n ,  phosphorus and potassium. This c o e f f i c i e n t  g ives  

i n d i c a t i o n  a s  t o  which independent v a r i a b l e  has t h e  most 

in f luence  on t h e  v a r i a t i o n  i n  d ry  weight.  The h igher  t h e  

sbso lu t e  va lue  o f  a p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  asso-  

z i a t e d  w i t h  a p a r t i c u l a r  independent v a r i a b l e  t h e  g r e a t e r  

the c o n t r i b u t i o n  o f  t h a t  v a r i a b l e  t o  t h e  v a r i a t i o n  i n  d ry  

#e igh t .  

These d a t a  i n d i c a t e  t h a t  t h e  uptake of  n i t r o g e n  

ias inf luenced d ry  weight y i e l d  i n  most i n s t ances .  The 

reason f o r  potassium uptake being ind ica t ed  a s  t h e  most 

i n f l u e n t i a l  v a r i a b l e  i n  t h e  case  o f  two coleus  r e g r e s s i o n  

m a l y s e s  i s  unknown. This  information may i n d i c a t e  an 
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s r t i f a c t  and n o t  a t r u e  r e p r e s e n t a t i o n  o f  n u t r i e n t  r e l a -  

t i onsh ips .  To determine i f  t h e s e  p a r t i c u l a r  independent 

v a r i a b l e s  a r e  a c t u a l l y  t h e  most i n f l u e n t i a l  f a c t o r s  f u r t h e r  

t e s t i n g  i s  necessary .  

Label Recommendations 

F e r t i l i z a t i o n  r a t e s  recommended on t h e  l a b e l  must 

convey t o  t h e  u s e r  a s p e c i f i c  amount o f  f e r t i l i z e r  f o r  a 

p a r t i c u l a r  p l a n t  i n  a p a r t i c u l a r  s i t u a t i o n .  Manufacturers 

accomplish t h i s  by grouping p l a n t s  i n t o  two gene ra l  cate- 

go r i e s .  These a r e  e i t h e r  outdoor,  garden p l a n t s  o r  

indoor ,  house p l a n t s .  An amount o f  f e r t i l i z e r  i s  then re- 

commended f o r  each of t h e s e  groupings.  

Manufacturers base  t h e  groupings and l a b e l  r a t e s  

on presupposed levels o f  growth, l i g h t  i n t e n s i t i e s  and 

watering r a t e s .  L i t t l e  al lowance i s  made f o r  i n s t a n c e s  i n  

which r a p i d ,  "garden" type  growth i s  d e s i r e d  from a po t t ed  

p l a n t .  

A p o t t e d  geranium grown i n  a l i v i n g  room most 

l i k e l y  has l i g h t  a s  t h e  major l i m i t i n g  f a c t o r  o f  growth. 

r h a t  same p l a n t ,  adequate ly  watered,  i n  a sunny l o c a t i o n  



on a p a t i o  would probably have i t s  growth l i m i t e d  by t h e  

amount o f  n u t r i e n t s  i t  absorbs .  Therefore ,  t h e  indoor ,  

house p l a n t  group should have two r a t e s  o f  f e r t i l i z a t i o n  

l i s t e d .  

a l low f o r  g radua l  matura t ion .  

f o r  p l a n t s  grown i n  l o w  l i g h t  s i t u a t i o n s .  

promoting r a p i d  and abundant p l a n t  growth. 

would be f o r  p l a n t s  grown i n  f u l l  sun much o f  t h e  day. 

P resen t  l a b e l  rates do n o t  adequate ly  encompass these  two 

s i t u a t i o n s .  

(1) A r a t e  which would main ta in  p l a n t  growth and 

This  r a t e  would be mainly 

(2) A r a t e  

This  r a t e  

The cow manure and organic  m i x  l a b e l s  gave a r a t e  

f o r  p o t  p l a n t s  and window boxes which was he lp fu l .  

f i s h  emulsion l a b e l  l i s t e d  a p p l i c a t i o n  r a t e s  f o r  many 

p l a n t s  and was t h e  most in format ive  l a b e l .  

which t a k e  i n t o  account d i f f e r e n t  types o f  growth wi th in  

t h e  outdoor ,  garden and indoor ,  house p l a n t  groupings a r e  

not a v a i l a b l e .  

o f  t h e  f e r t i l i z e r s  s tud ied  how much f e r t i l i z e r  should be 

appl ied  t o  a po t t ed  co leus  o r  geranium grown i n  a sunny 

l o c a t i o n  on a p a t i o .  

The 

However, r a t e s  

It i s  g e n e r a l l y  unc lea r  from t h e  l a b e l s  



CONCLUSIONS 

Commercially a v a i l a b l e  inorganic  f e r t i l i z e r s  

3pplied a t  t h e  recommended l a b e l  r a t e  produce p l a n t s  w i t h  

grea te r  d ry  weight and i n  t h e  case  of  f l o r i s t s '  geraniums, 

3 l a r g e r  f l o r e t  count than do commercially a v a i l a b l e  

i rganic  f e r t i l i z e r s  app l i ed  a t  t h e i r  recommended r a t e .  

' h i s  i s  a l s o  t h e  case  when t h e  n i t r o g e n  i n  t h e  l a b e l  r a t e  

)f t h e  ino rgan ic  and organic  f e r t i l i z e r s  i s  increased  to 

in equal  amount. 

qeceiving adequate s u n l i g h t  and moisture .  

:o r a p i d l y  growing p l a n t s  i n  window boxes, hanging baske ts  

tnd p a t i o  c o n t a i n e r s .  

touse p l a n t s .  

This conclusion i s  l i m i t e d  t o  p l a n t s  

It would apply 

It i s  n o t  meant t o  inc lude  indoor 

A balanced n u t r i e n t  r a t i o  i n  f e r t i l i z e r s  is  impor- 

. an t  for good p l a n t  growth. 

ppear t o  have less than  optimum a n a l y s i s  r a t i o s .  

i on ,  t h e  type  of growth produced, whether v e g e t a t i v e  o r  

eproduct ive ,  may be dependent upon t h a t  r a t i o .  

The organic  f e r t i l i z e r s  t e s t e d  

I n  a d d i -  

50 
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F e r t i l i z e r s  w i t h  equal  amounts o f  n i t r o g e n ,  phos- 

phorus and potassium, whether o f  organic  o r  i no rgan ic  

o r i g i n ,  produce p l a n t s  w i t h  s i m i l a r  d ry  weight y i e l d s .  

F e r t i l i z e r  manufacturers should cons ide r  a f e r t i -  

l i z e r  a p p l i c a t i o n  r a t e  on t h e  l a b e l  t h a t  would be  s p e c i f i -  

c a l l y  f o r  r a p i d l y  growing p l a n t s  i n  outdoor c o n t a i n e r s  

such a s  window boxes, hanging baske t s  and p a t i o  p l a n t e r s .  

This  r a t e  would t a k e  i n t o  account increased  l i g h t  and 

mois ture  o f t e n  received by t h e s e  con ta ine r  p l a n t s .  

r a t e  would be  based on t h e  f a c t  t h a t  more abundant growth 

i s  u s u a l l y  expected f r o n  outdoor con ta ine r  p l a n t s .  

This 
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APPENDIX 

COMMERCIAL PRODUCTS USED AND 
RATE OF APPLICATION 

F e r t i l i z e r  
Appl ica t ion  Rate 

g/5" pot/mo Ana 1 y s i s  

Hoffman Super Manure 4-5-2 

Hoffman Cow Manure 2-1-2 

A t l a s  F i s h  Emulsion 5-1-1 

Ortho General  Purpose 
P l a n t  Food 8-8-8 

Mirac le  Grow 15-30-15 

P r e c i s e  12-6-6 

Fungicide 

Benlate  

Dexon 
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1.52 

3.04 

0.75 

1.13 

0.29 

2.53 

Appl ica t ion  Rate  
( S o i l  Drench) 

4 oz/100 g a l  

8 oz/lOO g a l  
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