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CALVIN C. COOPER ABSTRACT

The in te rac t io n  of env i ronm en ta l  f a c to r s  upon the growth 

of Salvia sp lendens was studied  to obta in in fo rm ation  concern in g  the 

growth of Salvia and the p o s s ib i l i t i e s  of i ts  in t roduc tion  to the 

f lo r i s t  pot p lant  indus try .  F o r  th is  p u rpose  the growth of ten  cu l-  

t i v a r s  was c o m p a red .  The influence of cold t r e a tm e n t ,  night t e m 

p e r a t u r e ,  "'pinching", photoperiod ,  roo t  t e m p e r a t u r e  and light  i n 

t ens i ty  was studied.  In fo rm at io n  was g a th e red  concern in g  the t i m 

ing of a c rop  of Salvia for  the  C h r i s tm a s  m a r k e t ,  and the keeping 

quality of the plants a t  ro o m  t e m p e r a t u r e .

F o r  the p roduc t ion  of sho r t ,  dense  p la n ts  the c u l t iv a r s

of the dw arf  type p roved  m o s t  su i tab le ,  and for  the p roduc tion  of a

sl ightly m o r e  v igorous  p lan t  the c u l t iv a r s  of the s e m i - d w a r f  type

w ere  r e c o m m e n d e d .  The cu l t iv a r ,  A m e r ic a ,  was se lec ted  fo r  use

in a l l  oh te r  e x p e r im e n t s .

o
The 40 F  cons tan t  t e m p e r a t u r e  cold t r e a t m e n t  for  1 week 

ap p e a re d  to r e t a r d  growth m o r e  when it was supplied  a t  the  two- 

than  a t  the fou r -node  s tage  of growth. At e i th e r  s tage ,  the  in f lu 

ence of the r e la t iv e ly  sh o r t  p e r io d  of cold t r e a t m e n t  was not e x t r e m e 

ly l a rg e .

The study of night t e m p e r a t u r e  influences  ind ica ted  that

o
Salvia g rew  m o r e  v igorous ly  and f low ered  sooner  with 60 F  than



with 50°F  night t e m p e r a t u r e .  This  was p a r t i c u l a r ly  t ru e  while 

the p lan ts  w ere  young. Some additional  s te m  elongation was ob- 

ta ined  by moving  the p lan ts  f ro m  60 F  to 50 IT night t e m p e r a t u re  

90 days a f te r  seeding.  Stem weight was not g rea t ly  influenced by 

night t e m p e r a t u r e  and f lower co lor  was not affected .

The r e m o v a l  of the t e r m in a l  m e r i s t e m  (a "pinch") r e 

su lted  in p lan ts  with shor t ,  dense growth. P la n ts  "p inched" twice 

w ere  l a r g e r  and took 10 days longer  to f lower than those  "pinched" 

once.  When plants  w ere  "pinched"  th r e e  t im e s  the f lo w ers  which 

w ere  p roduced  w ere  app rox im a te ly  50 p e r  cent  s m a l l e r  in s ize .

It was re c o m m en d e d  tha t  p lan ts  be grown with one "pinch" except  

for  spec ia l  p u rp o se s  w here  a l a r g e r  p lant  would be p ro f i tab le  and 

then  two "p inches"  could be supplied.

When seed  was p lan ted  Sep tem ber  1st, 98 days w ere  r e 

q u i red  fo r  p roduct ion  of f lowering  pot p lants  with one "p inch" .  A 

schedule  for  the p roduc t ion  of a C h r i s tm a s  c rop  was sugges ted .

Some f lo re t s  w ere  o b se rv ed  to a b s c i s s  a f t e r  the p lan ts  had 

been  in the h o m es  1 to 3 days with many fal l ing a f te r  an  a v e rag e  of 

4 days in the home. S ev e ra l  m ethods  of p reven t ing  the f lo re t  a b s c i s 

sion w ere  a t tem pted ,  but no effect ive m ethod  was found. It was 

sugges ted  tha t  fu r th e r  work  with growth regu la t ing  su b s tan ces  m ight  

p rove  su ccess fu l .



F lo w e rs  w ere  p roduced  under both 8- and 16-hour  photo - 

p e r io d s .  A photoperiodic  inhibi tion of vegeta t ive  growth was o b se rv e d  

when the p lan ts  w ere  grown with 8 -hour  photoper iods  and the amount 

of inhibit ion i n c r e a s e d  with groups  of p lants  tha t  w ere  supplied with 

a g r e a t e r  num ber  of sh o r t  days .  A lo s s  of ap ica l  dominance was 

a lso  noted in those  p lan ts  supplied with 60 or  m o r e  8 -hour  pho to pe r iods .  

In o r d e r  to p roduce  a f lowering  Salvia p lant  with r e la t iv e ly  sho r t  

l a t e r a l s  of ap p rox im a te ly  the sam e  length, in the s h o r t e s t  pe r io d  of 

t im e  it was r e c o m m en d e d  that  the p lan ts  be supplied with 20 long 

days of 16-hour photoperiods followed by s h o r t  days cons is t in g  of 8-  

hour photoper iods  until  the p lants  w ere  in f low er .  In th is  ex p e r im en t  

the r e q u i r e d  t im e  was 98 days f r o m  the date of seeding.  It was 

m entioned  tha t  th e se  condit ions could be ap p rox im a ted  for  the p r o 

duction of a  C h r i s tm a s  c ro p  in Michigan by supplying the p lants  with 

the n a tu ra l  photoper iod .  P ho tope r iod  had no o b se rv ed  influence on 

the p lan ts  a f te r  they w ere  in f lower.

P la n t s  co n s is ten t ly  p roduced  g r e a t e r  height  in a l l  t r e a t 

m e n ts  when they w ere  grown in the fall with 70°F  and 50°F  roo t  t e m 

p e r a t u r e  with 100 p e r  cen t  and 63 p e r  cent  light in tens i ty ,  than  when 

they w ere  grown under  the sam e  conditions during the w in te r  m on th s .  

This  was thought to be caused  by a s h o r t e r  photoper iod  dur ing  the 

growth of the w in te r  c ro p .



Stem elongation was sl ightly g r e a t e r  when the p lants  

w e re  grown with reduced ,  than  when they w ere  grown with full l ight  

in tensi ty .

A m orpho lo g ica l  study of the f lower bud was m ade ,  in 

which five stages  in f lower  bud development w ere  a r b i t r a r i l y  d i s 

t inguished.

The p lan ts  grown with the 70°F  roo t  t e m p e r a t u r e  p r o 

duced ap p ro x im a te ly  twice as  m uch s tem  elongation as  the p lan ts  

grown with the 50°F  roo t  t e m p e r a t u r e ,  but the p lan ts  in a l l  of the 

t r e a tm e n t s  f low ered  o ve r  a p e r iod  of only 7 days.

The l a r g e s t  to p - ro o t  ra t io  was obtained f ro m  plants  grown 

with reduced  light in tens i ty  and 70°F  ro o t  t e m p e r a t u r e .

A ccord ing  to each  of the m ethods  of de te rm in ing  plant  

growth, the 70°F  roo t  t e m p e r a t u re  was found to favor the growth 

of Salvia m o re  than the 50°F  roo t  t e m p e r a t u r e .  The red u ced  light 

in tens i ty  f av o red  f lowering ,  s tem  elongation, and nu t r ien t  accum ula t ion  

m o re  than  full light in tens i ty .  Fu l l  light in tens i ty ,  however,  r e s u l t e d  

in g r e a t e r  accum ula t ion  of f r e s h  and dry  weight.

F i f te e n  f igu res  and n ine teen  tab le s  w ere  inc luded.
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1

INTRODUCTION

T here  is a l im i ted  se lec t ion  of f lowering p lants  ava ilab le  at 

C h r i s tm a s .  Salvia splendens  K e r-G aw l  (Salvia) has outstanding and 

a p p ro p r ia te  co lor ,  grows rap id ly ,  and a p p e a rs  to have poss ib i l i t i e s  

as  a popular  and prof i tab le  pot plant for  the C h r i s tm a s  m a rk e t .

In o r d e r  to produce  f low ers  for holiday m a r k e t s ,  a c c u ra te  

t im ing  of the c rop  is e s se n t ia l ,  and depends upon the re a c t io n  of the 

spec ie s  to light, t e m p e r a t u r e ,  and' the a r t i f i c ia l  condit ions of the 

g reenhouse .  D if fe rences  among cu l t iv a r s  in r e s p e c t  to env ironm en ta l  

r e sp o n se  a r e  also  im por tan t .

This  inves t iga t ion  was designed to study the v a r i e t i e s  and co n 

ditions m o s t  favorab le  for  the c o m m e rc i a l  g reenhouse  p roduction  of 

Salvia, i ts  su i tab il i ty  as a pot plant in the home, and to obtain i n f o r 

mation  concern ing  the influence of some env ironm en ta l  f a c to r s  on i ts  

g ro w th .



R E V I E W  O F  L I T E R A T U R E

T axonomy

In Hortus  Second, Bailey has d e sc r ib e d  the genus Salvia as 

belonging to the family  Labia tae  , which in genera l  has four angle 

s te m s ,  opposite  o r  whorled  leaves ,  i r r e g u l a r  two-l ipped gamopeta lous  

f low ers ,  two or four s tam ens ,  s u p e r io r  fou r - lo bed  ovary ,  two s t ig m as ,  

and f ru i t  of four o n e - se e d ed  nu t le ts .  Saunders  (1934) sta ted  that  while 

two p a i r s  of the s tam en s  develop, the p o s te r io r  p a i r  is r e p r e s e n te d  

by v e ry  sm a l l  lobe- l ike  e n la rg em e n ts .  Although only one p a i r  of fu n c 

tional  s tam en s  develop in Salvia (Salvia splendens)  and some o ther  

spec ie s ,  Saunders  (1934, 1940) o b se rv ed  that  n o rm a l ly  four an d ro ec iu m  

bundles a r i s e  f ro m  the c e n t r a l  cy l inder  in exactly the sam e way as  in 

those  spec ies  which produce  two p a i r s  of functional s ta m e n s .

Photope r iod

In 1891, Bailey r e p o r te d  being able to induce f lowering and 

seed fo rm a t ion  in spinach (Spinacia o le racea )  and le t tuce  (Lac tuca  

sativa)  with the use  of e le c t r i c  l igh ts  to lengthen the period ,  of i l l u m 

ination.  G a rn e r  and A lla rd  (1920) ex tens ive ly  inves t iga ted  the effect  

of the re la t ive  length of day on f lowering.  They t e r m e d  the r e s p o n s e  

of o rg a n is m s  to the r e la t iv e  length of day as pho to per iod ism , and



3.

c la s s i f ie d  plants  into th ree  gene ra l  groups in r e g a rd  to th e i r  r e 

sponse to photoperiod:  (1) spec ie s  whose f lowering is not affected  

by the dura t ion  of the exposure  to light, (2) spec ies  which f lower only 

when the dura t ion  of the exposure  to l ight is sh o r te r  than the c r i t i c a l  

pe r iod  for  f lowering,  and (3) sp ec ie s  which f lower only when the 

dura t ion  of the re sp o n se  to light is longer  than the c r i t i c a l .  In a d d i 

tion to f lowering  r e sp o n se ,  M urneek  (1948) o b se rv ed  a photoperiodic 

inhibit ion of vegeta t ive  growth with a sho r t  photoper iod  in p lants  that  

n o rm a l ly  f lowered  when supplied with a sho r t  photoperiod.  G a rn e r  

and A l la rd  succeeded  in inducing f lowering  and seeding in M aryland  

M am m oth  tobacco (Nicotiana tobacum) by exposing the p lan ts  to a 

" s h o r t "  l ight per iod .  Cosm os  (Cosmos bipinnatus) and po in se t t i a  

(Euphorbia  p u lc h e r r im a )  were  p reven ted  f ro m  flowering during the 

sho r t  days of the winter  months by i l luminating  the p lan ts  f ro m  s u n 

set  to midnight .  The f lowering  of p lan ts  in re sp o n se  to a sho r t  p h o to 

pe r iod  was be l ieved by H am ner  (1938) to be due to a s t im ulus  which 

was p roduced  by the leaves  of the plant  during  the d a rk  pe r io d .  D u r 

ing the succeeding  light pe r iod  this  substance was be l ieved to be 

b roken  down. H am ner  used  this  to explain why shor t  photoperiod 

p lants  f lowered  m uch  m o r e  quickly when supplied with a photoperiod  

decidedly l e s s  than the c r i t i c a l  than when supplied with one slightly 

l e s s  than  the c r i t i c a l .



4.

The work of G ilbert  (1926) ind ica ted that  r e s p o n s e  to photo - 

pe r iod  might  be influenced by t e m p e r a t u re  and humidity.  G i lb e r t  

(1926) o bse rved  in soybeans (Soya Max) and cotton (Gossypium sp. ) 

tha t  th e re  was a defini te  r e t a rd a t io n  of f lowering with lower t e m p e r 

a tu re  and h igher  humidity.  Cosm os  f lowered  e a r l i e r  with lower 

t e m p e r a t u r e  and h igher  humidity .  Salvia and buckwheat  (F agopyrum  

esculen tum ) p roduced  no change in photoperiod  r e sp o n se  as a r e s u l t  

of v a r ia t io n s  in t e m p e r a t u re  and humidity.

R o b e r ts  and S t ru ck m ey e r  (1938) found that  Salvia f lowered 

under a shor t  photoperiod  of 9 hours  and grew  vegeta t ively  under a 

long photoper iod  of 16 ho u rs .  A r th u r ,  Guthrie and Newell (1930) o b 

ta ined an abundance of f low ers  when Salvia p lan ts  w ere  exposed to a 

photoperiod  of 15 hours  or  l e s s .  H am ner  (1938) obtained f low ers  

f ro m  plants  of Salvia under a photoperiod  of 14 hou rs ,  but concluded 

tha t  the "num ber  of f low ers  p roduced  at this  photoperiod was g rea t ly  

influenced by the supply of n i t rogen" .

Light In tensi ty

A s m a l l e r  reduc tion  in l ight  in tens i ty was obtained under a 

cloth nett ing by Gray  (1934) on cloudy than on c l e a r  days.  A n g s t ro m  

(1919) d is t inguished  between rad ia t io n  f ro m  the sky and rad ia t io n  f ro m  

the sun and concluded that  the cloth net  shading m a te r i a l  cut out v e ry  

l i t t le  of the rad ia t ion  f ro m  the sky. This  rad ia t ion  f ro m  the sky was
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r e la t iv e ly  g rea t .  With a high sun and a c le a r  sky it was about 20 

pe r  cent  of the so la r  rad ia t ion ,  and its  p e rcen tag e  in c r e a s e d  rap id ly  

with in c re a s e  in c loud in ess .

Influence on P lan t  Growth: As ea r ly  as 1836 D au b e r ry  c o n 

cluded that light in tensi ty  had a g r e a te r  influence on plant p r o c e s s e s  

than did the heat  em it ted  by the light r a y s .

He sta ted ,  "Both the exhalat ion and the abso rp t ion  of m o i s tu r e  

by p lan ts ,  so far  as  they depend upon the influence of light, a r e  

affected in the g r e a te s t  degree  by the m o s t  luminous r a y s " .

Loom is  (1933) pointed out that  s ince the light r a y s  a r e  known 

to have a la rg e  influence upon pho tosyn thes is ,  growth subs tance  f o r 

m ation  and act ivi ty ,  and p igm enta t ion  in growing p lan ts ,  the light 

r a y s  can a lso  be expected to influence m o rp h o g en es is  and h is to g en s is .  

F u r t h e r m o r e ,  Huxley (1932) s ta ted  that it ap pea red  highly p robable  

that light e x e r t s  i ts  influence in the development of p lants  in many 

ways which a r e  not c le a r ly  unders tood .

Burkho ld er  (1936) p roduced  a r a th e r  thorough rev iew  of "The 

role of light in the life of p la n ts " .  In th is  rev iew  it was quite g e n e r 

ally ag re ed  that  th e re  is  an op tim um  light in tensi ty  for  the growth 

of each  sp ec ie s .  In the case  of many plants  this  op tim um  was found 

to be cons ide rab ly  l e s s  than full sunlight on a c le a r  day. Davis and 

Hoagland (1928) found t i s su e  fo rm a t ion  to be m o re  "eff ic ien t"  when
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the i l lum ina t io n  was d is tr ibu ted  at a m o d e ra te  in tensi ty  over a 

longer pe r iod  of t im e  than under the opposite  condit ions of high 

light in tens i ty  and shor t  dura t ion .  The optim um light  in tensi ty  for  

a given spec ie s  was o bse rved  by Combs (1910) and H earn  (1922) to 

change with the age of the plant .  As the p lants  grew  o lder ,  they b e 

cam e le s s  sens i t ive  to light and the light in tensi ty  which was o p t i 

m u m  for the produc tion  of dry  m a t t e r  in c re a s e d  with the in c re a s in g  

age of the p lan ts .

P o s t  (1931) and L au r ie  (1932) sugges ted  that  v a r ia t io n s  in 

plant  growth under reduced  light in tensi ty  might  be p a r t ia l ly  due to 

slow er  t r a n s p i r a t io n ,  h igher  humidity,  h igher  soil m o is tu re ,  and 

h igher t e m p e r a t u r e  under the shade s t ru c tu re .

In "The ro le  of l ight  in the life of p lan ts"  by B urkho lder  (1936) 

it was pointed out that  the effect of light in tensi ty  upon growth could 

be o b se rv ed  in c h a r a c t e r i s t i c  r e s p o n s e s  of the plant.  Stem e longa

tion, f r e s h  and dry  weight of s te m s  and roo ts ,  f lowering  and frui t ing ,  

m o is tu re  and nu t r ien t  accum ula t ion ,  and foliage s t r u c tu r e  w ere  all 

affected by the in tens i ty  of the light  under which the plants  were  

grown.

The p re s e n c e  of daylight tended to inhibit s tem  elongation of 

p lants  (Went, 1941). Went found that  the in tensi ty  of the sunlight was 

of g r e a t e r  im por tance  in inhibiting s tem  elongation in pea (P isu m



sa t ivum  var  . L it t le  M arvel)  than was the dura t ion  of the i l l u m in 

ation. The in tensi ty  of the sunlight was found by P o r t e r  (1936) to 

be in v e r se ly  re la ted  to the elongation of the s te m s  of tomato  (Lyco- 

p e r s i c u m  esculen tum ) p lants  grown under full in tensi ty ,  half in tensi ty  

and q u a r t e r  in tensi ty  of sunlight in the g reenhouse .  Popp (1926) o b 

se rv e d  tha t  the g r e a t e s t  s tem  elongation of soybeans grown under 

l ight in tens i t ie s  ranging  f ro m  26 to 4, 285 foot candles o c c u r r e d  under 

an i l lum ination  of 560 foot candles  and the l e a s t  amount of elongation 

took place  under an i l lumination  of 26 foot cand les .  In gene ra l ,  it 

ap p ea red  that  below a c e r ta in  m in im u m  in tensi ty  of l ight the in v e rse  

re la t io n  be tween light in tensi ty  and s tem  elongation d isa p p e a red  and 

s tem  elongation was inhibited by a se v e re ly  low light in tensi ty .

A r thu r  and Stewart  (1931) found that  the f r e s h  and dry  weights  

of s tem s  and roo ts  of p lan ts  grown under reduced  rad ia t ion  depended 

l a rg e ly  on the magnitude  of the total radiation,, When sunflower 

(Hel ianthus sp . ) ,  sa lvia ,  buckwheat ,  dahlia  (Dahlia sp . ) ,  and tobacco 

p lants  were  grown under  100, 78, 58 and 35 p e r  cent  tota l  rad ia t io n  

during June and July, all of these  plants  except Salvia p roduced  

g r e a t e r  f r e s h  and dry  weight of t i s su e  when the plants  w ere  shaded 

with cheesec lo th  than when the p lan ts  were  grown in the open sunlight, 

When these  sam e sp ec ie s  w ere  grown under the sam e conditions d u r 

ing August  and Sep tem ber ,  the p lan ts  grown in the open sunlight  p r o -



duced the m a x im u m  amount of dry  weight.

T e m p e r a tu r e  has been shown to be ve ry  im por tan t  in d e t e r 

mining the op tim um light  in tensi ty  for dry  weight accum ula t ion .

Bolas (1934) found that at a h igher t e m p e r a t u r e  a h igher  light in tensi ty  

p roved  op tim um  for dry  weight accum ula t ion .  He plot ted the r a te  of 

d ry  weight accum ula t ion  for  tom a toes  during a 7 -hour p e r io d  at 60, 75 

and 85°F  over a range  of in tensi ty  f ro m  100 to 1, 000 foot cand les .  At 

60°F  m ax im u m  dry  weight accum ula t ion  o c c u r r e d  at app rox im ate ly  

200 foot candles,  while at  75°F  it o c c u r r e d  at app rox im a te ly  750 foot 

candles  and at 85°F ,  1,000 foot cand les .

Much v a r iab i l i ty  in growth re sp o n se  to light in tensi ty  has been 

r e p o r te d .  The f r e s h  weight of potato (Solanum tuberosum ),  r a d i s h  

(Raphanus sa t ivus) ,  some p a r t s  of which w ere  underground p a r t s ,  

cotton and le t tuce ,  has been found by Shantz (1913) to in c re a s e  with 

d e c rea s in g  light in tensi ty  f ro m  50 to 15 p e r  cent of full sunlight  in 

Louis iana .  None of th ese  p lants  was able to grow beyond the seedling  

stage when the sunlight was reduced  to 6 p e r  cent  of full sun i ig h t0 No 

dry  weight d e te rm in a t io n s  w ere  m ade  by Shantz.

Shir ley  (1929) found that  the amount of dry  m a t t e r  p roduced  

by p lants  of sunflower (Helianthus annuus), geum (Geum sp . )  and 

buckwheat  was a lm o s t  d i rec t ly  p ropo r t iona l  to the light in tens i ty  up 

to the h ighest  in ten s i t ie s  availab le  under two 1500-watt incandescen t



l a m p s  with 12 hours  i l lum ina tion  daily. During the w in te r  months  

the dry  weight production  was a lm o s t  d i rec t ly  p ropor t iona l  to light 

in tens i ty  up to the h ighest  in tens i t ie s  available  in the g reenhouse .  

During the s u m m e r ,  these  p lan ts  exhibited a tendency tow ard  a s lower 

r a te  of d ry  weight p roduction  at the h igher in tens i t ie s  of i l lumination .  

Shir ley  fu r th e r  obse rved  that  the in tensi ty  of the sunlight of m i d 

s u m m e r  could be reduced  50 p e r  cent without g rea t ly  affect ing the 

growth of the p lan ts .  A fu r th e r  reduc t ion  to 20 pe r  cent of full light 

in tens i ty  caused  a d e c r e a s e  in dry  weight accum ula t ion .  This  could 

be c o r r e l a t e d  with the d e c re a s e  in light in tensi ty .  These  two o b s e r 

vations w ere ,  in gen e ra l ,  conf irm ed  by C lem ents  and Long (1934) 

us ing  sunflower and c la rk ia  (C la rk ia  elegans)  with t r e a tm e n t  of "full" ,  

32, 16, and 8 pe r  cent sunlight  as  fu rn ished  by lath ho u ses .  No c o n s 

tant  r e c o rd in g s  were  made of the in tens i ty .  Lubimenko (1908), w o r k 

ing with plants  of pine (Pinus sp. ), ash  (F rax in us  sp. ), and linden 

(Fil ia  sp. ) obtained r e s u l t s  which s e e m  to be s im i la r  to those  of 

Shir ley  (1929). Lubimenko m ade  no m e a s u r e m e n t s  of light in tensi ty  

and it is th e r e fo re  difficult to make a c o m p a r i so n  of data.  Chandler  

(1953) obtained in c r e a s e s  in f r e s h  weight p roduc tion  by ro s e  (Rosa 

hybrida)  p lan ts  under full sunlight as  com pared  to p lants  grown 

under rad ia t io n  reduced  by the use of l a y e r s  of cheesec lo th .  R eco rd s  

of the light in tens i ty  under  each  t r e a tm e n t  w ere  made with a Leeds  and
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N o r th ru p  Speedomax Type G r e c o r d e r .

G a rn e r  and A l la rd  (1920) obtained a definite d e c r e a s e  in the 

n u m b er  of f low ers  and f ru i t s  p roduced  on soybean plants  under r e 

duced light in tensi ty .  S im ila r  reduc tions  in f lower bud and fru i t  f o r 

m ation  w ere  o b se rv ed  by K rayb il l  (1923) when peach (P runus  p e r s ic a )  

and apple (Malus pumila) t r e e s  were  grown under red u ced  p reva i l ing  

daylight for a pe r iod  of th ree  y e a r s .  P o r t e r  (1936) obtained two- 

th i rd s  production  of tomato  f ru i t  when the light in tensi ty  was reduced  

50 p e r  cent  below n o rm a l ,  and one-ha lf  p roduction  when the light i n 

tens i ty  was cut 7 5 p e r  cent .  T im e of f lowering  and fru i t ing  of tom ato  

and a la rg e  num ber  of o ther  p lants  w ere  found to be delayed c o n s i d e r 

ably under low light in tensi ty  (Zill ich,  1926; Shir ley,  1929).

M odera te  va r ia t io n s  in soil  m o i s tu r e  were  found by Sh ir ley  

(1929) to cause  ins ign if ican t  changes  in the dry  weight p roduced  by 

plants  of tomato ,  tobacco,  geum, sunflower and o ther  p lan ts ,  p r o v id 

ing the m o is tu r e  content was not low enough to app roach  the wilting 

coefficient ,  or high enough to app roach  sa tu ra t ion .  V ar ia t ions  in light 

in tensi ty  cau sed  signif icant  d if fe rences  in the m o i s tu r e  content  of plant 

t i s s u e .  Accord ing to work of C lem en ts  and M ar t in  (1934) and K r a m e r  

(1940) with sunflower, and Bailey and Jones  (1941) with b lu e b e r ry  

bushes  (Vaccinium sp, ), w a te r  ab so rp t io n  by roo ts  showed a c lose  

re la t io n sh ip  to soil  t e m p e r a t u r e .  W ater  abso rp t ion  in c r e a s e d  with a
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r i s e  in t e m p e r a t u r e  to a m a x im u m  above which fu r th e r  in c r e a s e  

in t e m p e r a t u re  r e su l te d  in w ate r  abso rp t io n  at a s lower ra te  and 

in a s m a l l e r  quantity.  E i th e r  e x t re m e ly  low or high soil t e m p e r a 

tu r e s  caused  wilting when t r a n s p i r a t io n  was sufficiently high.

P o r t e r  (1936) working with to m a to es ,  and C handler  (1953) 

working with r o s e s ,  found that  plants  p roduced  a g r e a t e r  expanse  

of leaf  su r face  at lower  light in tens i t ie s ,  but the leaves  were  

th inner  and may have had l e s s  to ta l  m a s s .  The ep id e rm a l  ce l l s  

w ere  l a r g e r ,  s tom ates  m o re  n u m ero u s ,  and the m esophyl l  and m i d 

vein were  l a r g e r .  The g r e a t e r  expanse of leaf  su r face  under r e 

duced light in tensi ty  was found by Penfound (1931) to al low g r e a t e r  

exposure  and tended in some degree  to com pensa te  for  the s m a l l e r  

quanti ty of total  light rec e iv e d  p e r  unit of leaf  su r face  exposed .

P o r t e r  (1936) bel ieved that  the p a r t ia l ly  shaded leaves  of 

tomato used  th e i r  l im ited  supply of l ight m o re  eff iciently than the 

unshaded le av es  used  th e i r  n o rm a l  supply of l ight.  He even r e p o r te d  

a la rg e  va r ia t io n  in the abil i ty  of d if feren t  p lan ts  of the sam e spec ie s  

to ut i l ize the ava ilab le  light.

Influence on A b sc is s io n  Layer :  M yers  (1940) o b se rv ed  that

the pe t io le s  of Coleus (Coleus blumei)  tended to a b s c i s s  m o re  rap id ly  

when the p lan ts  w ere  p laced  in the da rk  than when the p lan ts  w ere  

p laced  in the l ight .  This  a b s c i s s io n  was found to be de layed if the



plan ts  w ere  t r e a te d  with 0. 5 to 1. 0 per  cent  of he te roaux in  in 

lanolin.  LaRue (1936) was able to delay the a b s c i s s io n  of pe t io les  

f ro m  which the leaf  b lades  had been rem oved  by t rea t in g  the tips 

of the pe t io le s  with 0. 5 p e r  cent  he te roaux in  in lanolin.

T e m p e ra tu r  e

It is thought that  each plant spec ie s  has an optim um  a i r  

t e m p e r a t u r e  for  growth (Burkholder,  1936). F o r  p r a c t i c a l  p u rp o ses  

P o s t  (1949) has l i s ted  op tim um  night a i r  t e m p e ra tu re  for  the growth 

of com m on g reenhouse  c ro p s .  F o r  salv ia,  P o s t  ag re ed  with R o b er ts  

and S t ru ck m ey e r  (1938) that  the optim um  night t e m p e r a t u r e  for  g r o w 

ing Salvia was be tween 55 and 60°F.

Holley (1942) s tated  that  the im por tance  of a i r  t e m p e r a t u re  

b ecam e in c reas in g ly  signif icant  as the light in tens i ty  d e c re a s e d .  He 

found that  with ca rn a t io n s  (Dianthus c a ry o p h y l lu s ) growing under a 

light in tens i ty  of 100 to 200 foot candles ,  the produc tion  of c a rb o h y 

d ra te s  was so low that  the amount of m a te r i a l  r e s p i r e d  eas i ly  e x 

ceeded tha t  m anufac tu red .

T e m p e r a tu r e  in the su rface  lay e r  of soil was effect ively  

reduced  by as much as  14°F by Dravid(1940) with the use  of m ulches  

of f re n c h  chalk,  with heavy w a te r in gs  equal to o n e - q u a r t e r  inch of 

ra in ,  and with cover ings  of vegetat ion.  A com p reh en s iv e  rev iew



of the im p o r tan ce  of soil t e m p e ra tu re  to plant  growth was p u b 

l i shed  by R ich a rd s ,  Hagen, and McCalla (1952). Doring (1935), 

Rouschal  (1935) and K r a m e r  (1942) concluded that  the im por tance  

of soil t e m p e r a t u r e  to growth v a r ied  with the plant  sp ec ie s .  In 

gene ra l ,  they found that  growth of t ro p ica l  p lants  could be m o re  

c lo se ly  re la te d  to soil t e m p e r a t u r e s  than could the growth of p lants  

nat ive to t e m p e ra t e  c l im a te s .

The optim um soil t e m p e r a tu re  for  forage  c ro p s ,  as m e a s u r e d  

by dry  weight production,  was found by Jones  and T isda le  (1921), 

D a r ro w  (1939), Stuckey (1942), Brown (1943), and E a r l e y  and C a r t t e r  

(1945) to v a ry  with v a r ie ty ,  but th e re  was a tendency for  top growth 

of each  c rop  to be reduced  by both excess ive ly  high and excess ive ly  

low t e m p e r a t u r e s .  S im i la r  r e s u l t s  were  obtained with cotton by 

Cam p (1927). Yield of f lo w ers  was o bse rved  to be reduced  by e i ther  

excess ive ly  high or  low t e m p e r a t u r e s  supplied to beans (Phaseo lus  

vu lgar is )  by B urkholder  (1920), and to r o s e s  by Pfahl  et. a l.  (1949), 

and Kohl et. a l . (1949). The work  of Jones  and T isda le  (1921) has 

been  in te rp re te d  by E a r l e y  and C a r t t e r  (1945) as showing a re la t io n  

between light  in tensi ty ,  roo t  t e m p e r a t u r e ,  and root  development in 

soybeans (Glycine Max). It was o bse rved  that  root  growth in c r e a s e d  

with i n c re a s e  in t e m p e r a tu re  f ro m  35 to 75°F,  but only to an extent 

l im i ted  by the light in tens i ty .



•Rober ts  (1953) o b se rv ed  a d i r e c t  c o r r e la t io n  between growth 

of a e r i a l  p a r t s  of the s t r a w b e r r y  ( F r a g a r i a  sp. ) and in c re a s e  in root  

t e m p e r a t u re ,  but this  posi t ive  c o r r e l a t io n  did not exis t  between roo t  

growth and roo t  t e m p e r a t u r e .  Consequently,  he concluded to p - ro o t  

ra t io  in c r e a s e d  as roo t  t e m p e r a t u re  in c re a s e d .  A p r o g r e s s iv e  d e 

c r e a s e  in the amount of ro s e  roo ts  was r e p o r te d  by Shanks and L au r ie  

(1949) when the roo t  t e m p e r a t u re  was in c re a s e d  f ro m  56°F to 72°F  

and the a i r  t e m p e r a t u re  was m ain ta ined  at 60°F  during the night. 

Cannon (1917) was able to in c re a s e  shoot growth under unfavorably  

low a tm o s p h e r ic  t e m p e r a t u r e  by m ain ta in ing  root  t e m p e r a t u r e s  f a v o r 

able for  good growth.  The m a tu r i ty  date of s tock  (Mathiola incana), 

ca lendula  (Calendula sp . ) ,  and snapdragon  (A nti r rh inum  m ajus)  was 

ob se rv ed  by Allen (1934) to be affected  ve ry  l i t t le  by va r ia t io n s  in 

soil t e m p e r a t u r e .

N u tr ien t  Absorp tion

F r o m  work  com ple ted  in 1933, Nightingale concluded that 

Salvia was v e ry  sens i t iv e  to the level  of n i t r a te s  in the n u t r ien t  so lu 

tion. Groups of Salvia p lan ts  were  grown for  8 weeks under a 7 -hour  

and a 17-hour photoperiod .  At the end of this pe r iod  the p lants  were  

t r a n s f e r r e d  to a 14-hour photoperiod .  Half of each group was supplied 

with a n u t r ien t  solution lacking n i t rogen  in c o n t r a s t  to the o ther  half



with a n i t r a te  nu t r ien t  solution. When the sho r t  photoperiod  plants  

w ere  given the n u t r ien t  solution m inus  n i t r a te ,  "they shed the ir  

b lo s so m s  p ro fuse ly  and continued to grow for th ree  and a half weeks 

when the e x p e r im en t  was d iscontinued".

Hagen (1952) has  r e p o r te d  that  he found it difficult to sep a ra te  

the effects  of low t e m p e r a t u r e  on the abso rp t ion  p ro c e s s  f ro m  those  

on t ra n s lo c a t io n  and a s s im i la t io n .  After  rev iewing the subject  of 

nu t r ien t  absorp tion ,  he concluded that  the re  was not suff icient  evidence 

available  to p rove  that  a reduced  r a te  of nu t r ien t  abso rp tion  was r e 

sponsib le  for  the slow growth of p lants  at low roo t  t e m p e r a tu r e .  

N e v e r th e le s s ,  Hoagland (1923) and Ashby and Oxley (1935) had p r e 

v ious ly  concluded that  n u t r ien t  abso rp t ion  by roo ts  was influenced by 

light in tensi ty ,  concen tra t ion  of the nu tr ien t  solution, aid t e m p e r a t u re .

Hoagland and Davis (1923) o b se rv ed  the ra te  of uptake of b rom ine  

and ch lo r in e  by N ite l la  ce l l s  to be m o r e  rap id  by i l lum ina ted  ce l ls  than 

by ce l ls  which w ere  kept  in the da rk .  The quality and quantity of light 

was not designated ,  but the concen t ra t ion  of b rom ine  and ch lo r in e  in 

the ce l ls  was p ro p o r t io n a l  to the num ber  of hours  of daily i l lumination .  

They explained that  "The ab so rp t io n  of ions by p lan ts  f ro m  dilute so lu 

tions involves energy  exchanges  with light as  the u l t im a te  sou rce  of 

the en e rg y " .

G racan in  (1932) r e p o r te d  no d if ference  in the ab so rp t io n  of



phosphorus  by p lan ts  of b a r le y  (Hordeum vulgare)  when shoots were  

i l lum ina ted  or  kept in the da rk .  K rayb il l  (1923) o bse rved  the leaf  

t i s su e  of apple and peach t r e e s  grown in the " shade"  to be c o n s i d e r 

ably h igher  in m o i s tu r e  and total  n i trogen  than the leaf  t i s su e  of 

t r e e s  grown in the sun. S im ila r  r e s u l t s  were  obtained by B lackm an 

and T em p lem an  (1940) with g r a s s e s  and c lover  (Tr ifo l ium  repens)  

com par ing  rad ia t ion  of 37 to 44 pe r  cent with full sunlight.

The m an g an ese  content  of leaves  of soybean (Glycine max),  

snapbean (P haseo lus  vu lg ar is ) ,  and tobacco was o bse rved  by McCool 

(1935) to d e c r e a s e  with d e c re a s e  in light in tensi ty .  P lan ts  were  

grown in soil  under  full, 58 and 35 p e r  cent  so la r  rad ia t ion ,  the r e 

duced rad ia t io n  being p rov ided  by ch eesec lo th  and unbleached m uslin .

A l a r g e r  amount of total  n i trogen ,  potash,  and phosphorus  

was accum ula ted  in coffee (Coffea a rab ica )  p lants  grown under full 

sunlight than was accum ula ted  in p lan ts  grown under definite  r e d u c 

tions of full so la r  r ad ia t ion  (A r r i l lag a  and Gomez,  1942; Tanada,  

1946). In the work of A r r i l l a g a  and Gomez (1942), the reduced  r a d i a 

t ion of tw o - th i rd s ,  one-half ,  o n e - th i rd  full sunlight was fu rn ished  

by la th  houses  with the la ths spaced to give the d e s i r e d  rad ia t ion .  

Solar  r ad ia t io n  r e c o r d s  w ere  supplied by M ic rom ax  r e c o r d e r s  and 

P y r h e l io m e te r  s .

Seedlings of a sh  w ere  grown by Ste inbauer (1932) under low
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l ight  in ten s i t ie s  of 31, 48, 70, and 130 foot candles  of i n c a n d e s 

cent  l ight with con tro l led  t e m p e r a t u re  and humidity,  The c o n c e n 

t r a t io n  of the n u t r ien ts  was va r ied  f rom  0.1 to 1.0 a tm o sp h e re  to 

t e s t  the effect  of n u t r ien t  supply upon the length of the p e r io d  of 

su rv iv a l  at subnorm al  light in ten s i t ie s .  Ste inbauer o bse rved  that 

a g r e a t e r  r e s p o n s e  to an in c re a s e  in n u t r ien ts  was found at the 

h igher  l ight  in tens i t ie s  but the m in im u m  light r e q u i r e m e n t  could 

not be low ered  by in c re a s in g  the amount of ava ilable  n u t r ien ts .

Wanner (1948a, b) suggested  that  sa l t  ab so rp t ion  from  higher 

c oncen t ra t ions  was l e s s  dependent upon t e m p e r a t u re  than sal t  

abso rp t ion  f ro m  lower concen tra t io ns  because  le s s  energy  was 

r e q u i r e d  to com ple te  the abso rp tion  of the sa l t .  This  th eo ry  was 

supported  by r e s u l t s  obtained by R ober ts  (1953) with s t r a w b e r ry .

He found tha t  the concen t ra t ion  of p o ta ss ium ,  phosphorus ,  and boron 

in both le aves  and roo ts  of p lan ts  grown at 45, 55, 65, and 75°F 

root  t e m p e r a tu re  could be c lo se ly  c o r r e l a t e d  with the concen tra t ion  

of sa l ts  in the nu t r ien t  solution. It was found fu r th e r  that root  t e m 

p e r a tu r e  was an insignif icant  fac to r  in the concen t ra t ion  of a sh  in 

the a e r i a l  po r t io ns  of the p lan ts .  The concen tra t ion  of ash  in the 

ro o ts  in c r e a s e d  with t e m p e r a tu re  above 55°F.  At 45 and 75°F  root  

t e m p e r a t u r e  the ash  content of the ro o ts  was ins ignif icantly  d i f f e r 

ent. R o b e r t s ,  a lso ,  th e o r iz ed  that  th is  could have been due to the
o

reduc t ion  in growth at  the 45 F  roo t  t e m p e r a t u re .
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PROCEDURE 

T e s t s  of C u lt iva rs

In o r d e r  to c o m p a re  the habit of growth of d if fe ren t  c u l t i 

v a r s ,  six p lan ts  of each  of ten  c u l t iv a r s  of Salvia splendens were  

grown in 6 -inch pots  in the g reenhouse  with a 60° F a h re n h e i t  night 

t e m p e r a t u re  (F N T) during the months  of March,  Apri l  and May,

1953 . The c u l t iv a r s  used  were :  St, Johns F i r e ,  Vaughn's  M a s t e r 

piece,  Splendens A m e r ic a ,  A m e r ic a  for  Zuruch,  C la r a  Bedman,  

Splendens S ca r le t  Sage, Splendens B r ig h tn ess ,  Rose F la m e  (furnished 

by Vaughn's  Seed Company,  Chicago, I ll inois) ,  Bonfire,  and Blaze 

of F i r e  (Ball Seed Company,  West Chicago, I ll inois) .  An 8 -hour 

photoperiod  was p rov ided  by covering  the p lan ts  with a b lack  sa teen  

cloth f ro m  16:30 to 08:30 h o u rs  E a s t e r n  Standard T im e.  T hree  plants  

of each cu l t iva r  w ere  pinched (cu ltu ra l  t e r m  used  to d e sc r ib e  the r e 

moval  of t e r m in a l  growth) d is ta l  to the th i rd  node and th ree  plants  

were  allowed to grow without pinching.

E ach  cu l t iv a r  was c o m p a red  on the b as is  of f lower co lor ,  

plant  height,  p lant  shape with and without pinching, date of f lowering 

(four whorls  of expanded sepals ) ,  and num ber  of f lower shoots  p e r  

p l a n t .
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In te rac t ion  of Cold T re a tm e n t  and Growth

To d e te rm in e  the effect of a cold t r e a tm e n t  on young plants ,  

p lants  of the cu l t iv a r ,  A m e r ic a  w ere  planted in 4- inch  pots ,  grown 

in the g reenhouse  at  50 and 60° F N T without pinching, and supplied 

with the following six t r e a tm e n t s ,  using five p lants  p e r  t re a tm en t :

(a) P la n t s  grown at 50° F  N T in the greenhouse

1. Continual 50° F  N T

2. Constan t  40° F  T (F ah renhe i t  t e m p e ra tu re )  for

7 days as  soon as plants  had re a ch e d  a two-node

seedling stage 

o
3. Constan t  40 F  T for  7 days as soon as p lan ts  had

reach ed  a four-node  seedling stage

(b) P lan ts  grown at 60°F  N T in the g reenhouse

1. Continual 60° F  N T

2. Constant  40° F  T for  7 days as soon as  plants  had

reach ed  a two-node seedling stage

3. Constan t  40°F  T for  7 days as soon as p lan ts  had

re a ch e d  a four-node  seedling stage

The 7 -day cold t e m p e r a t u re  t r e a tm e n t s  cons is ted  of placing 

the p lants  in a 40°F  cons tan t  t e m p e r a t u re  cham ber  w here  they were  

i l lum ina ted  with 200 foot candles  of f lo re sc en t  light for  12 hours  a 

day. After  the cold t e m p e r a t u re  t r e a tm e n t ,  the p lan ts  w ere  r e tu rn e d



to the g reenhouse  to 50 and 60° F N T re sp ec t iv e ly ,  and allowed 

to grow to m a tu r i ty .  Rate  of shoot elongation, date of f lowering 

and f r e s h  weight of the a e r i a l  por t ion  of the p lants  were  re c o rd ed .

In te rac t io n  of Night T e m p e r a tu r e  and Growth

It was d e s i r e d  to study the growth re sp o n se  of Salvia grown 

o
at 50 and 60 F  N T without pinching. Seeds of cu lt iva r  A m e r ic a

were  sown F e b r u a r y  1, 1952. One hundred  and sixty p lants  were

o
grown in 4 - inch  pots  at 50 and 60 F  N T, The seedlings were 

p lanted  in 4 - inch  pots 37 days a f te r  seeding.  Ninety days a f te r  seed 

ing 40 p lants  f ro m  each t r e a tm e n t  w ere  moved to the opposite  t e m 

p e r a tu r e  to com ple te  th e i r  growth.

The r a te  of shoot elongation and date of f lowering at the 

d if feren t  t e m p e r a t u r e s  was rec o rd ed .  O bse rva t ions  were  made 

on foliage and f lower bud ap p ea rance .

F o r m  of P lan t

In growing a g reenhouse  c rop  it is helpful to know how 

many t im e s  the shoots  of a plant should be "p inched11 to produce  

d e s i r a b le  p lan ts  m o s t  rapid ly .  Seeds of cu lt iv a r  A m e r ic a  w ere  

sown on O cto ber  14, 1952, and a l lowed to g e rm in a te  at 60° F N T. 

Twenty^one days a f te r  seeding  the seedlings  were  t r an sp lan ted .
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T h i r ty - f iv e  days a f te r  seeding the p lan ts  were  placed in 6 -inch 

pots ,  and supplied with the following four t r e a tm e n t s ,  using 15 

p lants  p e r  t r e a tm e n t ;

1. P la n ts  not "p inched1'

2. P lan ts  "pinched" once d ista l  to the th ird  node, 49 days

a f te r  seeding

3. P la n t s  "p inched"  twice,  once d is ta l  to the th i rd  node of

t e r m in a l  shoot, and once d is ta l  to the th i rd  node of p r i 

m a ry  l a t e r a l  shoots ,  83 days a f te r  seeding

4. P la n t s  "p inched"  th re e  t im e s ,  once d is ta l  to the th i rd  node

of t e r m in a l  shoots , once d is ta l  to the th i rd  node of p r i 

m a r y  l a t e r a l  shoots ,  and once d is ta l  to the th i rd  node of 

seconda ry  l a t e r a l  shoots 106 days a f te r  seeding.

The date of f lowering  as well as  the fo rm  of the plant produced 

under each  t r e a tm e n t  was r e c o rd e d .

T iming of a C o m m e rc ia l  Crop

Seeds of cu l t iva r  A m e r ic a  w ere  planted on August 15, S e p te m 

b e r  1, and Sep tem ber  15, 1953, The seedlings w ere  t r a n sp la n te d  in 

f lats  20 days a f te r  seeding .  F o r ty  days afte r  seeding,  the p lants  were  

potted in 6 - inch  pots ,  and the t e rm in a l  growth d is ta l  to the th i rd  node 

was rem oved .  E ach  group was grown in the g reenhouse  at 60° F  N T



with 15 p lants  in the August 15, and Sep tem ber  15 plantings,  and 50 

p lants  in the Sep tem ber  1 planting.  F if ty plants  f ro m  the group sown 

on Sep tem ber  1 w ere  grown by the M oles ta  F lo r a l  Company, Grand 

Rapids,  Michigan,  and 50 p lants  were  grown by the Wayside G r e e n 

houses ,  I thaca,  Michigan,  All of the plants  were  potted in 6-inch  

pots ,  and pinched once at the th ird  node of the t e rm in a l  shoot. Data 

w ere  co l lec ted  on the r a te  of bud development and date of f lowering.

Keeping Quality

To co llec t  in fo rm ation  on co n su m er  opinion of keeping q u a l 

ity, th i r ty  p lan ts  of the cu lt iv a r  A m e r ic a  were  p laced  in homes in 

the a r e a  of E a s t  Lansing ,  Michigan, in the custody of r e s id e n t s  for 

15 days.  Q u es t io n n a i re s  (Table 1) were  supplied to obtain opinions 

of the c o n su m e r .  It was explained to the r e s id e n ts  that f lo re t  drop 

r e f e r r e d  to the a b s c i s s io n  of the individual l a t e r a l  f lo re t s .

P r e l i m i n a r y  t e s t s ,  us ing four plants  p e r  t r e a tm e n t ,  were  

made to study the effect of th re e  t r e a tm e n ts  on keeping quali ty.

1. 60° F  N T supplied 21 days before  f lowering  with

chem ica l  t r e a tm e n t  of 12. 5 ppm  of pa ra -ch lo ro p h en o x y

ace tic  acid applied  by the dip method

2. 50° F  N T supplied 21 days befo re  f lowering,  no chem i

cal  t r e a tm e n t

3. 60° F  N T supplied 21 days before  f lowering,  no chem i

cal  t r e a tm e n t
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T A B L E  1

QUESTIONNAIRE FOR OBTAINING PUBLIC OPINION OF SALVIA PLANTS

It would be a p p re c ia te d  if you will accep t  this  sa lv ia  plant  and 
c a re  for  it as  is your usua l  p r a c t i c e .

P le a s e  r e c o r d  the following in form ation  and r e tu r n  fo rm  to 
Calvin C. Cooper ,  D ep a r tm en t  of H o r t icu l tu re .

PLEA SE CHECK;

1. How often a r e  you w ate r ing  the p lan t?

E v e ry  day 3 t im es  a week once a week

What so u rce  of heat  do you have in your hom e?

F o rc e d  a i r Steam Hot Water

What type of fuel do you use  ?

C oal Oil Gas

What was the ap p rox im a te  room te m p e r a t u r e  ?

85° 75 ° 65° 55°

Was the plant

In e a s t  window In south window In west  window

In n o r th  window N ear  a window F a r  f ro m  window

6. Date th ree  le av es  had f a l l e n _________________________________

Date six leaves  had f a l l e n ____________________________________

Date many leaves  had f a l l e n _________________________________

7. Date th r e e  f lo re t s  had f a l l e n  ; Date six f lo re t s  had

fal len  ;Date m any f lo r e t s  had fa l len
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TABLE 1 (Continued)

8. Date of d i s c a rd  of plant

9. Would you be incl ined to buy one of these  plants  f rom  a f lo r i s t  at 
2 /3  the p r ic e  of a p o in se t t i a ?  yes p e rh ap s  no

10. G enera l  opinion of plant  as pot plant  for the home: 

Good F a i r  Poor

Any co m m en ts  on r e v e r s e  of page
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At the date of f lowering  two plants  f rom  each of the th ree  

t r e a tm e n t s  r e m a in e d  in the g reenhouse  with 60° F  N T and two plants  

w ere  moved to a ro o m  t e m p e r a t u r e  of 70° F for  obse rva tion .

In te rac t io n  of Pho toper iod  and Growth

Salvia has  been  r e p o r te d  to produce  f lowers  only when it 

was grown under  ITsho r t  days" .  To fu r th e r  study this  r e sp o n se ,  20 

p lants  of the cu l t iv a r  A m e r ic a ,  f ro m  .seed planted Septem ber 15, 1953 

w ere  grown in 6 -inch  pots .

L ight  p e r io d s  of 16 and 8 hours  were  applied in 24-hour  cycles ,  

the rem a in in g  hours  of each  24 cons is t ing  of d a rk n e s s .  The following 

com binations  of photoper iod  were  used with four plants  in each t r e a t 

ment:

1. 16-hour l ight  pe r iod  for  110 days followed by 8-hour  

l ight  pe r iod  for 0 days

2. 16-hour  light p e r iod  for  65 days followed by 8 -hour 

l igh t  p e r io d  for 45 days

3. 16-hour light  pe r iod  for  50 days, followed by 8 -hour  

light p e r io d  for  60 days

4. 16-hour light pe r iod  for  35 days,  followed by 8 -hour  

light p e r io d  for  75 days

5. 8 -hour  l ight p e r io d  for  110 days followed by 8 -hour 

l ight pe r iod  for  0 days
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All of the p lan ts  w ere  pinched 35 days a f te r  seeding, and only four 

l a t e r a l s  w ere  al lowed to develop pe r  p lant .

At the end of 110 days two plan ts  f ro m  each t r e a tm e n t  w ere  

p laced  in a 16-hour  photoperiod  and two in an 8 -hour photoperiod  for  

10 days.  The 16-hour  photoperiod  was supplied by extending the n o r 

m al daily p e r io d  of l ight  with 100 foot candles of incandescen t  light 

f ro m  04:00 to 2 0 :0 0  ho u rs .  The 8 -hour  photoperiod was supplied by 

reduc ing  the n o rm a l  daily p e r io d  of light by moving the p lants  into a 

d a rk  c h a m b e r  be tw een  16:30 and 08;30 hours .  The date of f lowering 

was r e c o rd e d .  O b se rva t ions  were  m ade  on the appea rance  of the 

p lan ts  and f low ers  grown under each photoperiodic t r e a tm e n t .

In te rac t io n  of Root T e m p e r a tu r e  and Light Intensi ty

With Growth

F o u r  con tro l led  t e m p e r a t u re  tanks cons is t ing  of l a rge  insu la ted  

vats  of w a te r  w ere  c o n s t ru c te d  with heating and r e f r ig e r a t io n  co ils .  

T h e rm o s ta t s  con tro l led  the t e m p e r a t u re  of the roo t  m ed ium  within a 

t h r e e - d e g r e e  range  (F igure  6). E a r th e n w are  c rocks  were  suspended 

in the w a te r .  T hese  c ro c k s  contained qua r tz  sand and 0 .5  Hoagland 's  

com ple te  n u t r ien t  solution (Hoagland and Arnon, 1950) in which the 

p lan ts  w ere  p laced .  Each  week the sand in which the p lants  were  g ro w 

ing was d ra in ed ,  leached  with one l i t e r  of d ist i l led  w a te r ,  and d ra ined
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again .  The d ra in s  were  then c losed  and one l i t e r  of nu tr ien t  so lu 

tion was added and allowed to r e m a in  in the c ro c k s .  If n e c e s s a ry ,  

an addit ional  on e -h a l f  l i t e r  of nu t r ien t  solution was added during the 

pe r iod  be tw een  teach ings .  This  was m o re  often n e c e s s a r y  at the 7 0 ° F ro o t  

t e m p e r a t u re  than at the 50°F  root  t e m p e r a tu re .

Seeds of cu l t iva r  A m e r ic a  were  sown in soil on Sep tem ber  23 

and al lowed to g e rm in a te  at  60° F N T. The seedlings were  allowed 

to grow in soil  for  a pe r iod  of 35 days when they had p roduced  a p p ro x 

im ate ly  th re e  to four nodes of vege ta t ive  growth. At that t ime they 

were  rem o v ed  f ro m  the soil,  and a f te r  the roo ts  were  thoroughly and 

ca re fu l ly  washed,  the p lan ts  were  placed in the sand in the constant  

t e m p e r a t u r e  tanks  to grow to m a tu r i ty .  The following t r e a tm e n t s  were

a r r a n g e d  with 24 p lan ts  pe r  t r ea tm en t :

o
1. 50 F  roo t  t e m p e r a t u r e ,  63 p e r  cent  sunlight

o
2. 50 F  roo t  t e m p e r a t u r e ,  100 per  cent  sunlight

o
3. 70 F  roo t  t e m p e r a t u r e ,  63 p e r  cent  sunlight

o
4. 70 F  roo t  t e m p e r a t u re ,  100 p e r  cent  sunlight

o
The a i r  was 60 F  N T in each t r e a tm e n t .  ■ The light in tensi ty  

was reduced  on the two t r e a tm e n t s  with the use  of cheesec lo th  c o v e r 

ing {Figure 6). The p lants  were  grown at  the n o rm a l  photoperiod  

(approx im ate ly  10. 5 to 12. 5 hou rs  of daylight) o c c u r r in g  at E a s t  Lansing,  

Michigan,  during  O cto ber ,  N ovem ber ,  and D e c e m b e r .  Date of f lowering,
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height  of p lan ts ,  f r e s h  and dry  weight of s tem s ,  f r e s h  and dry 

weight of ro o ts  w ere  r e c o rd e d .  O bserva t ions  were  made on foliage 

and f lower size  and co lo r .

The n u t r ien t  content  of s tem  and roo t  t is sue  was de te rm ined  

as a p e rc en ta g e  on oven dry  weight b a s i s .  Total NO^ was d e te rm in ed  

by the modified  Kjeldahl  method ,  ^ 2 ^ 5  p rec ip i ta t ion  as am m onium  

phospho molybdate  and vo lum etr ic  evaluation,  and by the f lame

pho tom ete r  .

The p rev io u s  roo t  t e m p e r a t u r e  e x p e r im en t  was rep ea ted  by 

sowing seeds  on D ecem b er  1, 1952, and moving the p lants  to the sam e 

tanks 40 days a f te r  seeding .  The plants  w ere  grown as be fo re ,  and 

at the n o rm a l  photoper iod  (approx im ate ly  10 to 12 hours  of light) 

■occurring in E a s t  Lansing ,  Michigan, during Jan u a ry ,  F e b ru a ry ,  

and M arch .  At 72-hour  (3 -day) in te rv a ls  the t e rm in a l  bud was r e 

moved f ro m  one plant  in each  t r e a tm e n t  and ki lled and fixed in FAA. 

The buds w ere  dehydra ted  and c le a re d  with the ethyl alcohol,  c h lo r o 

fo rm  s e r i e s  and embedded in para ff in .  Longitudinal sec t ions  were  

cut 10 m ic ro n s  in th ick n ess ,  s ta ined with Conant 's  quadruple  sta in 

and mounted p e rm a n e n t ly  in Canada ba lsam .  Rate of bud development,  

date of f lowering,  height of p lan ts ,  f r e s h  and dry  weight of s te m s ,  and 

f r e s h  and d ry  weight of roo ts  w ere  rec o rd ed .  O bserva t ions  w ere  

m ade  on fol iage and f lower size and co lo r .



A continuous re c o rd in g  of the light in tens i ty  in the d if ferent  

t r e a tm e n t s  was m ade  with a L eeds  and N or th rup  Speedomax type G 

r e c o r d e r .  The n u t r ie n t  content  of s tem  and of roo t  t i s su e  (NO^, 

and K2 O) w ere  d e te rm in e d  as be fo re .

RESULTS 

T e s t s  of C u lt iva rs

The p lan ts  of a l l  of the c u l t iv a r s  used in this  co m p ar iso n  

w ere  p lan ted  in seed  f la ts  19 days a f te r  seeding.  The t e rm in a l  growth 

was rem o v ed  d is ta l  to the th i rd  node 36 days a f te r  seeding  when the 

p lants  w ere  p laced  in 6 -inch pots .

At the t im e  of f lowering  the ' 'pinched" p lants  w ere  s h o r te r  

and m o r e  dense  in th e i r  growth habit  than the "non-p inched"  plants  

of the sam e  cu l t iv a r .  An ave rag e  of 2, 3 m o re  f low ers  and 4. 6 fewer 

l a t e r a l  f lower buds w ere  produced  on "p inched"  p lan ts  than on p lan ts  

th a t  w ere  not "p inched".  In genera l ,  at the 5 p e r  cent  level  th e re  

w ere  no s ign if ican t  d i f fe rences  in the num ber  of l a t e r a l  f lower buds 

and f low ers  p roduced  among the c u l t iv a r s .  The only case  of s ig n i f i 

cance  was w here  p lan ts  of cu lt iva r  Rose F la m e  p roduced  no l a t e r a l  

f lower buds on the non-p inched  p lan ts .  This was sign if ican tly l e s s  at 

the 1 p e r  cent  level .
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B ased  on p lants  tha t  w ere  pinched once, the cu l t iv a r s  of 

Salvia grown a p p e a re d  to be of th ree  genera l  types of growth;

1. Dwarf; C u l t iva rs  St, John 's  F i r e  and Vaughn's  

M a s te rp ie c e  w ere  included in this  type. The p lants  av e raged  17. 0 

to 17,5 c e n t im e te r s  in height , which was signif icantly sh o r te r  at 

the 1 p e r  cent  leve l  than  p lan ts  of the s e m i -d w a r f  and ta l l  types.

They developed a shor t ,  dense  type of growth (F igure  1) and p r o 

duced f low ers  of b r i l l i a n t  r ed  color .

2. Sem i-dw arf ;  C u l t iv a rs  Splendens A m er ica ,  A m e r 

ica  for  Zuruck ,  Bonfire ,  B laze of F i r e ,  and Rose F la m e  w ere  of 

this  type. The p lan ts  a v e rag ed  21.2 to 27 .0  c e n t im e te r s  in height 

which was s ignif icantly  t a l l e r  than the dwarf  and signif icantly 

s h o r t e r  than the ta l l  group at the 1 pe r  cent  level .  The cu l t iva rs  

p roduced  a m o d e ra te ly  shor t ,  dense type of growth (F igure  2), and 

b r i l l i a n t  r e d  f lo w ers  with the exception  of cu lt iva r  Rose F la m e .

This cu l t iv a r  p roduced  light pink f lo w ers .

3. Tall : C u l t iv a r s  C la r a  Bedman,  Splendens S ca r le t

Sage, and Splendens B r ig h tn ess  w ere  of this  type. The p lan ts  a v e r 

aged 35. 0 to 47. 0 c e n t im e te r s  in height which was signif icantly

t a l l e r  than the o th e r  two types at  the 1 per  cent  level .  They developed a 

ta l l ,  open, type of growth (F ig ure  3), but did p roduce  f low ers  of 

b r i l l i a n t  r e d  co lo r .



F ig u re  1. Salvia plant of the dwarf  type exhibiting the shor t ,  

dense growth typical  of this  group.



F i g u r e  1



F ig u r e  2. Salvia p lan t  of the s e m i - d w a r f  type exhibiting the

m o d e ra te ly  shor t ,  dense  growth typica l  of this  group.



F i g u r e  Z



F ig u r e  3, Salvia plant  of the ta l l  type exhibiting the tal l ,  

open growth typica l  of this  group.
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T A B L E  3

In te rac t io n  of Cold T re a tm e n t  and Growth 

50°F  N T 60°F  N T
Continual  40°F  T e m p , at Continual 40°F Temp, at
50°F  N T  2 Node 4 Node 6 0 ° F N T  ~2 Node 4 Node

T im e  for F low er in g  (Days)

124.4 126.4 123.8 103.4 107.4 105.4
L . S. D. 5% 3. 9 
L. S. D. 1% 5 .3

Stem Elongation (C e n t im e te r s )

26 .30  26 .70  25 .60  35 .90 35.10 35.30
L. S, D. 5% 10. 34 
L.  S. D. 1% 13, 99

Total  Stem Weight (Grams)

44 .60  55.20 41.80 44.72 39.36 52„ 30
L. S. D, 5% 11. 46 
L. S, D . 1% 15. 51

Stem Weight pe r  Unit Stem Length (Gm/Cm)

1.746 2.134 1.638 1.254 1.122 1.430
L. S. D. 5% 0. 328 
L .  S. D. 1% 0. 443

TABLE 4

Effect  of Night T e m p e r a tu r e  on Height of P lan ts

T r  ea tm ents
Days

50°F N T 50° to 60° F  N T 60° to 50°F N T 60°F N T

A verage  Height in C e n t im e te r s

30 1. 41 1. 43 2. 70 2. 69
60 4. 65 4. 28 18 . 28 17. 85
90 20. 53 21. 33 - - - - - -

115* 26. 28 29. 72 38. 38 35. 94

L. S. D. ** 5% 1. 20 
L . S . D .  1% 1.59

'■'Average num ber  days.  M e a s u re m e n ts  made at date of f lowering 
’̂ ■'Between t r e a tm e n t s .



The num ber  of days r e q u i r e d  for  f lower production  var ied  

with the c u l t iv a r .  A pprox im ate ly  7 days le s s  was r e q u i re d  for  f lo w e r 

ing of the dwarf  c u l t iv a r s  than was r e q u i r e d  for m o s t  of the s e m i 

dwarf  and tal l  c u l t iv a r s .

In te rac t io n  of Cold T re a tm e n t  and Growth

Total  s te m  weight and s tem  elongation were  not s ignif icantly 

influenced by cold t r e a tm e n t  (40°F constant  t e m p e r a t u re  for  7 days) 

r e g a r d l e s s  of w hether the p lan ts  w ere  provided with a 50° or  60° F  N T.

The n u m b e r  of days r e q u i r e d  for  f lowering when plants  were  

supplied with a 50°F  N T was not s ignif icantly influenced by cold t r e a t 

m en ts .  The p lan ts ,  when supplied with a 60° F  N T and a cold t r e a tm e n t  

at  the 2 -node stage ,  r e q u i re d  a s ignif icantly g r e a t e r  num ber  (four) of 

days fo r  f low ering  to occur ,  than was r e q u i r e d  for  those  supplied with 

60°F N T and no cold t r e a tm e n t .  When t r e a te d  at the four-node  stage 

the in c re a s e  (two days) over  the plants  given no cold t r e a tm e n t  was 

not s ignif icant .

Stem weight p e r  unit of s tem  elongation in plants  growing at 

50°F  N T was i n c re a s e d  (0. 388 g ram s)  signif icantly by the cold t r e a t 

m en t  supplied  at  the two-node stage,  but not when the cold t r e a tm e n t  

was supplied at the fou r-node  stage .  With plants  grown at the 60 F N T 

the s tem  weight p e r  unit of s tem  elongation was not s ignif icantly in-



f luenced  by the cold t r e a tm e n t  supplied at the two- or  the four-node  

stage (Table 3).

In te rac t io n  of Night T e m p e r a tu r e  and Growth

Salvia p lants  grown at the 50° F  N T becam e  chloro tic  and 

grew  slowly for  60 days .  N e c ro s i s  did not develop and the plants  

gradua lly  reg a in ed  th e i r  g reen  color  within 30 m o re  days,  and 

grew to m a tu r i ty .  The growth in c re m e n t  as influenced by night t e m 

p e r a tu r e  (Table 4) shows quite c le a r ly  the r e ta rd a t io n  of growth at 

50 F N T during  the f i r s t  60 days,  and the in c re a s e  in growth ra te  

a f te r  this  pe r io d .  Moving p lan ts  to the opposite  t e m p e r a tu re  90 days 

a f te r  seeding gave in c r e a s e s  in f inal  s tem  elongation which in both 

groups were  s ignif icantly  g r e a t e r  when co m p ared  to the elongation 

of the p lan ts  tha t  continued to grow at the o r ig ina l  t e m p e ra tu re .  Both 

groups of p lan ts  which w ere  grown at 60°F N T during the f i r s t  90 

days of the e x p e r im en t  p roduced  app rox im ate ly  9 c e n t im e te r s  m o re  

elongation than the groups grown.a t  50°F N T. These  d if fe rences  

were  highly signif icant .

The f lo w ers  produced  in all t r e a tm e n ts  were  e s sen t ia l ly  

equal in co lo r  and quali ty.  F low er ing  at 50° F  N T r e q u i re d  17,3

m o re  days on the a v e ra g e  than did f lowering at 60°F  N T. P lan ts

o °grown at 50 F  N T dur ing  the f i r s t  90 days and at 60 F  N T during
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T A B L E  5

Effec t  of Night T e m p e r a tu r e  on Rate and Amount of Growth

T re a tm e n t  s

Li* S„ D. 50°F N T 50° to 60°F N T 60° to 50°F  N T 60°F N T

T im e f ro m  Seed to F lo w er  (Days)

124.3 122.0 107.0 107.0
5% 2. 03 
1% 2. 69

Total  A verage  Stem Weight at F lo w er ing  (Grams)

46 .20  44 .45  48.18 44 .00
5% 4. 06 
1% 5 .37

A verage  Stem Weight p e r  C en t im e te r  of Stem Length (Grams) 

1.76 1.50 1.26 1.22
5% 0. 20 
1% 0. 26

TABLE 6

A verage  N um ber  of Days R equired  for F low ering  with Respec tive  
N um ber  of " P in c h e s "

T r ea tm ent

No "P inch"  One "P in ch"  Two "P in c h e s"  T hree  " P in c h e s 1

Days 102 126 136 146



F ig u re  4. Salvia plant grown without "p inching" .

F ig u re  5. Salvia plant  growh with two "p in ches" ;  one applied 

d is ta l  to the th i rd  node of the t e rm in a l  shoot, and 

one d is ta l  to the th ird  node of the p r i m a r y  l a t e r a l  shoots .





the r e m a in d e r  of the e x p e r im en t  f lowered  on an ave rag e  of 2. 3 days 

e a r l i e r  than p lan ts  grown the en t i re  t im e  at 50°F N T. Moving plants  

f ro m  a 60°F  N T to a 50 F  N T 90 days a f te r  seeding did not s ig n i 

f icantly affect  the n u m b er  of days r e q u i r e d  for  f lowering  (Table 5).

T h e re  w ere  no signif icant  d i f fe rences  between the t r e a t 

m en ts  in to ta l  s te m  weight p e r  plant.  T h e re  seem ed  to be a t rend  

toward  g r e a t e r  s te m  weight pe r  c e n t im e te r  of s tem  length in plants  

grown at  the 50°F  N T (Table 5). The d i f fe rences ,  howe ver ,  were  

not s ign if icant .

F o r m  of P lan t

The "non-p inched"  t r e a tm e n t  p roduced  no l a te r a l  b ranching 

of the p lan t  at  the t im e  of f lowering,  and consequently produced  

p lants  with u n d e s i ra b le  fo rm  s im i la r  to that in F ig u re  4. If the 

plants  w ere  al lowed to continue to grow in the greenhouse  for a p p ro x 

im ate ly  30 days l a t e r a l  b ra n c h es  with la rg e  f low ers  developed,

F igu re  4. P inching  the p lants  once, twice, or  th re e  t im es  produced 

plants  with fo rm  s im i l a r  to tha t  shown in F ig u re  2. One "pinch" 

p roduced  p lan ts  with sufficient  branching  to give de s i rab le  fo rm  and 

r e q u i r e d  the l e a s t  t im e  for  f lowering of any t r e a tm e n t ,  since 10 days 

was added to the t im e  r e q u i r e d  for  f lowering with each  additional 

"pinch" (Table 6). P la n t s  which were  "pinched" twice produced
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l a r g e r  p lan ts  with la rg e  f low ers  (F ig ure  5). T hree  "p inches"  

p roduced  p lan ts  of about the sam e  ove ra l l  s ize as did two "p inches" .  

The f low ers ,  al though m o re  nu m ero u s  were  only half a s  l a rg e  as 

those  p roduced  by p lants  with one or two p inches .

T im ing  of a C o m m e rc ia l  Crop

Crop  one, fo r  which the seed  was sown August 15, 1953, 

re a ch e d  the f lowering  stage over a range  of 4 days with the average  

date of f lowering  be ing N ovem ber  13, 1953 (90 days). Although the 

seed fo r  the second c rop  was sown only 16 days l a t e r ,  the plants  in 

this  group f low ered  approx im a te ly  21 days a f te r  the f i r s t  crop .  The 

dates a t  which these  plants  r e a ch e d  the f lowering stage ranged over 

12 days ,  with the av e rag e  date of f lowering  being D ecem ber  7, 1953 

(98 days).  The f lowering  da tes for  c rop  th ree ,  for  which the seed 

was sown Sep tem ber  15, 1953, ranged  over a per io d  of 4 days with 

the av e rag e  date of f lowering being D ecem ber  23, 1953 (99 days).

The n u m b er  of days r e q u i r e d  for  c rop  one to f lower was signif icantly 

le s s  at the 1 p e r  cen t  leve l  than the num ber  of days req u i red  for  c rop  

two and th r e e  to f lower .  The num ber  of days re q u i re d  for  c rops  two 

and th re e  to f lower were  not s ignif icantly  different  (Table 7).

F r o m  Table 7 it can  be o bse rved  that at 60°F  N T a pe r io d  

of f r o m  16 to 19 days was r e q u i r e d  for f lower development to p roceed



T A B L E  7

A verage  N um ber of Days f ro m  Seeding Required  for F lo w er  Bud 
D evelopm ent

Stage F iv e '  F lowering

C rop  one 
Crop  two 
C rop t h r e e

74 90
79 98
80 99

L. S. D. 5% 4 . 4  
L .S .D .  1% 5 .9

*Stage five is that  s tage in f lower bud development when the 
o v e ra l l  length  of the bud is 1. 5 cm  and the f lower p a r t s  a r e  all 
d i f f e re n t i a te d .

TABLE 8

Rate  of F lo w er  
T e m p e r a tu r  e

and Leaf A b sc is s io n  f ro m  P lan ts  Exposed to Room 
in P r iv a te  Homes

A b sc is s io n Tim e in Number of Days
Of P a r t s  
P e r  P lan t

1-3 4-6  7-9 10-12 13-15 lS-^ Average

3 f lo re t s 26 3 1 0 0 0 2. 5
6 f lo re ts 17 10 2 1 0 0 3.7

Many f lo re t s 4 6 9 5 3 3 8. 5
3 leaves 5 5 11 5 0 4 8. 1
6 leaves 1 4 4 8 4 9 11. 4

Many leaves 0 0 3 2 9 16 14. 3



f ro m  stage  five to f lowering .

The fifty p la n ts  grown by the M oles ta  F lo r a l  Company 

reach ed  the f lowering  stage  over  an extended per iod  of 3 weeks 

and w ere  m uch s m a l l e r  at the t im e  of f lowering  than those grown 

by the in ves t iga to r  at the co llege .  Somewhat l a r g e r  p lants  were  

obtained by the Wayside F lo r a l  Company and the f lowering stage 

was re a ch e d  at da tes  which m o r e  n e a r ly  c o r re sp o n d ed  with r e 

sults  of the in v es t ig a to r .

Keeping Quality

E igh teen  of the th i r ty  p lan ts  in the custody of r e s id e n ts  

exhibited evidence of f lo re t  a b s c i s s io n  during the f i r s t  day (Table 

8). Two and on e -h a l f  days e lapsed  on the ave rage ,  however,  b e 

fo re  th re e  f lo re t s  had a b s c i s s e d  f rom  the plants .  Six f lo re ts  ab-  

s c i s sed  3, 7 days and m any a b s c i s s e d  8. 5 days a f te r  the plants  were  

moved to ro o m  t e m p e r a t u r e  in the hom es .  This  indicated that  

plants  r e m a in e d  in op tim um  condition in a home for  an average  

period  of 4 to 8 days .

The foliage ap p e a re d  to be much m o re  durable  under home 

conditions (Table 8). An ave rage  of 8.1 days p a s se d  before  th ree  

leaves  a b s c i s s e d ,  11.4 days be fo re  six, and 14.3 days before  many 

leaves  a b s c i s s e d .  At the end of the 15-day per iod ,  the foliage of



16 p lan ts  r e m a in e d  in good condition. The other  14 plants  had been 

neglected ,  b e cau se  the r e s id e n t s  w ere  not in te re s ted  in the p lants  a f 

t e r  the f low ers  c e a s e d  to be a t t r a c t iv e .

The v a r ia b i l i ty  in f requency  of watering ,  heating method, 

t e m p e r a t u re ,  and loca t ion  of the plant  in the home, appeared  to have 

no co n s is ten t  effect  on the length of p lant  life in the home.

In the p r e l im in a r y  t e s t s  no f lo re t  a b sc i s s io n  o c c u r r e d  on 

any p lan ts  tha t  w ere  al lowed to r e m a in  in the greenhouse  with 60°F N T 

r e g a r d l e s s  of whether  they w ere  p rev ious ly  t r e a t e d  with a dip of 12. 5

ppm p a ra -ch lo ro p h e n o x y a c e t ic  acid with 60°F N T, no chem ical  t r e a t  -

o o
ment with 50 F N T, or  no chem ica l  t r e a tm e n t  with 60 F  N T. F lo w er

a b sc i s s io n  o c c u r r e d  f ro m  the p lan ts  in all th re e  t r e a tm e n ts  2 days a f te r

they w ere  moved to a room  t e m p e r a t u r e  of 70°F for observa tion .  The

o
ra te  of a b s c i s s io n  was sl ightly reduced  by the 50 F  N T. At the end

of 5 days an av e rag e  of 33. 5 f lo re t s  had a b s c i s s e d  f rom  plants  t r e a te d

o
with 12. 5 ppm of p a ra -ch lo ro p h en o x y ace t ic  acid with 60 F  N T, and 

plants  exposed to no ch em ica l  t r e a tm e n t  with 60 F N T, while only an 

average  of 12 f lo r e t s  had a b s c i s s e d  f ro m  plants  supplied with no c h e m 

ical  t r e a tm e n t  and 50°F  N T for  21 days before  moving to the room  

t e m p e r a t u r e .

Fo liage  expansion  was r e t a r d e d  and f lowering delayed 7 days 

on p lants  t r e a t e d  with pa ra -ch lo ro p h en o x y ace t ic  acid  and 60 F N T in
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the g reenhouse .  Slight c h lo ro s i s  developed in the foliage within a 

week a f te r  moving  the p lan ts  to the 50°F  N T. This ch lo ro s is  d i s 

a p p ea red  be fo re  the p lan ts  were  in f lower,  and t im e of f lowering 

was not a l t e r e d  by the low er  t e m p e r a t u r e  at this stage in development

In te ra c t io n  of Pho to per io d  and Growth

Total  s tem  elongation was reduced  on p lants  provided with 

an 8 -hour photoper iod  co m p ared  to p lants  rece iv in g  a 16-hour pho to - 

per iod .  This  d if fe rence  was p r e s e n t  a f te r  the plants  had been growing 

for  50 days,  and was in g en e ra l  m a in ta in ed  as  growth p ro g re s s e d .

The reduc tion  in to ta l  s tem  elongation at the end of 110 days of growth 

was s ignif icant  at at  l e a s t  the 5 p e r  cent  level when the plants  were  

exposed to 60 or  m o r e  shor t  days, Table 9. More than 60 shor t  days 

tended to cause  l e s s  tota l  s tem  elongation (F igure  7), however,  these 

d if fe rences  w ere  not s ignif icant  among the plants  supplied with 60, 75 

and 110 sho r t  days,  Table 9.

The a v e rag e  amount of l in e a r  growth was l ikewise l e s s  when 

the p lan ts  w e re  supplied  with an 8 -hour photoperiod,  F ig u re  7.

After  110 days of growth, the p lants  supplied with 60, 7 5 and 110 shor t  

days w ere  sign if icantly  and consecutively  sh o r te r  at the 1 p e r  cent 

level  than those  supplied with 110 long days cons is t ing  of a  16-hour 

photoper iod  (Table 10). These  d i f fe rences  were  evident  a f te r  50 days
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In te ra c t io n  of P h o to p e r io d  and T im e on Tota l  Stem Elongation  
P e r  P lan t

Days F r o m  
Seeding

L. S. D.
Sho r t  Day s

0 45 60 75 110

C m . C m . C m . C m , C m .
50 5% 2. 00 

1% 2 .7 7
6. 60 4. 85 3. 55 2. 95 2. 30

70 5% 14, 68 
1 % 20. 33

38. 87 34. 00 21. 50 19. 50 16. 75

90 5% 31.12 
1% 43.10

90. 00 62.63 55. 63 50. 25 116. 50

110 5% 33. 02 
1% 45 .7  3

134.38 91. 38 90. 75 72. 88 83.13

TABLE 10

In te rac t io n  of P ho toper iod  and T im e  on P lan t  Height

Days F r o m L. S. D. Short Days
Seeding 0 45 60 75 110

C m . Cm . C m . C m . C m .

50 5% . 70 2. 03 1 . 48 1. 04 0. 85 0. 70
1% ■97

70 5% 4. 09 12. 50 10. 94 5. 94 5. 25 4. 38
1% 5 . 66

90 5% 7 . 07 28. 50 21 . 13 15.19 13.13 12. 25

1% 9 . 79

110 5% 9 . 10 41. 00 31 . 31 26. 00 20. 88 22.13

1% 12 . 60



F i g u r e  6. G reenhouse  equipm ent showing the e a r th e n w a re  c ro c k s  

suspended  in four cons tan t  t e m p e r a t u r e  tanks ,  and the r e 

duced l ight  in tens i ty  p rov ided  to two groups with the use  of 

chee sec lo th .

F ig u re  7. Salvia plants  95 days a f te r  seeding d e m o n s t ra t in g  the i n 

f luence of photoperiod  on vegetat ive  growth. The n u m bers  

below the p lan ts  ind ica te  the num ber  of sh o r t  days the plants  

had r e c e iv e d  at  the t im e  the photograph  was taken .  F r o m  left 

to r igh t ,  the p lants  a re  typical  of g roups  which r e c e iv e d  95 long 

days (LD) followed by 0 shor t  days (SD), 65 LD followed by 30 

SD, 50 LD followed by 45 SD, 35 LD followed by 60 SD, and 

0 LD followed by 95 SD.
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and th roughout the r e m a in d e r  of the expe r im en t .  Those plants  s u p 

plied with 45 sho r t  days exhibited reduc tion  in height, but this  r e d u c 

tion was not s ign if ican t  until  90 days a f te r  seeding.

In addit ion to having a defini te  affect  on s tem  elongation, 

pho toperiod  ap p e a re d  to affect apical  dominance.  When the plants  

were  supplied with 60, 75, and 110 shor t  days, the four l a t e r a l s  all 

p roduced  ap p ro x im a te ly  equal elongation. When no shor t  days, or 

only 45 s h o r t  days w ere  supplied, the two l a t e r a l s  em erg in g  f rom  

the m o re  d is ta l  node of the m a in  s tem  at ta ined  much g r e a te r  e lo nga

tion than the two l a t e r a l s  e m erg in g  f rom  the m o re  p rox im al node 

(F igure  7).

All t r e a tm e n t s  produced  f lowering p lan ts ,  although the t ime 

r e q u i re d  for  f lowering  in the d if fe ren t  t r e a tm e n t s  ranged  over a p e r 

iod of 10 days.  Those  supplied with no sho r t  days r e q u i re d  the longest  

per iod  of t im e  to f lower (108 days) . Those  supplied with 45 and 110 

short  days w ere  in te rm e d ia te  in num ber  of days req u i red  for flowering 

(105 days) . P lan ts  supplied with 60 sho r t  days r e q u i r e d  slightly le s s  

t ime (102 days),  and a signif icantly  sh o r te r  t im e  (5 pe r  cent level) for 

f lower p roduc tion  than those  p lants  supplied with no long days.  Those  

rece iv in g  75 sho r t  days produced  f low ers  in the sh o r te s t  pe r io d  of 

t im e  and in a p e r io d  signif icantly  s h o r te r  at the 5 p e r  cent level  than 0, 

45, and 110 s h o r t  day t r e a tm e n t s ,  Table 11.
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In te rac t io n  of P ho tope r iod  and T im e  on N um ber  of Days R equired  
for  F low er ing

L. S. D.
Short Day s

0 45 60 75 110

Bud Stage V 5% 5. 51 
1% 7. 60

93 88 84 81 91

F low er ing 5% 5.10 
1% 7 .02

108 105 102 98 105

P ho tope r iod  a p p ea red  to have no affect  on the plants  or 

the ir  f lo w ers  110 days a f te r  seeding  when two plants  f ro m  each t r e a t 

m ent w e re  supplied with ten  short  days cons is t ing  of 8 -hour pho to 

p e r io d s ,  and two p lan ts  w ere  supplied with ten long days cons is t ing  

of 16-hour pho toper iods .

In te rac t io n  of Root T e m p e r a tu r e  and 
Light In tensi ty with Growth

o
Genera l :  After  14 days of exposure  to 50 F  root t e m p e ra tu re ,  

plants  exhibited a c h lo ro s i s  of the lower le aves ,  s tunted growth, d a rk  

g re e n  foliage and an thocyanin  development in the pe t io les  and s te m s .

In c o n t r a s t ,  the p lan ts  p rov ided  with 70°F roo t  t e m p e ra tu re  w ere  

growing v igorous ly ,  showing b r igh t  g reen  foliage and no anthocyanin 

development in the pe t io le s  and s te m s .

Tw enty-one  days l a t e r ,  and throughout the r e m a in d e r  of the ir



F ig u re  8. C a m e ra lu c id a  drawing of a Salvia f lower bud d e m o n 

s t ra t ing  the five a r b i t r a r y  s tages  in developm ent.
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growth the p lan ts  at the 50°F  roo t  t e m p e r a t u re  exhibited l e s s  evidence 

of c h lo ro s i s ,  and g rew  m o r e  rap id ly  than be fo re .  The p lants  exposed 

to 70°F  roo t  t e m p e r a t u r e  g rew  the m o s t  rap id ly ,  p roduced  th icke r  

s te m s ,  l a r g e r  le av es ,  and g r e a t e r  s tem  elongation (F ig u res  10 and 11).

F lo w e r  Bud D eve lopm en t : F ive  a r b i t r a r y  stages  in the d e v e l 

opment of the f lo r e t s  w ere  dis t inguished:  1. Sepal p r im o r d i a  p resen t ;

2, pe ta l  p r i m o r d i a  p re se n t ;  3. f i r s t  ind icat ion  of rep roduc t ive  p r i m o r 

dia; 4. developing androec ium ;  5. gynoecium p r e s e n t  and and roec ium  

in advanced  s ta ges  of developm ent (F igure  8). The num ber  of days r e 

qu ired  for  the deve lopm ent of the r e sp e c t iv e  stages  in each of the four 

t r e a tm e n t s  is r e c o r d e d  in F ig u re  9.

Root t e m p e r a t u r e  and light in tensi ty  had l i t t le  influence on the

o
tim e of f lo re t  in i t ia t ion .  F l o r e t s  developed m o re  slowly at the 50 F 

o
than at the 70 F roo t  t e m p e r a t u r e .  However,  while th e i r  development

o
was l e s s  rap id  during the e a r l i e r  s tages  when exposed to a 50 F root

t e m p e r a t u re ,  it was l e s s  rap id  during the l a t e r  s tages  when the plants

o
w ere  p ro v ided  with a 70 F  roo t  t e m p e r a t u r e  (F igure  9).

The pe r io d  of t im e  r e q u i r e d  for  f lowering at 50°F roo t  t e m 

p e r a t u r e  was not co n s is ten t ly  longer  than the per io d  of t im e  re q u i re d  

o
at  70 F„ P la n t s  f low ered  in the s h o r t e s t  pe r iod  of t im e  when provided

with 70°F  roo t  t e m p e r a t u r e  an$ the reduced  (63 p e r  cent) light inten-

o
sity,  and r e q u i r e d  the longes t  p e r io d  of t ime when supplied with 70 F
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In te ra c t io n  of Root T e m p e r a tu r e  and Light  Intens i ty on N um ber  of 
Days R equ ired  for  F lo w er in g  in the F a l l  Crop

50°F ~ 7 0°F
L . S . D .  Reduced Fu ll  Reduced Fu ll

Light  Light Light Light
In tensi ty  In ten- Intens i ty In ten 

sity sity

Days r e q u i r e d
fo r  f low ering  85.57 81.36 77 .29  86.79

5% 29. 09 
1% 38 .82

TABLE 13

A pprox im ate  Length  of Pho tope r iod  O c c u r r in g  During Growth of 
F a l l  and W inter  C r o p s '

Days of Crop  Growth

1 to 35 Days 35 to 70 Days 70 to 105 Days

F a l l  c rop 13 hr  s 3 0 m in 11 h r s  30 m in 10 h r s  20 m in
to to to

11 h r s  30 m in 10 h rs  20 min 10 h r s  10 m in

Winter  c rop 10 h r s  20 m in 10 h r s  10 min 11 h r s  0 min
to to to

10 h r s  10 m in 11 h r s  0 m in 12 h r s  10 min

'"F rom  P o s t ,  1949, p. 71.
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TABLE 14

In te ra c t io n  of Root T e m p e r a tu r e  and Light In tensi ty on P lan t  Height 
in C e n t im e te r s

L. S. D. 50°F -0 o 0

Reduced Full  
L ight  Light 
In tensi ty  In ten 

sity

Reduced
Light
Intensi ty

Full
Light
In ten 
sity

83 days
5%

**1%
105 days

5%
1%

10. 16
13. 56

11. 04
14. 76

F a l l  Crop
13,39 12,61 

29.23 29 .20

28. 69 

50. 46

38. 11 

58. 64

105 days**
5%
1%

6. 85 
9.14

Winter Crop  
9 .38  9.15 29.11 27. 54

'’'A verage  day of f lowering  
*5‘cDay of h a r v e s t
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INTERACTION OF ROOT TEMPERATURE
AND LIGHT INTENSITY ON GROWTH OF SALVIA

58 DAYS AFTER SEEDING

FULL LIGHT FULL LIGHTREDUCED LIGHT REDUCED LIGHT

5 0 °  RO OT TEM PERATURE 7 0 °  ROOT T E M PER ATU RE

Figure 10

INTERACTION OF ROOT TEMPERATURE 
AND LIGHT INTENSITY ON GROWTH OF SALVIA 

105 DAYS AFTER SEEDING

REDUCED FULL RE DUCED FULL
LIGHT LIGHT LIGHT LIGHT

F ig u re  11



roo t  t e m p e r a t u r e  and full {100 p e r  cent) light in tens i ty .  None of

these  d i f fe ren ces  w e re  s ign if ican t  (Table 12).

P la n t  H e igh t : P la n ts  grown with 50°F roo t  t e m p e r a tu re

p roduced  m o r e  l in e a r  growth with reduced  light in tensi ty .  When

o
plants  w ere  supplied  with 7 0 F roo t  t e m p e r a t u re ,  th e i r  height was

le s s  with red u ced  light in tens i ty  in the fa l l  c rop ,  and g r e a t e r  with

reduced  light  in tens i ty  in the w in te r  c rop .  None of these  d if fe rences

w ere  la rg e  enough to be sign if icant .

In c o n t r a s t  to the effect  of light in tensi ty ,  roo t  t e m p e ra tu re

inf luenced plant  height s ign if ican tly  a t  the 1 p e r  cent level .  P lan t

o . o
height was a lways g r e a t e r  with 70 F  than with 50 F  root  t e m p e r a 

tu re  (Table 14, F ig u r e s  10 and 11).

P la n t  he igh t  105 days a f te r  seeding was cons is ten tly  g r e a te r  

in the fall  c rop  than in the winter  c rop  under all  conditions of root  

t e m p e r a t u r e  and light  in tensi ty .  In the sec t ion  concern ing  the i n 

f luence of pho toper iod  on growth, it was found that dura t ion  of s p e c i 

f ied lengths of pho toperiod  did affect  vege ta t ive  growth. Thus, it 

was seen  tha t  th is  was an affect  of the n a tu ra l  photoperiod occuring  

during  the growth of the c ro p s .  Approximate  values fo r  the n a t u r 

a l ly  occur in g  pho toper iod  during  the growth of the two c ro p s  a re  

given in Table  13.
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F r e s h  Weight: F r e s h  weight of both s te m s  and roo ts  was

g r e a t e r  with full l ight than with red u ced  light in tensi ty  r e g a r d l e s s  of 

the roo t  t e m p e r a t u r e .  The am ount of in c r e a s e  in the f r e s h  weight was, 

however ,  g r e a t e r  when the p lan ts  w ere  grown with 70°F than with 50°F 

roo t  t e m p e r a t u r e .  In the fall  c rop ,  p lants  which were  supplied with 

the 50°F  roo t  t e m p e r a t u r e  exhibited ins ign if ican t  d if fe rences  in f r e s h  

weight as  a r e s u l t  of d i f fe ren t  light in ten s i t ie s .  P lan ts  grown with 70°F 

roo t  t e m p e r a t u r e  a lso  exhibited insignif icant  d i f fe rences  in s tem  weight 

due to l ight  in tens i ty ,  however  the roo ts  of th ese  p lants  had a f r e s h  

weight which was 21.4 g r a m s  m o re  than the f r e s h  weight of roo ts  of 

p lants  supplied  with a reduced  l ight  in tens i ty .  This  d if fe rence  was s i g 

n if icant  at the 1 p e r  cent  leve l .

The sam e  g e n e ra l  t r e n d s  a p p ea red  in the winter  c rop .  No 

te s t s  of s ign if icance  w ere  m ade  on weights of the winter  c rop ,  s ince the 

p lants  f r o m  the individual t r e a tm e n t s  w ere  weighed as a group. The d i f 

f e r e n c e s  in f r e s h  weight p roduc tion  due to light in tensi ty  w ere  g r e a te r

than in the fall  c ro p  with the exception of root  weight of p lants  grown 

o
with 70 F roo t  t e m p e r a t u r e .  H ere  the in c re a s e  with full light in tensi ty  

was not as  g re a t  as  in the fa l l  c rop .

The d i f fe rences  in f r e s h  weight of s tem s  and roo ts  of plants  

grown with 70°F  roo t  t e m p e r a t u r e  and 50°F roo t  t e m p e r a tu re  were  s i g 

n if icant  a t  the 1 p e r  cent  leve l  in the fall  c rop .  The f r e s h  weight of s tem s



a v e ra g e d  7. 2 t im e s  h eav ie r  and f r e s h  weight of roo ts  av e raged  4. 8 t im es  

o o
h eav ie r  with 70 F  than with 50 F  roo t  t e m p e r a t u r e .  These  d i f fe rences  in 

f r e s h  weight p roduc tion  as  a r e s u l t  of t e m p e r a t u re  d if fe rences  were  g r e a t 

e r  in the win te r  c ro p  w here  f r e s h  weight of s tem s  ave raged  11. 4 t im es  

heav ie r  and f r e s h  weight of ro o ts  av e rag e d  8 .6  t im e s  heav ie r  with the 

70°F  roo t  t e m p e r a t u r e  (Table 15).

Dry W eight: I r r e s p e c t iv e  of root  t e m p e r a tu r e ,  dry  weight of

s tem s  and ro o ts  in the fall  c rop  was a lso  g r e a te r  with full than with r e 

duced l ight  in tens i ty .  The d if fe rences  in dry weight because  of light

in tensi ty  w ere  not s ign if ican t  at the 5 p e r  cent  level  with the plants  grown

o oat  a 50 F  roo t  t e m p e r a t u r e .  When the plants  w ere  grown with a 70 F

root  t e m p e r a t u r e ,  an av e rag e  of 2 .7  g ra m s  m o re  dry  weight of s tem s ,

and 2 .6  g r a m s  m o r e  dry  weight of ro o ts  was p roduced  with the full light

in tens i ty .  T hese  d i f fe rences  w ere  signif icant  (Table 16).

The sam e  g en e ra l  t r en d s  ex is ted  in the winte r  c rop .  The 

in c r e a s e s  in dry  weight with full l ight  in tensi ty  in the w inter  c rop  

w ere  l a r g e r ,  except  fo r  the dry  weight of roo ts  p roduced  by plants  

supplied  with a 70°F  roo t  t e m p e r a t u re .  Here  the in c r e a s e  with 

full l ight  in tens i ty  was not as  g re a t  as  in the fall c rop .

Root t e m p e r a t u r e  did not influence the dry weight of s tem s  

and roo ts  as m uch  as f r e s h  weight.  Dry  weight p roduction  of plants  

grown with a 70^F roo t  t e m p e r a t u r e  was cons is ten tly  g r e a te r  than
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In te rac t io n  of Root T e m p e r a tu r e  and Light In tensi ty  on F r e s h  
Weight of S tem s and Roots in G ra m s

in o 0 hoor-

Reduced
Light
In tens i ty

Full
Light
In ten 
si ty

R educ ed 
Light 

Intensi ty

Full
Light
In ten
sity

F a l l  Crop

Stem weight 7. 58 9. 08 53. 29 68. 02
L. S. D a 5% 17. 20

1% 22 .99

Root weight 4. 33 6. 49 16. 63 37, 99
L . S . D .  5% 8 .69

1% 11.62
Winter  C rop

Stem weight 2 .00 3. 57 25. 30 36. 44

Root weight 1.03 3.15 11 . 70 18 . 66

TABLE 16

In te ra c t io n  of Root T e m p e r a tu r e  and Light In tensi ty on 
Weight of S tem s and Roots in G ra m s

Dry

50°F 7 0°F

Reduced Full R educed Full
Light Light Light Light
In tens i ty In ten  In tensi ty In ten 

sity sity

F a l l  Crop

Stem weight 1. 02 1. 36 6. 09 8. 83
L . S . D .  5% 2.3 0

1% 3. 08
Root weight 0. 30 0. 34 1. 08 3. 68

L . Sa D. 5% 1. 63
1% 2.18

Winter  Crop
S tem  weight 0 .29 0. 83 3.10 5. 50

Root weight 0. 04 0.19 0. 90 2. 45
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th a t  of p lan ts  grown with a 50°F roo t  t e m p e r a tu re .  The i n c r e a s e s  in 

dry  weight of s te m s  and roo ts  of p lants  grown with a 70°F  roo t  t e m 

p e r a tu r e  w ere  sign if ican t  at the 1 p e r  cent  level  with the exception of 

the d ry  weight of ro o ts  p roduced  by plants  supplied with a reduced  

light in tens i ty .  H ere  th e re  was no s ignif icance.  The dry  weight of 

the s t e m s  a v e rag e d  6 „ 2 t im e s  h eav ie r  and the dry  weight of the roo ts  

av e rag ed  2. 3 t im e s  h eav ie r  with the 70°F than with the 50°F root  

t e m p e r a t u r e .  The in c r e a s e s  in dry  weight as  a r e s u l t  of d if fe rences  

in t e m p e r a t u r e  w ere  g r e a t e r  in the winter  c rop  with an a v e rag e  of 

8„7 t im e s  as m uch s te m  weight, and an ave rag e  of 17.7 t im e s  as much 

roo t  weight  p roduced  with the 70°F roo t  t e m p e r a tu re  {Table 16).

T o p - ro o t  R a t io : Both t e m p e r a t u re  and light in tensi ty  ap pea red

to affect  the to p - ro o t  r a t io  cons ide rab ly .  With the ca lcu la t ions  made 

on a f r e s h  weight b a s i s ,  a l a r g e r  ra t io  was cons is te n t ly  obtained at 

the red u ced  l ight  in tensi ty  and the 70°F  root  t e m p e r a t u re  (Table 17).

TABLE 17

In te rac t io n  of Root T e m p e r a tu r e  and Light In tensi ty on Top-Root Ratio

50 F o 0

Reduced Light  
Intensi ty

Full  Light 
In tensi ty

Reduced Light 
In tensi ty

F u l l  Light 
In tensi ty

F r e s h  Weight Bas is
F a l l  c rop 1. 75 1.40 3. 20 1. 79

W inter  c rop 1 . 94 1.13 2 . 16 1. 95
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T A B L E  18

In te ra c t io n  of Root T e m p e r a tu r e  and Eight  Intens i ty on N utr ien t  
E le m e n t  Com posit ion  of Roots and Tops (P e r  Cent  Dry Weight)

5 0°F 70°F
Reduced
Light
In tensi ty

Full
Light
In tensi ty

Reduced
Light
Intensi ty

Full
Light
Intensi ty

F a l l  Crop
R oots

% N 1.63 1.66 v 1. 01 1. 43
% P 0.175" 0. 180** 0. 146 0. 172
% K 1 . 91 1 . 09 0. 911 1. 45

T ops
% N 3. 18 3. 19 3. 90 4. 02
% P 0. 370 0. 338 0. 496 0. 454
% K 3. 26 2. 73 

Winter  Crop

3. 36 3. 95

R oots
% N 2. 47 >\< 2. 96'r * 1. 40 1. 61
% P 0.184 0, 210
% K 3. 39 3. 33 1. 88 2. 59

T ops
% N 2. 56 2. 79 3. 26 3. 98
% P 0. 268 0. 256 0. 456 0. 478
% K 3. 17 4. 13 2. 90 4. 51

‘R e su l t s  f ro m  single d e te rm in a t io n s  because  of insufficient  
sam p le .  All o the r  va lues a r e  a v e ra g e s  of duplicate d e te rm in a t io n s .

^ ‘' in suffic ien t  sam ple  to m ake  d e te rm ina t ions .
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ACCUMULATION OF NUTRIENTS IN FALL AND WINTER CROPS
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INFLUENCE OF ROOT TEMPERATURE AND LIGHT INTENSITY 
ON ACCUMULATION OF NUTRIENTS
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INFLUENCE OF LIGHT INTENSITY ON ACCUMULATION OF 
NUTRIENTS IN FALL AND WINTER CROPS
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Figure 14

INFLUENCE OF ROOT TEMPERATURE ON ACCUMULATION
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N u tr ien t  A ccu m u la t io n , F a l l  and Winter Crops;  The data for  

the a v e ra g e  accum ula t ion  of n i trogen ,  phosphorus ,  and p o ta s s iu m  with 

an a tm o s p h e re  at 60°F  N T, a ro o t  t e m p e ra tu re  of 50°F or  70°F  and 

a reduced  (63 p e r  cent) or full (100 pe r  cent) available  light in tensi ty  

a r e  given in Table 18.

The accu m u la t io n  of n i trogen,  phosphorus ,  and po ta s s iu m  in 

the roo ts  was h igher  in the w in te r  c rop  than in the fall c rop .  The ir  

accum ula t ion  in the tops,  however,  was not as  cons is ten t .  More  p o t 

a s s iu m  accu m u la ted  in the tops ,  while n i t rogen  and phosphorus  did not 

r e a c h  as high a leve l  of concen t ra t ion  in the tops in the win te r  c rop  

(F igure  12).

Reduced  l ight in tens i ty  favored  a higher accum ula t ion  of all 

th re e  n u t r i e n t s  in both tops and roo ts ,  F ig u re  14„ Analyses produced 

two exceptions  to th is  g en e ra l  t rend ,  both of which appeared  only in 

the fall c rop .  A s m a l l e r  concen tra t ion  of phosphorus  was found in the 

tops and of p o ta s s iu m  in the roo ts  of plants  supplied with reduced  light 

in tensi ty .

o
It was evident  tha t  at the 70 F  root  t e m p e r a tu re  n i trogen,  

phosphorus  and p o ta s s iu m  tended to accum ula te  m o re  in the tops and 

l e s s  in the ro o ts  than at the 50°F roo t  t e m p e ra tu re .  T hese  t r en d s  a re  

r e p r e s e n t e d  in F ig u re  15.

The influence of light in tens i ty  upon nu tr ien t  accum ula t ion
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followed the sam e  t r e n d s  when the data for  the two c rops  were

combined to show the a v e rag e  accum ula t io n  of n u t r ien ts  with

each  com bination  of t e m p e r a t u r e  and light intensi ty ,  F ig u re  13.

One exception,  was a h igher  concen t ra t ion  of po ta s s iu m  in the

o
roo ts  of p lan ts  grown with full light intensi ty  and with a 50 F 

roo t  t e m p e r a t u r e .  When the ro o t  t e m p e r a t u re  was 70°F,  the re  

was a h igher  co ncen t ra t ion  of p o ta s s iu m  in the roo ts  of plants  

grown with r ed u ced  light in tensi ty .

The p lan ts  growing with a reduced  light in tens i ty  a c c u m 

ulated  an av e rag e  of 0„ 05 p e r  cent  m o re  n i trogen,  0. 021 pe r  cent 

m o r e  phosphorus ,  and 0 .45 p e r  cent  m o re  p o tass ium  in the roo ts ;  

and accu m u la ted  an a v e rag e  of 0. 21 p e r  cent  m o re  n i trogen ,  0, 012

per  cent  l e s s  phosphorus ,  and 0 .48  per  cent  m o re  p o tass ium  in

o o
the tops when grown with 70 F than when grown with 50 F  root

t e m p e r a t u r e .
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SYNOPSIS OF RESULTS

The ten  c u l t iv a r s  that  w ere  te s ted  for genera l  growth c h a r 

a c t e r s  w ere  able to be c la s s i f i e d  into th re e  gene ra l  groups:

1. Dwarf , 2. S em i-d w arf ,  and 3. Tall ,  Only the dwarf  and the s e m i 

dwarf  types  p ro d u ced  a t t r a c t iv e ,  sho r t  p lants  with dense growth afte r  

being "p inched"  once. The num ber  of days re q u i r e d  for  f lowering 

v a r ie d  with cu l t iv a r ,  but was not cons is ten tly  longer or  s h o r t e r  in 

any one of the g roups ,

A cold t r e a tm e n t  of 40°F  constan t  t e m p e ra tu re  did not 

s ignif icantly  influence total  s tem  weight and s tem  length of plants  

growing a t  50° or  60°F  N T. Stem weight pe r  unit of s tem  length 

was s ignif icantly  influenced by the cold t r e a tm e n t  only when the plants  

were  growing with a 50°F  N T and when the cold t r e a tm e n t  was su p 

plied  at the two-node stage  of growth.  The num ber of days re q u i re d  

for  f lowering  was sign if icantly  in c re a s e d  by a cold t r e a tm e n t  only 

when the p lan ts  w e re  growing with a 60°F  N T and when t r e a te d  at 

the two-node stage of growth.  These  plants  r e q u i re d  four m o re  days 

for  f lowering  than  did those  p lan ts  growing with 60°F N T and not 

supplied with a cold t r e a tm e n t .

o
Vegetat ive growth was definitely r e t a rd e d  with a 50 F N T. 

This  was p a r t i c u l a r ly  a p p a ren t  during the f i r s t  60 days of plant  growth 

when c h lo ro s i s  was evident . As the p lants  becam e older  th e i r  ra te
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with the 50°F  N T produced  an a v e rag e  of nine c e n t im e te r s  l e s s  s tem  

elongation than  p lants  growing with 60°F N T.

Those  p lan ts  tha t  w ere  moved to the opposite  night t e m p e r 

a tu re  90 days a f te r  seed ing  a t ta ined  an ave rage  of 2. 5 to 3. 4 c e n t i 

m e t e r s  g r e a t e r  s tem  elongation than those rem ain ing  at the orig ina l  

t e m p e r a t u r e  s .

Night t e m p e r a t u r e  did not g rea t ly  influence total  s tem  

weight or  s te m  weight pe r  unit  length.  The f lowers  were  of equally 

good co lo r  and quali ty  in a l l  t r e a tm e n t s ,  but the num ber  of days 

r e q u i r e d  for th e i r  p roduct ion  was signif icantly in c re a s e d  with the 

50°F N T.

P la n t s  grown with one "pinch" produced  m o re  des i rab le  fo rm  

s im i l a r  to that  shown in F ig u re  2. M ore  than one "pinch"  se rved  to 

in c re a s e  the size  of the plant  and the t im e  re q u i re d  for  production,  

but did not g re a t ly  im prove  the fo rm .  F lo w er  size was cons id erab ly  

s m a l l e r  on p lan ts  r ece iv in g  th ree  "p inches" .

Ninety days w ere  r e q u i r e d  to produce  f lowering  p lan ts  f ro m  

seed sown August  15th. When seed was sown Septem ber 1st and 15th, 

98 and 99 days w ere  r e q u i r e d  re sp ec t iv e ly .  F low er in g  p lants  for  the 

C h r i s tm a s  m a r k e t  w ere  produced  f ro m  seed sown Septem ber 1st.

O ne-ha l f  of the p lants  moved to homes exhibited evidence of
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f lo re t  a b s c i s s io n  dur ing  the f i r s t  day, and many f lo re ts  a b s c i s s e d  

an a v e rag e  of 8. 5 days a f te r  the p lan ts  w ere  moved to the homes.  

The fol iage was m o r e  durab le  under home condit ions.  An ave rage  

of 8 days p a s s e d  b e fo re  th r e e  leaves  a b s c i s s e d ,  and the foliage of 

over  half  of the p lan ts  was in good condition at the end of the 15-day 

p e r iod .  The frequency  of w ate r ing ,  heat ing method, t e m p e ra tu re ,  

and loca t ion  of the plant  in the home had no cons is ten t  effect on the 

life of the plant  in the hom e. No f lo re t  a b sc i s s io n  o c c u r r e d  in the 

g reenhouse  f ro m  p lan ts  t r e a t e d  with pa ra -ch lo ro p h en o x y ace t ic  acid 

and grown at e i th e r  50°F  N T or 60°F N T. The r a te  of f lo re t  a b 

s c i s s io n  a f t e r  the p lan ts  w ere  moved to room  t e m p e ra tu re  was not 

g rea t ly  influenced by the chem ica l  t r e a tm e n t ,  but was reduced  by 

the 50°F  N T.

Tota l  s te m  elongation  and plant height was l e s s  on plants  

p rov id ed  with an 8 -hour photoperiod ,  than on p lan ts  provided with 

a 16-hour pho toper iod .  The reduc tion  in s tem  elongation and plant 

height in c r e a s e d  d i rec t ly  with an in c re a s e  in the num ber  of days 

with 8 -hour  pho tope r io ds ,  F ig u re  7. Apical dominance was affected 

when the p lan ts  w ere  supplied with 45 or  le s s  shor t  photoperiods .  

F lo w er in g  p lan ts  were  produced  in a l l  t r e a tm e n t s  with the l a r g e s t  

n u m b er  of days be ing r e q u i r e d  for  f lower production  by p lan ts  p r o 

vided with no sh o r t  pho toper iods ,  and the sm a l le s t  num ber  being
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r e q u i r e d  by p lan ts  p rov ided  with 75 sh o r t  pho toper iods .  P h o to 

p e r io d  had no a p p a ren t  inf luence on the p lants  a f te r  they w ere  in f lower,
o

The p lan ts  with the 50 F  roo t  t e m p e r a tu re  grew much m o re  

slowly, p roduced  m o re  deep g re e n  fo l i a g e , and developed m o re  antho- 

cyanin in th e i r  pe t io le s  and s tem s  than did the plants  grown at the 

70°F roo t  t e m p e r a t u r e .  In spi te  of the la rg e  d ifference  in the v e g e 

ta t ive  growth,  f low ers  w ere  in i t ia ted  in all t r e a tm e n t s  at app rox im ate ly  

the sam e  t im e .  The developm ent of f lo re t s  was obse rved  and five

stages  in deve lopm ent w ere  a r b i t r a r l y  d ist inguished .  F lo r e t s  on

oplan ts  growing  with a 50 F  roo t  t e m p e r a tu r e  were  obse rved  to develop

o
m o re  slowly than those  on p lants  growitig with a 70 F  root  t e m p e r 

a tu re ,  but n e i th e r  roo t  t e m p e r a t u re  nor  light in tensi ty  had any s ig n i 

f icant  influence on r a te  of f lo re t  development,  or  num ber  of days 

r e q u i r e d  for  f lowering .  Although the d if fe rence  was not s ignif icant,  

the longes t  pe r iod  of t im e  fo r  f lowering  was r e q u i re d  for  p lan ts  g ro w 

ing with full light in tensi ty ,  and the s h o r te s t  pe r io d  of t im e  was r e -

o
qu ired  with red u ced  light  in tens i ty  with 70 F  roo t  t e m p e r a tu re .

o o
P la n t s  growing  with e i th e r  50 F  or 70 F roo t  t e m p e r a tu re

a t ta in ed  in g en e ra l  g r e a t e r  s te m  elongation under reduced  light in-

o
tens i ty .  Those  p lants  growing with 70 F  root  t e m p e r a t u re  p roduced  

at  l e a s t  twice as  m u c h  s t e m  e longation as p lants  growing with the 

50°F  roo t  t e m p e r a t u r e ,  with the i n c r e a s e s  being g r e a t e r  with full
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l ight  in tens i ty ,  F ig u r e s  10 and 11.

F r e s h  and d ry  weight of both s t e m s  and roots  was g r e a te r  

with full l ight in tens i ty  than  with reduced  light intensi ty  r e g a r d 

le s s  of roo t  t e m p e r a t u r e .  The l a r g e s t  value for to p - ro o t  r a t io s

was obtained f ro m  plants  grown with reduced  light in tensi ty  and 

o
70 F  roo t  t e m p e r a t u r e ,  Table 16.

In g en e ra l ,  a h igher accum ula t ion  of n i trogen,  phosphorus 

and p o ta s s iu m  was found in the w in te r  than in the fall c rop  (F igure  12).

N u tr ien ts  tended to accum ula te  m o re  in the tops and l e s s

o o
in the ro o ts  with a 70 F  than with a 50 F  root  t e m p e ra tu re  (F ig 

u re  15). A r e d u c ed  light  in tens i ty  favored  a higher accum ula t ion  

of a l l  t h r e e  n u t r ie n ts  in both tops and ro o ts .  Two exceptions to 

th is  g e n e ra l  ru le  w ere  a s m a l l e r  concen t ra t ion  of phosphorus  in 

tops and of p o ta s s iu m  in ro o ts  when grown with reduced  light in te n 

sity (F ig ure  14).
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DISCUSSION 

T e s t s  of C u l t iva rs

C o m p a r i s o n  of the c u l t iv a r s  grown indica ted  that, if a 

dwarf  plant  (17. 0 cm  high) was d e s i r e d ,  St. Jo h n 's  F i r e  or  Vaughn's 

M a s te rp ie c e  would be su i tab le .  If a l a r g e r  p lant  (24. 0 cm high) was 

d e s i r e d ,  Splendens A m e r ic a ,  A m e r ic a  for  Zuruck,  Bonfire, or  

B laze  of F i r e  would p roduce  a su i table  plant  with b r i l l i an t  r ed  f low

e r s  and dense  growth.  Rose  F la m e  produced  a dense growth, but 

was co n s id e re d  to be undes i rab le  because  of the light pink f lower 

co lo r .  C u l t iv a r s  of the ta l l  type, C la r a  Bedman,  Splendens Scar le t  

Sage, and Splendens B r ig h tn ess  did not appea r  to be sui table for 

pot plant  cu l tu re  becau se  of th e i r  e x t r e m e  height (35.0 to 47 .0  cm) 

and sp read in g  growth.

The nu m b er  of days r e q u i r e d  for  f lowering va r ied  slightly 

(Table 2) with the dwarf  cu l t iv a r s  f lowering app rox im ate ly  7 days 

e a r l i e r  than the s e m i -d w a r f  c u l t iv a r s .

In te rac t io n  of Cold T re a tm e n t  and Growth 

o
The cold t r e a tm e n t  of 40 F  constant  t e m p e r a t u re ,  when it 

was supplied at the fou r-node  stage ,  for  7 days had no signif icant  

influence upon the growth m e a s u r e m e n t s .  When the cold t r e a tm e n t



7 2 .

was supplied a t  the two-node s tage,  it had no highly signif icant  i n 

f luences ,  but the p lan ts  grown at 60°F night t e m p e ra tu re  {F N T)

o
r e q u i r e d  m o r e  days for  f lowering ,  and the plants  grown at  50 F N T 

produced  m o r e  s tem  weight p e r  unit  of s tem  length when the cold 

t r e a tm e n t  was supplied a t  the two-node stage (Table 3).

It ap p e a re d  f ro m  these  da ta  that growth of Salvia was m o re  

g rea t ly  r e t a r d e d  when the p lan ts  were  supplied with a cool t e m p e r a 

tu re  a t  the two-node stage than when the cool t e m p e r a tu re  was supplied 

at the fou r -node  stage of growth. At e i ther  s tage ,  however,  the i n 

f luence of a r e la t iv e ly  sh o r t  pe r iod  of cool t e m p e r a tu re  was not l a rg e .

In te rac t ion  of Night T e m p e ra tu re  and Growth

The opinion that Salvia growth was m o re  g rea t ly  r e ta rd e d

by cool t e m p e r a t u r e  at  the e a r l i e r  s tages  of growth was supported

o , °
by the r e s u l t s  obtained f ro m  studying the influence of 50 and 6 0 F  N T

o
on growth.  During  the f i r s t  60 days,  those  plants  growing at 60 F  N T

produced  ap p rox im a te ly  four  t im e s  as  much s tem  elongation as plants

o o
growing a t  50 F  N T. After  115 days of growth those  p lan ts  at  60 F N T

p o s s e s s e d  only 1.3 t im e s  as  m uch s tem  elongation as p lan ts  grown at 

o
50 F  N T (Table 4). The num ber  of days r e q u i r e d  for  f lowering was 

in c r e a s e d  by the lower night t e m p e ra tu re ,  if it was supplied during 

e a r l i e r  s tages  of growth,  but this  was not  t rue  if it was supplied a f te r
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90 days f ro m  the date of seeding (Table 5).

Holley (1942) s ta ted  that  the im por tance  of a i r  t e m p e r a 

tu re  b e c a m e  in c re a s in g ly  signif icant  as the light in tensi ty  d e c rea sed .  

Since the p lan ts  w ere  supplied with a gradually  in c re a s in g  intensi ty 

of l ight  such as  o c c u r s  in Michigan  f ro m  F e b r u a r y  to May, the r e 

t a rd e d  growth while the p lan ts  w ere  young may  not have been caused  

e n t i r e ly  by the 50°F  N T„

R e v e r s in g  the t e m p e r a t u r e  90 days a f te r  seeding gave 

s ta t i s t i c a l ly  sign if ican t  i n c r e a s e s  in final s tem  elongation when 

co m p ared  to p lants  which continued to grow at the or ig inal  t e m p e r 

a tu r e s .  It is be l ieved  tha t  the in c re a s e  in s tem  elongation of

o o
p lan ts  growing a t  the 50 F  N T and moved to 60 F  N T 90 days

a f te r  seeding was the r e s u l t  of a m o re  optimum night t e m p e ra tu re

for  l in e a r  growth.  S im ila r ly ,  the plants  f o r m e r ly  grown at the 

o
60 F N T w ere  probab ly  high in n i trogen  and when moved to a 

o
50 F  N T an in c r e a s e  in s tem  elongation re su l te d .  F if ty and 

60°F night  t e m p e r a t u r e  did not influence s tem  weight, f lower 

color  or  quality.

In g en e ra l ,  the r e s u l t s  of th is  expe r im en t  indicated that 

the 60°F  N T favo red  the growth of Salvia, and that  some addit ional  

s tem  elongation  could be obtained by moving the p lants  to a 50 

F  N T 90 days a f te r  seeding .  This  is in a g re em e n t  with in fo rm ation
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fu rn ish e d  by R o b e r t s  and S t ru c k m e y e r  (1938) and P o s t  (1949)

where  the op t im um  night  t e m p e r a t u r e  fo r  growth of dalvia was

° ° given as 55 to 60 F  N T.

F o r m  of P lan t

The re m o v a l  of the ap ica l  growth d ista l  to the th i rd  node 

(a np inchn) r e s u l t e d  in the fo rm a t io n  of b ra n c h es  and subsequent  

im p ro v e m e n t  in the a p p ea ran ce  of p lants  when com pared  to those  

which w ere  not "p inched".  When m o re  than one "pinch"  was applied 

an addit ional  10 days of growing t im e p e r  "‘p inch” was n e c e s s a ry  to 

p roduce  f lowering  p lan ts .  Unless  the l a r g e r  plants  that  would be 

obta ined f ro m  addit ional  "p inches"  w ere  espec ia l ly  de s i red ,  it was 

not felt  that  m o r e  than one "pinch" r e su l te d  in plants  that  w ere  

sufficiently m o r e  a t t r a c t iv e  to w a r r a n t  the addit ional  t ime req u i red  

for th e i r  p roduc tion .  A reduc tion  in f lower size was p a r t i c u la r ly  

ap p a ren t  on p lan ts  that  w ere  pinched th ree  t im e s .  Thus, in o rd e r  

to obtain a com bina tion  of the l a r g e s t  plant  with l a rg e  f low ers ,  the 

plants  should not be pinched m o re  than twice.

T im ing  of a C o m m e rc ia l  Crop

The p r o p e r  t im e  for  sowing seed in a greenhouse  to obtain 

f lowering  p lan ts  fo r  C h r i s tm a s  1953 p roved  to be the f i r s t  week in
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S ep tem b er .  This  al lowed ap p ro x im a te ly  98 days to produce f lo w e r 

ing p lan ts .  On the b a s i s  of in fo rm ation  obtained in th is  and p r e l i m 

in a ry  e x p e r im e n t s ,  the following schedule  was devised  for  the p r o 

duction of a C h r i s tm a s  c rop  of Salvia in Michigan with na tu ra l  photo

per iod  .

1. Sow seed  Sep tem ber  1 to 7 and g e rm in a te  at 60 to 70°F N T.

2. Space seedlings 1 1/2 x 1 1/2 inches in f lats  Septem ber 20 

to 27. Grow at 60°F  N T.

3. Po t  the p lants  in 5 to 6 inch pots  October 10 to 17, and r e 

move the t e rm in a l  growth d is ta l  to the th ird  node. Grow 

the p lan ts  at 60°F N T.

4. F lo w er in g  p lants  m ay  be expected by D ecem ber  7 to 14.

5. The p lan ts  should be w a te red  f ree ly .  F e r t i l i z e  weekly at 

a r a t e  equivalen t  to 1 to 1 1/2 ounces of 12-31-14 f e r t i l i z e r  

p e r  50 p lants  .

The p e r io d  dur ing  which the plants  in each c rop  r each ed  the 

stage of f lowering  ranged  f ro m  4 to 12 days.  P r e l im in a r y  work has 

ind ica ted  tha t  g r e a t e r  un i fo rm ity  in stage of growth of the plants  could 

be obtained  by the use  of a d e s i r a b le  cu lt ivar  which was vegetat ively  

p ropaga ted .
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Keeping Quality

A b sc is s io n  of f lo r e t s  began f ro m  1 to 3 days a f te r  the plants  

were  moved  to the h om es .  The le av es  re m a in ed  on the plants  under 

the condit ions of the home. On the b a s i s  of data obtained f ro m  these  

p lants ,  it was concluded that  t im e  and r a te  of f lo re t  a b sc i s s io n  were  

not influenced by the f requency  of watering ,  the heating method,  or 

the t e m p e r a t u r e  of the room .  In spite  of the durab il i ty  of the leaves ,  

the av e rag e  a t t r a c t iv e  pe r iod  of the plants  was only 4 to 8 days as a 

r e s u l t  of f lo re t  a b sc i s s io n .

The p a ra -ch lo ro p h en o x y ace t ic  ac id was not effective in r e 

ducing f lo re t  a b s c i s s io n  at the concen tra t ion  used  when it was applied 

21 days be fo re  f lowering.  A 50 F  N T for 21 days before  f lowering 

did ap p ea r  to have some re la t io n  to a reduc tion  in f lo re t  ab sc is s io n  

af te r  the p lan ts  w ere  moved to room  te m p e r a tu re .  The influence of 

the 50°F N T in r e t a rd in g  f lo re t  a b sc i s s io n  was not sufficient to make 

Salvia an e x t r e m e ly  d e s i r a b le  plant  to be used  as  a pot plant in the 

h o m e .

T h e o r ie s  a r e  sugges ted  concern ing  f lo re t  a b sc i s s io n  of 

Salvia. The work  of LaRue (1936) in successfu l ly  delaying the a b s c i s 

sion of Coleus pe t io le s  with growth horm ones  a f te r  the lea f  blades 

had been  re m o v e d  se rv e d  to indica te that  the use of growth r e g u la to r s
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in delay ing  the a b s c i s s io n  of le aves  was poss ib le .  The r e s u l t s  o b 

ta ined for  Salvia by no m e a n s  e l im ina ted  the poss ib i l i ty  that f lo re t  

a b s c i s s io n  m igh t  be r e t a r d e d  by the t im e ly  applicat ion  of an op timum 

quanti ty of some growth subs tance .  It was concluded that f lo re t  

a b s c i s s io n  was not inf luenced by the ro o m  t e m p e r a t u re s  which were  

supp l ied .

No f lo re t  a b s c i s s io n  o c c u r r e d  f ro m  plants  that  r em a in ed  in 

the g reen h o u se .  M y e rs  (1940) ob se rv ed  that  the a b sc is s io n  of pe t io les  

of Coleus p lan ts  p laced  in the d a rk  was m o re  rap id  than  the ab sc is s io n  

f ro m  the p lan ts  p laced  in the light.  It was poss ib le  that  re la t iv e  h u m i 

dity a n d /o r  l ight  in tens i t ie s  might  have been  a fac to r  in the rap id  

ra te  of a b s c i s s io n  at ro o m  te m p e r a t u r e .  The e f fect iveness  of the 

50°F N T in reduc ing  the r a te  of f lo re t  a b sc is s io n  afte r  the p lan ts  were  

moved to ro o m  t e m p e r a t u r e  could have been  due to an in c re a s e  in the 

p e rcen tag e  of c a rb o h y d ra te s  in the plant .  This  could have re su l te d  in 

g r e a te r  r e s i s t a n c e  to lower re la t ive '  humidity.

The ava ilab il i ty  of n u t r ie n ts  may have been involved in the 

ra te  of f lo re t  a b s c i s s io n  as was found by Nightingale (1933). He co n 

cluded that  Salvia was v e ry  sens i t ive  to the level  of n i t r a t e s  in the 

nu tr ien t  solut ion, and when the p lants  w ere  supplied with a shor t  

photoperiod  and a n u t r ie n t  solution m inus  n i t r a te  he s ta ted  that: 

nthey shed th e i r  b lo s s o m s  p ro fu se ly ” .



In te ra c t io n  of Pho toper iod  and Growth

Salvia p lan ts  a t ta ined  p r o g r e s s iv e ly  l e s s  height and l e s s  

to ta l  s tem  elongation  as they w ere  supplied with an in c re a s in g  n u m 

b e r  of sh o r t  days during  the 110 days of growth (F igure  7, Tables 9 

and 10). This  was in a g r e e m e n t  with r e s u l t s  of M urneek  (1948) who 

o b se rv e d  a "photoperiodic  inhibit ion" of vegetat ive growth of p lants  

tha t  f low ered  when supplied with a sho r t  photoperiod.  Since shor t  

dense  growth was d e s i r a b le  in the production  of a t t rac t iv e  pot plants  

this  r e s p o n s e  of Salvia to sh o r t  photoperiods was ve ry  im por tan t .

The ap p ea ran ce  of ap ica l  dominance in plants  supplied with 

65 or  m o re  long days m ay have been re la te d  to the m o re  rap id  s tem  

e longation tha t  o c c u r r e d  when the plants  were  supplied with long day 

cons is t ing  of 16-hour pho toper iods .  The plants  supplied with 65 or  

m o re  long days w ere  grown under  16-hour photoperiods for 30 or 

m o re  days a f te r  the t e rm in a l  po r t ion  of the m ain  s tem  was rem oved .  

This  could have influenced the l a t e r a l s  on these  plants  to develop 

m o re  rap id ly  than  the l a t e r a l s  on the plants  that w ere  supplied with 

sho r t  days of 8 -hour  photoper iods  a f te r  the t e rm in a l  por t ion  of the 

m a in  s tem  was rem o v ed .  Consequently,  th e re  could have been a 

m o re  rap id  r a te  of accum ula t ion  of growth regu la t ing  subs tance  in 

the s te m s  of the p lan ts  g rown with a 16-hour photoperiod.  This



could have tended to inhibit  the e longationof the l a t e r a l s  em erg ing  

f ro m  the lo w er  p o r t io n s  of the m a in  stem; a theo ry  that  is at  l e a s t  

p a r t i a l ly  suppor ted  by M urneek  (1948) who sta ted  that  growth in height 

could be photoperiod ic  al ly inhibi ted  during the ini tiat ion of f lo ra l  p r i -  

m o rd ia ,  the p e r iod  of full b loom, and the per iod  of f ru i t  and seed f o r 

m ation .  The r e s u l t s  of th is  e x p e r im en t  seem ed  to indicate that  under 

c e r t a in  pho toper iods  a growth inhibit ing subs tance  was produced  by 

the plan t  and t r a n s lo c a te d  to the lower por t io ns  of the s tem s  even 

before  f lo ra l  in i t ia t ion  took p lace .

F lo w e rs  w ere  p roduced  in all t r e a tm e n t s  independent of the 

pho toper iods  supplied. This  did not ag ree  with the r e s u l t s  obtained 

by R o b e r t s  and S t ru c k m e y e r  (1938) where  Salvia p lants  were  rep o r ted  

to have grown vege ta t ive ly  with photoperiods  of 16 hou rs  o r  longer.

A s h o r te r  pe r io d  of t im e  (98 days) was definitely req u i red  for flower 

production  when the p lan ts  w ere  supplied with 20 long days followed 

by sho r t  days for  the r e m a in d e r  of th e i r  growth. If the p lants  were  

supplied with al l  sh o r t  days,  or  the num ber of long days designated  

in the o ther  t r e a tm e n t s ,  a longer pe r iod  of t ime was re q u i re d  for  

f lowering  (Table 11). The p lan ts  supplied with 20 long days followed 

by sh o r t  days p roduced  m o re  rap id  growth ini tial ly than those  plants  

supplied with all s h o r t  days .  Thus,  when the plants  were  moved to 

the env ironm en t  of the sho r t  day, the leaves  becam e sufficiently
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m a tu r e  to syn thes ize  the f lower in i t ia t ing  subs tance  at an e a r l i e r  

da te .  Those  supplied with a g r e a t e r  n u m b er  of long days may not 

have been  able to acc u m u la te  suff icient  m a te r i a l  to cause  ini tiation 

of f lo w ers  until  a g r e a t e r  n u m b er  of days had elapsed.  This  r e a s o n 

ing is supported  by H am ner  (1938) when he concluded that plants  

which gave a sh o r t  photoperiodic  type of r e sp o n se  accum ula ted  the 

f lower ini t ia t ing  subs tance  during the da rk  per iod .  During the light 

per iod  this  a ccu m u la ted  m a te r i a l  was bel ieved to be broken  down.

Thus, once the le a v e s  w ere  m a tu re  enough to be sensi t ive  to the 

photoperiod,  the f lower ini t iat ing subs tance  could be accum ula ted  

m o re  rap id ly  with a light  p e r iod  decidedly l e s s  than the c r i t i c a l .

In o r d e r  to p roduce  f low ers  on a plant  with re la t ive ly  shor t  

but un ifo rm  l a t e r a l s  in the s h o r t e s t  per iod  of t im e,  one should supply 

the plant with 20 days of a 16-hour photoperiod followed by shor t  days 

of 8 -hou r  pho to per io ds  until  the plant  is in f lower.  For tu na te ly  these  

condit ions can  be c lose ly  app rox im a ted  in Michigan for the production  of 

a C h r i s tm a s  c ro p  of Salvia by using  the photoperiods that  exist  n a t u r 

ally in the F a l l  of the y ea r .
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In te rac t io n  of Root T e m p e r a tu r e  and Light In tensi ty with
Growth

A cons tan t  red u c t io n  of light in tensi ty  was not obtained by 

the use  of c h e e sec lo th  in this  e x p e r im en t  (Table 19). Accord ing to 

A n g s t ro m  (1919) the r e a s o n  a cons tan t  reduc tion  was not obtained 

was that  the ch eesec lo th  cut out only a po r t io n  of the rad ia t ion  which 

cam e f r o m  the sky, and was m o s t  effective in reducing the rad ia t ion  

which cam e  f ro m  the sun. The p e rc en ta g e  of the total rad ia t ion  

which was f ro m  the sky in c re a s e d  with in c re a s ed  cloudiness and thus 

the p e rc en ta g e  of reduc tion  of rad ia t ion  that  could be obtained with 

the use  of the ch e e sec lo th  was d e c re a s e d  with in c re a s e d  c loudiness .

D e te rm in a t io n  of date of f lowering,  of plant height, of f r e sh  

.weight, of d ry  weight, and of n u t r ien t  accum ula t ion  might  be used as 

an index of quantity of growth.  The conclusions which w ere  a r r i v e d  

at in r e g a r d  to the influence of roo t  t e m p e r a tu re  and light intensi ty  

upon the growth of Salvia depended upon which of these  c r i t e r i a  were  

s e l e c t e d .

Using the date of f lowering  as an index, it was found that 

ne i the r  roo t  t e m p e r a t u r e  no r  light in tensi ty  had any signif icant  in flu

ence at the 5 p e r  cen t  level  (Table 12). S im ila r  r e s u l t s  w ere  obtained 

by Allen (1934) with Mathiola ,  Calendula, and A n t i r rh inum . In both 

the F a l l  and Winter  c ro p s  how ever,  the plants  grown with the 70°F



T A B L E  19

Tota l  Weekly and A verage  Daily Radiat ions of Light During Growth 
of W inter  Crop

______ Fu l l  Light  _________ Reduced Light P e r  Cent
P e r  Wk. in Ave/D ay  P e r  Wk. in Ave/D ay of Full
F t .  Cd. H rs  F t .  Cd. F t . C d . H r s  F t .C d .  Light

Hr s . Hr s . Intensity

Jan .  11 -17 51, 700 7, 386 43,900 6, 271 84. 9

J a n . 18-24 52,800 7, 543 38,500 5, 500 72. 9

J a n . 25-31 74, 200 10,600 53,300 7, 614 71. 8

Feb .  1-7 75,200 10, 743 39,900 5, 700 53. 1

Feb.  8-14 95,600 13,657 54, 000 7, 714 56. 5

F e b . 15-21 153,700 21, 957 99,100 14,157 64. 5

F e b . 22-28 178,600 25,514 127, 600 18,229 71. 4

M ar .  1-7 159,800 22,829 71, 600 10,229 44. 8

M ar.  8-14 140,900 20, 129 66,300 9, 471 47. 1

A verage  pe r cent  of full light intensi ty 63.0
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roo t  t e m p e r a t u r e  and 63 p e r  cent  light in tensi ty  produced f lowers  

about 4 days be fo re  the p lan ts  in any of the o ther  t r e a tm e n t s .  A c 

cord ing  to H am ner  (1938) p lan ts  which f lowered when supplied with 

a photoper iod  s h o r t e r  than  the c r i t i c a l ,  p roduced the f lower initiating 

subs tance  during the d a rk  pe r iod .  During the light pe r iod  a port ion  

of th is  subs tance  was be l ieved  to be d es t royed  or b roken  down, with 

the am ount d e s t ro y e d  o r  b roken  down depending upon the length of the 

light pe r io d .  In th is  ex p e r im en t  it seem ed  very  probable  that the 

f lower in i t iat ing  subs tance  was not b roken  down as rap id ly  by plants  

supplied with a reduced  l ight  in tensi ty ,  and th e re fo re  a quantity of 

m a t e r i a l  suf f ic ien t  to s t im u la te  f lower ini t iat ion was able to be a c 

cum ula ted  sooner  with reduced  l ight  in tensi ty .  It-was a lso  poss ib le  

that the l e av es  of the p lan ts  grown in reduced  light in tensi ty  w ere  able 

to function m o r e  eff icien tly in the production  of the f lower initiating 

subs tance .  P o r t e r  (1936) was of the opinion that the leaves of tomato 

p lants  grown in p a r t i a l  shade w ere  able to use  the i r  l im ited  supply of 

light more eff ic ien tly .  He even observed  a l a rg e  va r ia t ion  in the 

abil i ty of d if fe ren t  p lan ts  of the sam e species to ut i l ize the available 

l ight.

This  d if fe rence  in f lowering  date as influenced by light inten-

o
si ty,  did not ap p ea r  when the p lan ts  were  grown with 50 F  roo t  t e m p e r -
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a tu r  e . P o s s ib ly  th is  was b e c a u se  the low root  t e m p e ra tu re  was the 

l im it ing  fa c to r .

Using the height  of the p lan ts  as an index of growth, light 

in tens i ty  did not have signif icant  influence on growth (Table 13). There  

a p p ea red  to be a s l ight  t r e n d  tow ard  a g r e a t e r  s te m  elongation with 

red u ced  l ight  in tens i ty .  Light in tensi ty  did not appear  to have as  g rea t  

an inf luence on s tem  elongation as seem ed  to be indicated by o b s e r 

vations of Went (1941) and P o r t e r  (1936). Went (1941) concluded that i n 

tens i ty  of the sunlight was an im por tan t  fac to r  in inhibiting s tem  e lo n 

gation. P o r t e r  (1936) o bse rved  tha t  light in tensi ty  was in v e rse ly  r e l a 

ted to s t e m  elongation.

Stem elongation with 70°F  roo t  t e m p e ra tu re  was roughly two

to t h r e e  t im e s  g r e a t e r  than with 50°F roo t  t e m p e ra tu re  (Table 13).

This was in g e n e ra l  a g r e e m e n t  with r e s u l t s  obtained by R ober ts  (1953)

who used  the sam e  equipment to study the influence of f o u r  roo t  t e rn -

o o
p e r a t u r e s  f ro m  56 to 72 F  on the growth of s t r a w b e r ry .  R ober ts  ob

se rved  a d i r e c t  c o r r e l a t i o n  be tween the growth of a e r i a l  p a r t s  of the 

s t r a w b e r r y  and an in c r e a s e  in roo t  t e m p e ra tu re .

The plant  height  p roduced  in the F a l l  c rop  was cons is ten tly  

g r e a t e r  than  the p lan t  height  p roduced  in co r re spond ing  t r e a tm e n t s  of 

the Winter  c rop ,  A photoper iod ic  inhibition of vegetat ive growth was



o b s e rv e d  and s ince the n a tu ra l ly  occur ing  photoperiod  was not m o d i 

f ied, it is  m o s t  p robab le  tha t  the va r ia t ion  in the photoperiod between 

the F a l l  and the Winter  c ro p s  was the fac to r  involved in the cons is ten t  

d i f fe rences  in s te m  elongation.  By r e fe re n c e  to Table 14, it may be 

o b se rv e d  tha t  dur ing  the growth of the F a l l  c rop  the length of the 

photoper iod  was d e c re a s in g  f ro m  13 hours  and 30 m inutes  to 10 hours 

and 10 m in u te s ;  and during the growth of the winte r  c rop  the length of 

the pho toper iod  was in c r e a s in g  f ro m  10 hours  and 20 m inutes  to 12 hours  

and 10 m inu tes .

C o n s ide r ing  f r e s h  weight as an index of growth, the re  was a 

definite and co n s is ten t  t r e n d  in both c ro p s  tow ard  an in c re a s e  in 

growth of both ro o ts  and s tem s  with the h igher roo t  t e m p e ra tu re  and 

light in tens i ty .  The d if fe rences  in f r e s h  weight of ro o ts  and s tem s  as 

a r e s u l t  of d if fe ren t  l ight in tens i t ie s ,  were  in m os t  in s tances  not s t a t i s 

t ica l ly  sign if ican t  at  the 5 p e r  cent  level .  T he re  was, however,  a co n 

s is ten t  t rend  tow ard  an in c r e a s e  in weight with full light intensi ty  

(Table 15). Th is  p roduction  of g r e a te r  f r e s h  weight with full light i n 

tens i ty  was in a g r e e m e n t  with r e s u l t s  obtained by A r th u r  and Stewart  

(1931). They found that  the f r e s h  and dry weight of s tem s  and roo ts  of 

Salvia in c r e a s e d  as  sunlight was in c re a s e d  f ro m  35 to 58 to 78 to 100 

p e r  cent  r a d ia t io n  in June  and July.  T he ir  r e s u l t s  indicated  that Salvia 

was able to u t i l ize  full rad ia t io n  in June and July m o re  eff iciently than



o th e r  p lants  used  in the t e s t s .

The i n c r e a s e s  in f r e s h  weight of s tem s  and roo ts  as  a r e s u l t

of an i n c r e a s e  in roo t  t e m p e r a t u r e  in the p r e s e n t  invest igat ion  were

co n s is ten t  and highly s ign if ican t  (Table 15). This  indicated  that the

growth of Salvia as m e a s u r e d  by accum ula t io n  of f r e s h  weight was

g rea t ly  inh ibi ted by a low roo t  t e m p e r a t u r e  of 50°F .

As with f r e s h  weight, th e re  was a definite and cons is ten t

t rend  tow ard  a g r e a t e r  d ry  weight accum ula t ion  in both s te m s  and

roo ts  with the h ig her  roo t  t e m p e r a t u re  and light in tensi ty  (Table 16).

This  was in a g r e e m e n t  with the r e s u l t s  obtained by A r thu r  and Stewart

(1931). The t r e n d  tow ard  an in c re a s e  in dry weight of s tem s  and roo ts

with full l ight in tens i ty  ex is ted  independent of roo t  t e m p e ra tu re .  The

o
amount of i n c r e a s e  was sign if icant  with 70 F  roo t  te m p e ra tu re ,  but 

o
not with 50 F  roo t  t e m p e r a t u r e .

Root t e m p e r a t u r e  did not influence the dry weight of s tem s

and roo ts  as  m uch  as f r e s h  weight, however the i n c r e a s e s  in dry

o ,
weight p roduc tion  with 70 F  roo t  t e m p e r a tu r e  were  signif icant except

for ro o ts  p roduced  with red u ced  light  in tensi ty .  This  was reasonab le

since Bolas (1934) found that  with a higher t e m p e ra tu re  a h igher light

in tens i ty  was op t im um  fo r  d ry  weight accumula t ion .

The to p - ro o t  ra t io  ca lcu la ted  on a f r e s h  weight b a s i s  was

l a r g e r  in al l in s tan ces  with 70° than with 50 F  roo t  t e m p e ra tu re ,
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and was l a r g e r  with red u ced  than with full light in tensi ty .  Seventy 

d e g re es  roo t  t e m p e r a t u r e  with reduced  light in tens i ty  produced the 

l a r g e s t  to p - ro o t  ra t io ,  thus it could be concluded that 70°F root  

t e m p e r a t u r e  and 63 p e r  cent  tota l  light intensi ty  were  m o re  f a v o r 

able to top than  to roo t  growth (Table 17). Rober ts  (1953) obtained 

s im i la r  r e s u l t s  with the s t r a w b e r r y .

Reduced  l ight  in tens i ty  favored  a gene ra l  higher a c c u m u 

lat ion of n u t r ie n ts  in s te m s  and roo ts .  This  explained the genera l  

h igher accum ula t ion  of n u t r ie n ts  in the Winter than in the F a l l  c rop  

(F igure  12), s ince  somewhat h igher light in tens i t i e s  were  rece ived  

during  the F a l l  than during  the Winter months .

With the exception  of the accum ula t ion  of phosphorus in the 

tops and of p o ta s s iu m  in the roo ts ,  it was found that  th e re  was a 

h igher  accum ula t ion  of n i trogen ,  phosphorus,  and po ta s s iu m  in 

plants  supplied with reduced  light intensi ty  (F igure  14). T he re  is 

much  d i s a g re e m e n t  in the l i t e r a tu r e  in re la t io n  to the influence of 

light in tens i ty  upon the accum ula t ion  of nu t r ien ts  in p lants .  One 

fac to r  which was involved in this  confusion was the absence  of a c c u r 

ate r e c o r d s  of l ight  in tens i t ie s  in m o s t  data. In many r e p o r t s  no 

r e c o r d s  w ere  offe red ,  and it was even m o re  difficult to com pare  the 

r e s u l t s  obtained.  In spite  of th is ,  it appeared  that  the influence of 

l ight in tens i ty  upon nu t r ien t  accum ula t io n  va r ied  with spec ie s ,  as
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has  been  d i s c u s s e d  p rev ious ly  (pages 14 to 17).

At the 70°F  ro o t  t e m p e r a t u r e ,  n i trogen ,  phosphorus  and

p o ta s s iu m  tended to a c c u m u la te  m o r e  in the tops and l e s s  in the roo ts  

o
than at  the 50 F ro o t  t e m p e r a t u r e  (F igu re  15). Hagen (1952) c o n 

t r a r y  to p rev io u s  t h e o r i e s  of Hoagland (1923), and Ashby and Oxley 

(1935) fe l t  tha t  t h e r e  was not suff icient  evidence available  to prove 

tha t  a r e d u c ed  r a t e  of n u t r ien t  ab so rp t io n  was re sp o n s ib le  for slow 

growth of p lan ts  at low root  t e m p e r a t u re .  He fel t  that  e i the r  or 

both a r ed u ced  r a te  of t r a n s lo c a t io n  or  a s s im u la t io n  could a lso  eas i ly  

be involved. The r e s u l t s  of th is  ex p e r im en t  seem ed  to support  

H agen 's  ideas .  It seem ed  p robab le  tha t  the h igher  accum ula t ion  of

n u t r i e n t s  in the tops and lower accum ula t ion  in the roo ts  with a 

o
70 F  roo t  t e m p e r a t u r e  could ea s i ly  have been a s so c ia te d  with a m o re  

rap id  r a t e  of t r a n s lo c a t io n  at the h igher  roo t  t e m p e r a tu re .

A ccord ing  to each  of the m ethods  of de te rm in ing  plant growth 

tha t  have been  d i s c u s s e d ,  the 70°F  roo t  t e m p e r a t u r e  was found to 

favor  the growth of Salvia. F o r  the production  of e a r l i e r  f lowering,  

abundant  top growth,  and h igher  nu t r ien t  accum ula t ion ,  a reduced  

l ight  in tens i ty  was found to, in gen e ra l ,  give b e t te r  r e s u l t s ;  while 

fo r  g r e a t e r  f r e s h  and d ry  weight accum ula t ion ,  the full light in te n 

sity p roduced  b e t t e r  r e s u l t s .
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SUMMARY

The in te ra c t io n  of env i ronm en ta l  f a c to r s  upon the growth 

of Salvia sp lendens  was studied  to obtain in fo rm ation  concerning the 

growth of Salvia and the p o s s ib i l i t i e s  of its in troduction  to the f lo r i s t  

pot p lant  indus try .  F o r  th is  pu rpose  the growth of 10 cu l t iv a r s  was 

c o m p a red .  The influence of cold t r e a tm e n t ,  night t e m p e r a tu re ,  

’'p in ch in g " , pho toperi ’od, roo t  t e m p e r a t u re ,  and light in tensi ty  was 

studied.  In fo rm at io n  was ga th e red  concern ing  the t iming of a c rop  

of Salvia fo r  the C h r i s tm a s  m a r k e t ,  and the keeping quality of the 

p lan ts  at ro o m  t e m p e r a t u r e .

F o r  the production  of shor t ,  dense p lan ts  the c u l t iv a r s  of 

the dwarf  type p roved  m o s t  su i tab le ,  and for  the production  of a 

s l ightly  m o r e  v igorous plant ,  the c u l t iv a r s  of the s e m i -d w a r f  type 

w ere  re c o m m e n d e d .  The cu l t iv a r ,  A m e r ic a ,  was se le c ted  for 

use  in al l o th e r  e x p e r im e n t s .

The 40°F  cons tan t  t e m p e r a t u r e  cold t r e a tm e n t  for  one week 

a p p ea red  to r e t a r d  growth m o r e  when it was supplied at the two- 

than at the fo u r -n o d e  stage  of growth,  At e i th e r  s tage,  the influence 

of the re la t iv e ly  sh o r t  p e r io d  of cold t r e a tm e n t  was not ex t re m e ly  

l a r g e .

The study of night  t e m p e r a t u r e  influences  ind ica ted  that



Salvia g rew  m o r e  v igorous ly  and f lowered sooner with 60°F than 

with 50°F  night t e m p e r a t u r e .  This  was p a r t i c u la r ly  t ru e  while the 

p lan ts  w ere  young. Some addit ional  s tem  elongation was obtained 

by moving  the p la n ts  f ro m  60° to 50°F night t e m p e r a t u re  90 days 

a f t e r  seeding.  Stem weight was not g rea t ly  influenced by night 

t e m p e r a t u r e  and f lower co lo r  was not affected.

The re m o v a l  of the t e rm in a l  m e r i s t e m  (a "pinch") r e su l te d  

in p lan ts  with sho r t ,  dense  growth. P lan ts  ’’pinched'* twice w ere  

l a r g e r ,  and took 10 days longer  to f lower than those  ’’pinched" once. 

When p lan ts  w ere  "pinched** th r e e  t im e s  the f low ers  which w ere  

p roduced  w ere  ap p ro x im a te ly  50 p e r  cent  s m a l l e r  in s ize .  It was 

r e c o m m e n d e d  tha t  p lan ts  be grown with one "p inch"  except  for  spec ia l  

p u rp o se s  w here  a l a r g e r  plant  would be p rof i tab le  and then two 

"p inches"  could be supplied*

When seed  was p lan ted  Sep tem ber  1st, 98 days w ere  r e 

qu ired  for  p roduc t ion  of f lowering  pot p lants  with one "p inch" .  A 

schedule for  the p ro d u c t io n  of a  C h r i s tm a s  c rop  was sugges ted .

Some f lo r e t s  w e re  o b se rv e d  to a b s c i s s  a f te r  the p lants  had 

been  in the hom es  f ro m  1 to 3 days with many fa l ling a f te r  an  a v e r 

age of 4 days in the hom e. S ev e ra l  m eth ods  of p reven t ing  the f lo re t  

a b s c i s s io n  w ere  a t tem pted ,  but no effect ive m ethod  was found. It
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was  sugges ted  tha t  fu r th e r  work with growth regu la t ing  subs tances  

might  p rove  su c c e s s fu l .

F lo w e r s  w e re  p ro duced  under  both 8- and 16-hour photo - 

p e r io d s .  A photoperiod ic  inh ibi t ion of vegetat ive  growth was o b s e r 

ved when the p lan ts  w ere  grown with 8 -hour  pho toper iods ,  and the 

am ount of inhibi t ion i n c r e a s e d  with groups of p lan ts  that  were  s u p 

p lied  with a g r e a t e r  n u m b er  of sho r t  days.  A lo ss  of apical  d o m in 

ance was a lso  noted  in those p lan ts  supplied with 60 or  m o re  8 -hour 

p ho tope r iods .  In o r d e r  to p roduce  a f lowering Salvia plant  with r e l a 

t ive ly  s h o r t  l a t e r a l s  of a p p ro x im a te ly  the sam e  length, in the s h o r te s t  

p e r io d  of t im e  it was re c o m m en d e d  tha t  the p lan ts  be supplied with 

20 long days of 16-hour pho toper iods  followed by sho r t  days c o n s i s t 

ing of 8 -hour  pho to per iods  until  the p lants  w ere  in f lower.  In this  

e x p e r im en t  the r e q u i r e d  t im e  was 98 days f ro m  the date of seeding.

It was m en tioned  tha t  th e se  condit ions could be approx im a ted  for the 

production  of a C h r i s tm a s  c ro p  in Michigan by supplying the plants  

with the n a tu ra l  pho toper iod .  Pho tope r iod  had no o bse rved  influence 

on the p lants  a f t e r  they w ere  in f lower .

P la n t s  c o n s is ten t ly  p roduced  g r e a t e r  height in a l l  t r e a t 

m e n ts  when they w ere  grown in the F a l l  with 70°F and 50°F roo t  

t e m p e r a t u r e  with 100 p e r  cent  and 63 p e r  cent  l ight in tens i ty ,  than
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when they w ere  grown under  the sam e  condit ions during the Winter 

m on th s .  This  was thought to be caused  by a s h o r t e r  photoperiod 

during  the growth  of the Winter  c rop .

Stem elongation  was sl ightly g r e a te r  when the p lants  were  

grown with reduced ,  than  when they w ere  grown with full l ight i n 

ten s i ty  .

A m orp h o lo g ica l  study of the f lower bud was m ade ,  in 

which five s tages  in f low er  bud development were  a r b i t r a r i l y  d i s t in 

guished .

The p lants  grown with the 70°F  roo t  t e m p e r a t u r e  produced 

ap p ro x im a te ly  twice as much s tem  elongation as the p lants  grown 

with the 50°F  roo t  t e m p e r a t u r e ,  but the plants- in all of the t r e a tm e n t s  

f low ered  o ve r  a p e r io d  of only 7 days.

The l a r g e s t  to p - ro o t  r a t io  was obtained f ro m  plants  grown 

with re d u c ed  light in tens i ty  and 70°F  roo t  t e m p e r a t u re .

A ccord ing  to each of the m ethods  of de te rm in ing  plant  growth, 

the 70°F roo t  t e m p e r a t u r e  was found to favor the growth of Salvia 

m o re  than  the 50°F  roo t  t e m p e r a t u r e .  The r ed u ced  light in tensi ty  

favo red  f lowering ,  s t e m  elongation,  and nu t r ien t  accum ula t ion  m o re  

than  full  l ight  in tens i ty .  F u l l  l ight  in tens i ty ,  how ever ,  r e s u l t e d  in 

g r e a t e r  a ccu m u la t io n  of f r e s h  and dry  weight.

F i f teen  f ig u re s  and n in e te en  tab le s  w ere  included,,
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