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The E f f e c t  o f  A u d ib le  Sound on th e  G e rm in a tio n  
and  R oot E lo n g a t io n  o f  O ats  and W heat

INTRODUCTION

The so u n d  t h a t  s u r ro u n d s  a l l  l i v i n g  o rg a n is m s , e x c e p t  in  

u n u s u a l  o r  e x p e r im e n ta l  c i r c u m s ta n c e s ,  i s  d iv id e d  i n t o  two g e n e r a l  

a r e a s ,  a u d ib l e  and u l t r a s o n i c .  T h is  c l a s s i f i c a t i o n  i s  b a s e d  upon 

th e  a v e ra g e  m a n 's  a b i l i t y  to  h e a r  so u n d : so u n d s  r a n g in g  from  20

to  a b o u t  1 5 ,0 0 0  H e r tz  (Hz) a r e  c o n s id e r e d  a u d ib le  and  th o s e  above 

1 5 ,0 0 0  Hz a r e  c o n s id e r e d  u l t r a s o n i c .

Sound i s  m ea su red  i n  H e r tz  o r  c y c le s  p e r  se c o n d  and  i n t e n s i t y  

o f  so u n d  i s  e x p r e s s e d  i n  d e c ib e l s  (db ) o r  f o r c e  p e r  a r e a .  The 

r e f e r e n c e  v a lu e  ta k e n  i n  c o m p u tin g  d e c ib e l s  i s  th e  minimum 

i n t e n s i t y  th e  e a r  can  d e t e c t  i n  a i r  o r  2 X 10” ^ d ynes/cm ^ (so u n d  

p r e s s u r e ) .

H o s t e x p e r im e n ts  r e p o r t e d  in  th e  l i t e r a t u r e  in v o lv e  th e  

u l t r a s o n i c  r e g io n  w h ere  e n e rg y  l e v e l s  a r e  h i g h e r .  U l t r a s o u n d  owes 

i t s  d e s t r u c t i v e  e f f e c t i v e n e s s  i n  l a r g e  p a r t  t o  th e  c a v i t a t i o n  o f  

w a te r  (L iu  and  Y en, 1 9 3 4 ) . M ic ro flo w s  c r e a t e d  a t  th e  l i q u i d - c e l l  

b o u n d ry  and w i t h in  c e l l s  can  a l s o  h a v e  d e s t r u c t i v e  e f f e c t s  

( E l 'P i n e r ,  1 9 7 0 ) .

E x p e r im e n ts  w i th  a u d ib l e  sound  r e p o r t e d  i n  t h e  l i t e r a t u r e  

g e n e r a l l y  in v o lv e d  a n im a ls  h a v in g  h e a r in g  s y s te m s ;  p l a n t  

e x p e r im e n ta t io n  g e n e r a l l y  c o n c e rn s  g e rm in a t io n  and g ro w th .

1
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T h is  w ork w as i n i t i a t e d  t o  exam ine  th e  

sound  on th e  g e rm in a t io n  and  g ro w th  o f  o a ts

e f f e c t s  o f  a u d ib le  

and  w h e a t.
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LITERATURE REVIEW

M ost o f  th e  w ork on th e  e f f e c t s  o f  a u d ib le  sound  on a n im a ls  

in v o lv e s  a n im a ls  w i th  h e a r in g  s y s te m s .  K o itc h e v  (1969) fo u n d  t h a t  

sod ium  d i s t r i b u t i o n  changed  i n  th e  o rg a n  o f  C o r t i  u n d e r  c o n d i t io n s  

o f  r e l a t i v e  r e s t  and a f t e r  e x p o s u re  t o  so u n d . The i n c r e a s e  in  

sod ium  was a t t r i b u t e d  to  p o s s i b l e  c h a n g e s  i n  th e  p e r m e a b i l i t y  o f  

th e  e x c i t e d  m em branes. A le k s a n d ro v s k a y a  and C hezhenkova (1970) 

found  t h a t  th e  r a b b i t ' s  c e r e b r a l  c o r t e x  u n d e r  sound  e x p o s u re  had  

e n h an ced  s lo w  w aves and s p i n d l e s ,  p a r t i c u l a r l y  i n  th e  m o to r a r e a .  

They a l s o  found  t h a t  t h e r e  was an i n c r e a s e  in  a s t r o c y t e s  i n  th e  

deep  l a y e r s  o f  t h e  m o to r a r e a  b u t  a  d e c r e a s e  i n  th e  deep l a y e r s  o f  

th e  p r o j e c t i o n  a r e a  ( a u d i to r y  c o r t e x ) .

A n ichen  (1968) found  t h a t  i n  th e  h a i r  c e l l  n u c l e i  o f  th e  

o rg a n  o f  C o r t i ,  so u n d  t r e a tm e n t  c a u se d  th e  n u c l e i  num ber to  

i n c r e a s e  and  th e  RNA b u n d le s  to  b e  m ore co m p ac t. No e f f e c t s  w ere  

n o te d  i n  th e  n u c l e a r  volum e o r  c o n te n t  o f  N i s s l  s u b s ta n c e s  i n  th e  

n e rv e  c e l l s  o f  t h e  c o c h le a r  n u c l e i  o f  t h e  g u in e a  p ig  u s in g  f o u r  

d i f f e r e n t  f r e q u e n c ie s  (W u s te n fe ld  e t  a l . ,  1 9 7 0 ) . S v id e rs k a y a  

(1968) s tu d i e d  th e  e f f e c t s  o f  two f r e q u e n c ie s  on th e  m o to r a c t i v i t y  

o f  c h ic k s .  D i f f e r e n t  f r e q u e n c ie s  g a v e  d i f f e r e n t  r e s p o n s e s  and th e  

d e g re e  o f  r e s p o n s e  in c r e a s e d  a f t e r  th e  a u d i to r y  sy s te m s  o f  th e  

c h ic k s  h ad  d e v e lo p e d .

The e f f e c t s  o f  a u d ib le  so u n d  on p l a n t s  and  p l a n t  c e l l s  h a s  

been  exam ined  in  a  num ber o f  d i f f e r e n t  w ay s. S tu d ie s  by N o rth en

3
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and Mac V ic a r  (1939) show ed t h a t  sound  lo w e re d  th e  e l a s t i c i t y  o f  

th e  c y to p la sm  o f  S p i ro g y r a  by  20 p e r  c e n t  t o  64 p e r  c e n t .  H ig h e r  

r a t e s  o f  p h o to s y n th e s i s  f o r  p l a n t s  e x p o sed  t o  sound  h a v e  b een  

r e p o r t e d  by Gnanam (1 959 ) i n  S p i r o g y r a , and by  S in g h  (1959) f o r  th e  

w a te r  p l a n t  H y d r i l l a  v e r t i c i l l a t a .

P o p u la r  m a g a z in e s  and d a i l y  n e w sp a p e rs  f r e q u e n t l y  f e a t u r e  

r e p o r t s  w h ich  c o n c e rn  t h e  e f f e c t  o f  m u sic  o r  th e  spoken  w ord on 

p l a n t s .  Some r e f e r e n c e  t o  su c h  e f f e c t s  h a v e  b e e n  r e c o r d e d  i n  

s c i e n t i f i c  l i t e r a t u r e .  P o n n ia h  (1958) p la y e d  a  s i n g l e  n o te  to  

Mimosa p u d ic a , I m p a t ie n s  b a ls a m in a , T a g e te s  e r e c t a , and H y d r i l l a  

v e r t i c i l l a t a  and  found  an i n c r e a s e  i n  g ro w th . S in g h  and  P o n n ia h  

(1 9 5 4 , 1955) showed t h a t  p l a n t s  ex p o sed  t o  m u s ic a l  tu n e s  had  an 

i n c r e a s e  in  g ro w th  in  a l l  p a ra m e te r s  m e a su re d .

L isen k o v  (1966) fo u n d  t h a t  s e e d s  e x p o se d  t o  "so u n d  t r e a t e d  

w a te r "  h a d  an  i n c r e a s e  i n  "g ro u n d  g e rm in a t io n "  ( q u o ta t io n  m arks a r e  

m in e ) , i n  f r o s t  r e s i s t a n c e  and  b e t t e r  g ro w th . A m ylase a c t i v i t y  

i n c r e a s e d  in  th o s e  s e e d s  ex p o sed  t o  t h e  sound  f o r  p e r io d s  b e tw een  

0 .5  and 1 .0  h o u r s .  L o n g er t r e a tm e n t  d e c re a s e d  enzyme a c t i v i t y .

The e f f e c t s  o f a  s i n g l e  f re q u e n c y  a t  any  g iv e n  tim e  on th e  

g ro w th  o f  w h ea t r e v e a l  d i f f e r e n c e s  b e tw een  v a r i e t i e s  o f  w h e a t ,  

f re q u e n c y  u s e d ,  and tim e  o f  e x p o s u re .  W e in b e rg e r  and  M easu res 

(1968) u s in g  s p r in g  and  w i n t e r  w h e a ts  ( T r i t ic u m  a e s tiv u m )  found  

an i n c r e a s e  i n  g e rm in a t io n  and  b e t t e r  g ro w th  i n  w in t e r  w h ea t ( v a r .  

R id e a u ) and i n  some c a s e s  te m p e ra tu re  d ep en d en cy  o r  f re q u e n c y  

dependency  was o b s e rv e d . W ith  s p r in g  w h ea t ( v a r .  M a rq u is )
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g e rm in a t io n  w as i n c r e a s e d  a t  2°C and  10°C b u t  n o t  a t  25°C . The 

g ro w th  r e s p o n s e  o f  t h e  s p r in g  w h e a t was d e p e n d e n t upon t r e a tm e n t .

The same w o rk e rs  i n  a  m o d i f i c a t i o n  o f  th e  above e x p e r im e n t 

u s in g  s p r i n g  w h ea t n o te d  a  s i g n i f i c a n t  i n c r e a s e  i n  some o f  th e  

p a ra m e te r s  m e a su re d  when 300 Hz and  5 ,0 0 0  Hz w ere  em ployed 

(M easu res  and  W e in b e rg e r , 1 9 7 0 ) .

W h ile  m ost o f  th e  l i t e r a t u r e  r e p o r t s  p o s i t i v e  ( o r  s t i m u l a t i v e )  

g ro w th  e f f e c t s ,  some n e g a t iv e  e f f e c t s  h av e  b e e n  r e p o r t e d .  

W e in b e rg e r  and  Das (1 972 ) u s in g  s y n c h ro n iz e d  c u l t u r e s  o f 

S cenedesm us o b tu s i u s c u lu s  fo u n d  t h a t  4 ,0 0 0  Hz p ro d u c e d  a d e c re a s e  

i n  th e  r a t e  o f  c e l l  d i v i s i o n  and  t h a t  a f t e r  t r e a tm e n t  n o rm a l c e l l  

d i v i s i o n  d id  n o t  r e t u r n  u n t i l  two l i f e  c y c le s  h a d  e la p s e d .  O th e r  

n e g a t iv e  e f f e c t s  w ere  fo u n d  by  W o o d lie f  e t  a l . ,  (1 969 ) i n  to b a c c o  

p l a n t s  s u b je c t e d  t o  random  n o i s e .  T hese  p l a n t s  show ed a d e c l i n e  

i n  th e  r a t e  o f  g ro w th  by  o v e r  40 p e r  c e n t .
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METHODS AND MATERIALS

P l a n t  M a te r ia l

The tw o ty p e s  o f  c e r t i f i e d  g r a in s  u s e d  i n  t h e s e  e x p e r im e n ts ,  

o a t s  (A vena s a t i v a  v a r .  A uS ab le) and w h ea t (T r i t ic u m  a e s tiv u m  

v a r .  I o n ia )  w ere  p u rc h a s e d  from  Farm B u reau  S e r v ic e s  I n c . ,  

K alam azoo , M ic h ig a n . A l l  s e e d s  w ere  s to r e d  d u r in g  th e  c o u rs e  o f  

th e  e x p e r im e n ts  i n  a  r e f r i g e r a t o r  a t  a b o u t 8°C .

Sound S ou rce

Sound a t  a  f re q u e n c y  o f  300 Hz was g e n e r a te d  by an  a u d io -  

o s c i l l a t o r ^ -  c o n n e c te d  t o  an  a m p l i f i e r ^ .  The so u n d  i n t e n s i t y  was 

m easu red  by  m eans o f  a  so u n d  l e v e l  m e te r3  u s in g  th e  f C ' w e ig h t .

The a u d i o - o s c i l l a t o r  w as th e n  a d ju s t e d  t o  g iv e  100 -  3 db ( I X  10~2
r\

d y n es/cm  ) in  e a c h  o f  two g ro w th  ch am b ers . B ackg round  from  a l l  

f r e q u e n c ie s  w as 82 -  3 db i n  e a ch  o f  th e  g ro w th  ch a m b e rs . A n in e  

in c h  s p e a k e r  w as u se d  i n  a l l  e x p e r im e n ts  su sp e n d e d  by  h eav y  s t r i n g  

n e a r  th e  c e n t e r  o f  th e  ch am b er. U sin g  a  s y s te m  o f  h o o k s , th e  

s p e a k e r  c o u ld  b e  rem oved and  r e tu r n e d  to  th e  same p o s i t i o n  in  

e i t h e r  cham ber.

^ A u d i o - o s c i l l a t o r  made by th e  H e w le tt  P a c k a rd  C o ., P a la  A l to ,  
C a l i f o r n i a  (M odel 200D ).

^ A m p li f ie r  made by th e  D av id  Bogen C o ., New Y o rk , New York 
(M odel E 1 4 ) .

Sound l e v e l  m e te r  made by th e  G e n e ra l R ad io  C o ., W est 
C o n co rd , M a s s a c h u s e t t s .

6
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Growth C o n d it io n s

B oth  c o n t r o l  s e r i e s  and e x p e r im e n ta l  s e r i e s  c o n s i s t e d  o f  

5 p l a s t i c  d i s h e s ^  (155 mm X 63 mm) e a ch  l i n e d  w i th  A rm strong  # 6 

f i l t e r  p a p e r  and  e a ch  c o n ta in in g  15 ml o f  d i s t i l l e d  w a te r .  A ll  

c o n ta i n e r s  w ere  p la c e d  i n  c l e a r ,  p o ly e th y le n e  b a g s 3 w h ich  w ere  

c lo s e d  by  m eans o f  w ir e  t w i s t s .  The d i s h e s  w ere  p la c e d  in  

S h e r e r  C o n t r o l l e d  E n v ironm en t C ham bers^. E x p e r im e n ts  i n  w hich  

o a t s  w ere  t e s t e d  and th o s e  in  w hich  w h e a t w ere  t e s t e d  w ere  run  

s im u l ta n e o u s ly .

D is h e s  w ere  p la c e d  i n  t h e  c e n te r  o f  th e  cham ber w i th  th e  

e x p e r im e n ta l  d i s h e s  u n d e r  th e  s p e a k e r .  They w ere  p la c e d  i n  a 

p a t t e r n  a s  shown i n  F ig u re  1 . The c o n ta in e r s  w ere  k e p t  i n  c o n s ta n t  

d a rk n e s s  a t  20°C ±  1°C. The e x p e r im e n ta l  s e r i e s  was ex p o sed  to  

so u n d  c o n t in u o u s ly .  A c o n t r o l  g ro u p  was ru n  s im u l ta n e o u s ly  in  th e  

s e c o n d  cham ber u n d e r  th e  same c o n d i t io n s  b u t  w i th  no s o u n d , e x c e p t  

n o rm a l b a c k g ro u n d . A l l  s e e d s  w ere c o u n te d  a f t e r  5 d a y s . A t o t a l  

o f  8 s e p a r a t e  r u n s ,  4 r e p l i c a t i o n s  o f  th e  e x p e r im e n t ,  w ere  made 

and th e  g ro w th  cham bers w ere  in te r c h a n g e d  f o r  e a c h  s u c c e e d in g  ru n  

s o  t h a t  an ’ e x p e r im e n ta l ’ cham ber becam e a ’ c o n t r o l '  cham ber on

• '■ P lastic  c o n ta in e r s  w ere  o b ta in e d  from  B ra d le y  I n d u s t r i e s ,  
I n c . ,  F r a n k l in  P a r k ,  I l l i n o i s .

^ P a p e r  m a n u fa c tu re d  by th e  A rm stro n g  Cork C o ., L a n c a s te r ,  
P e n n s y lv a n ia .

^Bag made by  U nion C a rb id e  C o rp .,  Consum er P ro d u c ts  D iv i s io n ,  
270 P a rk  A venue, New Y ork , New Y ork , and  s o ld  u n d e r  th e  t r a d e  name 
o f  'G l a d ' .

^ S h e r e r - G i l l e t t  C o ., M a r s h a l l ,  M ic h ig a n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  1 . P h o to g ra p h  show ing i n s i d e  o f  e x p e r im e n ta l  g row th  cham ber w ith  d i s h e s  ( a l t e r n a t i n g ,  

o a t s  when w h ea t)  u n d e r  s p e a k e r .  C o n tro l  cham ber same b u t w ith  no s p e a k e r .

00
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on th e  n e x t  ru n  s y s t e m a t i c a l l y .

D e te rm in a t io n  o f  G e rm in a tio n  and  Growth 

A s e e d  was c o n s id e r e d  to  h a v e  g e rm in a te d  when i t s  r o o t  

o b ta in e d  a  l e n g th  o f  1 mm o r  m ore . Growth was a s s e s s e d  u s in g  th e  

m ethod o f  Thompson e t  a l . ,  (1945) w here  th e  l o n g e s t  r o o t  o f  e a ch  

s e e d  was m easu red  i n  mm. A mean r o o t  l e n g th  f o r  b o th  c o n t r o l s  and
, A

e x p e r im e n ta l s  was th e n  c a l c u l a t e d  u s in g  th e  r o o t  l e n g th s  o f  a l l  

s e e d s  t h a t  d id  g e rm in a te .

S t a t i s t i c a l  A n a ly s is  

R oot e lo n g a t io n  d a t a  w ere  a n a ly z e d  by m eans o f  a  two-way 

a n a l y s i s  o f  v a r i a n c e  (u n b a la n c e d  c a s e )  w here  f a c t o r  1 i s  th e  

d i f f e r e n c e  b e tw e en  c o n t r o l  and e x p e r im e n ta l  t r e a tm e n t s  and f a c t o r  2 

i s  th e  d i f f e r e n c e  b e tw e en  r u n s .  A n a ly s is  was c a r r i e d  o u t  u s in g  

W este rn  M ich ig an  U n i v e r s i t y 's  PDP-10 co m p u te r and  l i b r a r y  p rog ram  

# 1 .9 .2 .  The a n a l y s i s  was c a r r i e d  o u t  u s in g  o n ly  th o s e  s e e d s  t h a t  

d id  g e rm in a te .  I f  i n t e r a c t i o n  was a t  a  s i g n i f i c a n t  l e v e l  ( .0 5 )  

f o r  th e  r o o t  d a t a ,  i t  was f u r t h e r  a n a ly z e d ,  u s in g  mean v a lu e s  

o n ly ,  by l i b r a r y  p ro g ram  # 1 .9 .1  ( v e r s io n  2 ) .  T h is  two-way 

a n a l y s i s  o f  v a r i a n c e  p ro g ram  show ed th e  s i g n i f i c a n c e  o f  c o n t r o l /  

e x p e r im e n ta l ,  r e p l i c a t i o n ,  and g ro w th  cham ber d i f f e r e n c e s  w h i le  n o t  

lo o k in g  a t  th e  w i t h in  c e l l  v a r i a b i l i t y .  P e r  c e n t  g e rm in a t io n  d a ta  

was a l s o  a n a ly z e d  by  m eans o f  t h i s  p ro g ram  a s  t h e r e  was o n ly  one 

o b s e r v a t io n  p e r  c e l l  w i th  g e r m in a t io n .

In  b o th  p ro g ra m s , from  th e  'F '  v a lu e  g e n e r a te d ,  a  p r o b a b i l i t y  

l e v e l  was c a l c u l a t e d .
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RESULTS

Root E lo n g a t io n

T a b le s  1 and 2 ,  p a g e s  11 and  1 2 , show th e  a v e ra g e  le n g th  o f  

th e  l o n g e s t  r o o t  o f  g e rm in a te d  o a t  and w h ea t s e e d s  u n d e r  b o th  

c o n t r o l  and e x p e r im e n ta l  c o n d i t i o n s .  I n  b o th  c a s e s  th e  g ra n d  mean 

(GM) o f  th e  c o n t r o l  g ro u p  i s  s i g n i f i c a n t l y  g r e a t e r  th a n  th e  g ra n d  

mean o f  th e  e x p e r im e n ta l  g ro u p . T a b le s  3 , 4 , and  5 on p a g e s  13 , 15, 

and  16 show th e  r e s u l t s  o f  th e  s t a t i s t i c a l  a n a l y s i s .

O at s e e d s

W ith  o a t s  ( s e e  T a b le  1 , page  1 1 ) ,  t h e  g ra n d  mean o f  th e  

c o n t r o l  g ro u p  i s  1 1 8 .0 4  mm w h ile  th e  g ra n d  mean o f  th e  e x p e r im e n ta l  

g ro u p  i s  1 0 8 .6 4  mm. The d i f f e r e n c e  o b s e rv e d  i s  s i g n i f i c a n t  a t  

b e low  th e  0 .1  p e r  c e n t  l e v e l ^  ( s e e  T a b le  3 , p a g e  1 3 ) .  A 

s i g n i f i c a n t  d i f f e r e n c e  (b e lo w  th e  0 .1  p e r  c e n t  l e v e l )  i s  found  

b e tw een  th e  8 ru n s  o f  th e  e x p e r im e n t .  I n t e r a c t i o n  i s  s i g n i f i c a n t  

a t  be low  th e  0 .1  p e r  c e n t  l e v e l .

T a b le  5 ,  p ag e  1 6 , show s th e  a n a l y s i s  o f  r o o t  e lo n g a t io n  d a ta  

u s in g  mean v a lu e s  o n ly  and  l i b r a r y  p ro g ram  # 1 .9 .1  ( v e r s io n  2 ) .

The d a t a  h e r e  a r e  g ro u p e d  so  one  can  now s e e  t h a t  th e  d i f f e r e n c e  

b e tw een  g ro w th  cham bers A and  B i s  n o t  s i g n i f i c a n t  (9 3 .2 7  p e r  c e n t  

l e v e l ) .

1-As recom m ended by  R em ington  and S c h o rk  ( 1 9 7 0 ) ,  t h e  l e v e l  o f  
s i g n i f i c a n c e  w i l l  b e  r e p o r t e d  a lo n g  w i th  t h e  s ta t e m e n t  i f  th e  l e v e l  
i s  a t  a  s i g n i f i c a n t  l e v e l  f o r  t h i s  e x p e r im e n t  ( 5 .0  p e r  c e n t  l e v e l ) .
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R e p l i c a t i o n s

GM 1 2 3 4

C o n t r o l 118 .04 106 .86 105 .54 118 .46 115 .91 128 .6 8 1 31 .5 3 109 .35 126 .99

Sound 108 .64 9 5 .6 6 9 2 .3 7 1 00 .7 8 109 .86 117 .8 8 119 .62 124 .46 108 .30

1 2 3 4 5 6 7 8

Runs

T a b le  1. Mean l e n g t h  i n  nun o f  l o n g e s t  r o o t  o f  g e rm in a te d  o a t s  f o r  c o n t r o l  and 

sound t r e a t e d  s e e d s .  GM = Grand Mean.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

R e p l i c a t i o n s

GM 1 2 3

C o n t r o l 111 .66 110 .30 1 05 .45 106 .86 109 .30 1 1 9 .2 8 117 .26 1 08 .02 117 .14

Sound 108 .90 103 .61 1 06 .85 1 05 .83 106.41 116.74 109 .61 117 .32 105 .27

1 2 3 4 5 6 7 8

Runs

T a b le  2 . Mean l e n g t h  i n  mm o f  l o n g e s t  r o o t  o f  g e rm in a te d  w heat f o r  c o n t r o l  and 

sound  t r e a t e d  s e e d s .  GM = Grand Mean.
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/

Grand mean f o r  c o n t r o l  118 .04  mm

Grand mean f o r  e x p e r i m e n t a l  108 .64  mm

FACTOR F VALUE PROBABILITY

W eigh ted  means a n a l y s i s  o f  v a r i a n c e

D i f f e r e n c e  be tw een  c o n t r o l / e x p e r i m e n t a l 3 0 .73 0 .0 0 0

D i f f e r e n c e  be tw een  ru n s 16 .34 0 .0 0 0

I n t e r a c t i o n 4 .9 2 0 .0 0 0

T a b le  3 . Two-way a n a l y s i s  o f  v a r i a n c e  ( u n b a la n c e d  c a s e )  

( l i b r a r y  p rogram  // 1 . 9 . 2 ) .

f o r  r o o t  e lo n g a t i o n d a t a  o f  o a t s

CO
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Wheat s e e d s

The d a t a  f o r  w h e a t  ( s e e  T a b le  2 ,  p ag e  12) f o l l o w  a  s i m i l a r  

p a t t e r n  a s  i n  o a t s  show ing  an  i n h i b i t i o n  o f  g ro w th  i n  t h e  sound  

t r e a t e d  g r o u p .  The c o n t r o l  g ro u p  h a s  a  g ra n d  mean o f  11 1 .6 6  mm 

and t h e  g ra n d  mean o f  t h e  e x p e r i m e n t a l  g roup  i s  1 0 8 .9 0  mm. The 

d i f f e r e n c e  b e tw e e n  th e  two i s  a  s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  4 .1  

p e r  c e n t  l e v e l  ( T a b le  4 , p ag e  1 5 ) .  T h e re  i s  a s i g n i f i c a n t  

d i f f e r e n c e  b e tw e en  t h e  8 r u n s  (be low  t h e  0 .1  p e r  c e n t  l e v e l ) ;  and 

th e  i n t e r a c t i o n  i s  s i g n i f i c a n t  a l s o  b e i n g  be low  t h e  0 .1  p e r  c e n t  

l e v e l .

T a b le  5 ,  page  16 , shows t h e  a n a l y s i s  o f  r o o t  e l o n g a t i o n  d a t a  

u s in g  mean v a l u e s  o n l y .  The d i f f e r e n c e  b e tw een  t h e  f o u r  

r e p l i c a t i o n s  i s  s i g n i f i c a n t  b e lo w  t h e  1 .0  p e r  c e n t  l e v e l  b u t  t h e  

d i f f e r e n c e  b e tw e en  g ro w th  cham bers  A and  B i s  n o t  s i g n i f i c a n t  

(9 4 .5 6  p e r  c e n t  l e v e l ) .

G e rm in a t io n

T a b le s  6 and  7, p a g e s  17 and 1 8 ,  show t h e  p e r  c e n t  g e r m i n a t io n  

f o r  b o t h  o a t s  and  w h e a t .  T a b le  8 ,  p a g e  19, shows th e  l e v e l  o f  

s i g n i f i c a n c e  f o r  t h e  d i f f e r e n c e s .  I n  b o t h  o a t s  and  w h e a t ,  a 

s i g n i f i c a n t  d i f f e r e n c e  was n o t  found  b e tw een  p e r  c e n t  g e r m in a t io n  

f o r  e i t h e r  g ro w th  c h a m b e rs ,  r e p l i c a t i o n s ,  o r  c o n t r o l / e x p e r i m e n t a l  

d i f f e r e n c e s .

Oat s e e d s

A s i g n i f i c a n t  d i f f e r e n c e  was n o t  found  i n  p e r  c e n t  g e r m i n a t io n  

b e tw e en  c o n t r o l  and  e x p e r i m e n t a l  p l a n t s  ( 1 0 .0 3  p e r  c e n t  l e v e l ) ,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Grand mean f o r  c o n t r o l  

Grand mean f o r  e x p e r i m e n t a l

1 1 1 .6 6  mm 

1 0 8 .9 0  mm

FACTOR F VALUE PROBABILITY

W eigh ted  means a n a l y s i s  o f  v a r i a n c e

D i f f e r e n c e  be tw een  c o n t r o l / e x p e r i m e n t a l 4 .1 8 0 .0 4 1

D i f f e r e n c e  be tw een  ru n s 4 .9 6 0 .0 0 0

I n t e r a c t i o n 2 .8 1 0 .0 0 7

T a b le  6 . Two-way a n a l y s i s  o f  v a r i a n c e  ( u n b a la n c e d  c a s e )  f o r  r o o t  e l o n g a t i o n  d a t a  o f  w heat 

( l i b r a r y  p rog ram  // 1 . 9 . 2 ) .
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FACTOR F VALUE PROBABILITY

O ats

D i f f e r e n c e betw een c o n t r o l / e x p e r i m e n t a l 8 .6 7 0 .0 1 0 7

D i f f e r e n c e be tw een r e p l i c a t i o n s 16 .92 0 .0 0 0 3

D i f f e r e n c e be tw een chamber A and B 0 .0 0 7 5 0 .9 3 2 7

Wheat

D i f f e r e n c e be tw een c o n t r o l / e x p e r i m e n t a l 4 .5 9 0 .0 5 7 8

D i f f e r e n c e betw een r e p l i c a t i o n s 1 1 .9 3 0 .0 0 1 2

D i f f e r e n c e be tw een chamber A and B 0 .0049 0 .9 4 5 6

T a b le  5 .  Two-way a n a l y s i s  o f  v a r i a n c e  o f  o a t s  and w heat r o o t  e l o n g a t i o n  d a t a  u s in g  mean 

v a lu e s  o n ly  ( l i b r a r y  p rogram  // 1 . 9 . 1  ( v e r s i o n  2 ) ) .

C T >
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FACTOR F VALUE PROBABILITY

O ats

D i f f e r e n c e be tw een c o n t r o l / e x p e r i m e n t a l 3 .278 0 .1 0 0 3

D i f f e r e n c e b e tw een r e p l i c a t i o n s 1 .1 8 3 0 .3 6 4 8

D i f f e r e n c e be tw een cham ber A and B 0 .2 0 4 0 .6 6 1 1

Wheat

D i f f e r e n c e be tw een c o n t r o l / e x p e r i m e n t a l 0 .4 2 2 0 .5 3 0 6

D i f f e r e n c e be tw een r e p l i c a t i o n s 0 . 798 0 .5 2 2 7

D i f f e r e n c e be tw een chamber A and B 0 .0 0 0 1 .0000

T a b le  8 . Two-way a n a l y s i s  o f  v a r i a n c e  o f  o a t s  and w hea t  g e r m in a t io n  d a t a  ( l i b r a r y  p rogram  

1 . 9 . 1  ( v e r s i o n  2 ) ) .

v o

\



b e tw e en  r e p l i c a t i o n s  ( 3 6 .4 8  p e r  c e n t  l e v e l ) ,  o r  b e tw e e n  g row th  

cham bers  A an d  B ( 6 6 .1 1  p e r  c e n t  l e v e l ) .

Wheat s e e d s

As i n  o a t s ,  a s i g n i f i c a n t  d i f f e r e n c e  was n o t  fo u n d  be tw een  

p e r  c e n t  g e r m i n a t io n  o f  c o n t r o l  and e x p e r i m e n t a l  p l a n t s  (5 3 .0 6  p e r  

c e n t  l e v e l ) ,  b e tw e e n  r e p l i c a t i o n s  ( 5 2 .2 7  p e r  c e n t  l e v e l ) ,  o r  

b e tw een  g ro w th  cham bers  A and  B (1 0 0 .0 0  p e r  c e n t  l e v e l ) , .
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DISCUSSION

P l a n t s  t r e a t e d  w i t h  300 Hz sou n d  showed a  s i g n i f i c a n t  

i n h i b i t i o n  o f  r o o t  e l o n g a t i o n  i n  b o t h  o a t s  and  w hea t  a l t h o u g h  

t h e r e  was a  g r e a t e r  i n h i b i t i o n  i n  o a t s .  H ow ever, no  s i g n i f i c a n t  

ch an g e  was o b s e rv e d  i n  t h e i r  g e r m i n a t i o n .

I n  a l l  r u n s ,  c o n s i d e r a b l e  v a r i a t i o n  i s  o b s e r v e d  i n  b o th  

c o n t r o l  and  e x p e r i m e n t a l  g r o u p s .  I n  o a t s ,  c o n t r o l  p l a n t s  show a  

low mean o f  1 0 5 .5 4  mm and  a  h ig h  mean o f  1 3 1 .5 3  mm; e x p e r i m e n t a l  

p l a n t s  on t h e  o t h e r  h a n d  show a  low mean o f  9 2 .3 7  mm and  a  h ig h  

mean o f  1 2 4 .4 6  mm. Wheat c o n t r o l  s e r i e s  shows a  low mean o f  1 05 .45  

mm and a  h i g h  mean o f  1 1 9 .2 8  mm. The e x p e r i m e n t a l  s e r i e s  i n  w h e a t  

shows a  low mean o f  1 0 3 .6 1  mm and a  h i g h  mean o f  1 1 7 .3 2  mm.

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

g ro w th  cham ber d i f f e r e n c e s  ( s e e  T a b le  5 ,  p a g e  1 6 ) .  T h i s  means t h a t  

e a c h  ru n  o f  t h e  e x p e r im e n t  can b e  c o n s i d e r e d  a  r e p l i c a t i o n  o f  th e  

e x p e r i m e n t .  A s t a t i s t i c a l  check  showed t h a t  t h e  d i f f e r e n c e s  i n  

mean r o o t  l e n g t h  i n  g ro w th  chamber A and  i n  g ro w th  cham ber B a r e  

n o t  s i g n i f i c a n t  ( i . e .  a b o u t  t h e  9 4 .0 0  p e r  c e n t  l e v e l ) .  However, 

v i s u a l  i n s p e c t i o n  o f  t h e  s e e d s  showed d i f f e r e n c e s  i n  m o r p h o lo g ic a l  

t y p e s  and  t h e r e f o r e  t h e  o b s e r v e d  v a r i a b i l i t y  may b e  due t o  g e n e t i c  

f a c t o r s .

M o re o v e r ,  i t  i s  p o s s i b l e  t h a t  i f  t h e r e  o c c u r r e d  any  

v a r i a t i o n  o f  n o i s e  i n  t h e  c h a m b e rs ,  w h a t e v e r  t h e  s o u r c e ,  r o o t  

e l o n g a t i o n  c o u ld  b e  a f f e c t e d  (W o o d l ie f  e t  a l . ,  1 9 6 9 ) .  B ackground
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n o i s e  can  r e a s o n a b l y  b e  assum ed t o  b e  n e a r l y  o f  t h e  same i n t e n s i t y  

i n  b o t h  g row th  cham bers  s i n c e  t h e  two cham bers  em ployed  a r e  o n ly  a  

f o o t  o r  so  a p a r t  and  t h u s  any l a b o r a t o r y  n o i s e  w ould  im p in g e  upon 

e a c h  cham ber w i t h  e q u a l  i n t e n s i t y .  F u r th e r m o r e ,  t h e  c i r c u l a t i n g  

f a n s  i n  b o t h  cham bers  a r e  i d e n t i c a l .  F i n a l l y ,  t h e  c o m p re s so rs  a r e  

f a r  rem oved from  t h e  cham bers  and  t h u s  t h e i r  n o i s e  can  s a f e l y  be  

e l i m i n a t e d  from  c o n s i d e r a t i o n .  I t  a p p e a r s ,  t h e r e f o r e ,  t o  

c o m p l e t e l y  e l i m i n a t e  t h e  above  p o s s i b i l i t y ,  i . e .  v a r i a t i o n  o f  n o i s e  

w ou ld  r e q u i r e  g ro w th  cham bers  w i t h  no b a c k g ro u n d  s o u n d ,  w h ich  a r e  

b o t h  d i f f i c u l t  a n d  e x p e n s iv e  t o  c o n s t r u c t  and  beyond  t h e  sc o p e  o f  

t h i s  s t u d y .

I n  g e n e r a l ,  mean v a l u e s  i n  a l l  s e r i e s ,  c o n t r o l  o r  e x p e r i m e n t a l  

i n c r e a s e  o r  d e c r e a s e  s i m u l t a n e o u s l y ;  i . e .  i f  a  c o n t r o l  mean v a lu e  

i n c r e a s e s ,  when com pared  w i t h  t h e  p r e v i o u s  r u n ,  t h e  e x p e r i m e n t a l  

mean v a l u e  a l s o  i n c r e a s e s  and v i c e  v e r s a .  T h is  d a t a  s u g g e s t s  t h a t  

t h e  v a r i a b i l i t y  b e tw e e n  r u n s  m ig h t  b e  due t o  a  ’b i o l o g i c a l  rh y th m ’ . 

I t  w ou ld  b e  o f  v a l u e  t o  p u r s u e  t h i s  i n t e r e s t i n g  p o s s i b i l i t y  i n  

f u t u r e  e x p e r i m e n t a t i o n .

I t  i s  p o s s i b l e  t h a t  t h e  r e v e r s a l  o b s e r v e d  i n  ru n  # 2 f o r  w h e a t  

(T a b le  2 ,  p a g e  12) i s  n o t  s i g n i f i c a n t .  H ow ever, t h e  o b s e r v a t i o n  

t h a t  ru n  # 7 d i d  n o t  show r o o t  i n h i b i t i o n  w i t h  sound  ( T a b le s  6 and 

7 ,  p a g e s  17 and 18) w h i l e  t h e  o t h e r  r u n s  d i d  f o r  b o th  o a t s  and 

w h e a t  i s  d i s t u r b i n g .

Low est g e r m i n a t i o n  v a l u e s  a l s o  a r e  o b s e r v e d  i n  ru n  # 7 f o r  

b o t h  o a t s  and w h e a t  ( T a b le s  6 and  7 ,  p a g e s  17 an d  1 8 ) .  These  

v a l u e s  c a n n o t  b e  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  g ro w th  ch am b ers .  I t
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i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  g e r m i n a t io n  and e l o n g a t i o n  a r e  

r e l a t e d  i n  t h e s e  e x p e r i m e n t s .

F u r th e r m o r e ,  s i n c e  t h e r e  i s  s i g n i f i c a n t  i n t e r a c t i o n  i n  t h i s  

e x p e r im e n t  ( T a b le s  3 and  4 ,  p a g e s  13 and  1 5 ) ,  we c a n n o t  b e  s u r e  

t h a t  t h e  o b s e rv e d  e f f e c t s ,  i . e .  i n h i b i t i o n  o f  r o o t  e l o n g a t i o n ,  i s  

due t o  s o u n d .  I t  i s  i n t e r e s t i n g  to  n o t e ,  how ever ,  t h a t  i f  ru n  # 7 

i s  n o t  i n c l u d e d  i n  t h e  a n a l y s i s  f o r  b o t h  o a t s  and  w h e a t ,  t h e  

i n t e r a c t i o n  i s  no l o n g e r  s i g n i f i c a n t  (above  th e  5 0 .0 0  p e r  c e n t  

l e v e l )  and  t h e  d a t a  p o i n t  t o  a  m ost d r a m a t i c  i n h i b i t i o n .

G e rm in a t io n  i n  b o t h  o a t s  and w hea t  t r e a t e d  by  300 Hz sound 

f a i l s  t o  show s i g n i f i c a n t  d i f f e r e n c e s  ( T a b le  8 ,  p ag e  1 9 ) .  I t  

m ig h t  be d e s i r a b l e  t o  c a r r y  on a d d i t i o n a l  e x p e r i m e n t a t i o n  w i t h  o a t s  

b e c a u s e  t h e  d a t a  a r e  n o t  s i g n i f i c a n t  a t  t h e  5 .0  p e r  c e n t  l e v e l  

a l t h o u g h  t h e  d a t a  do show s i g n i f i c a n c e  a t  t h e  1 0 .0 3  p e r  c e n t  l e v e l .

In  t h e s e  e x p e r im e n t s  o n ly  300 Hz was em ployed . L ise n k o v  

(1966) , M easu res  and  W e in b e rg e r  (1970) and W e in b e rg e r  and  Das 

(1972)  r e p o r t  d i f f e r e n c e s  i n  t h e  same s p e c i e s  when t h e  f r e q u e n c y  

i s  v a r i e d .  P r e l i m i n a r y  e x p e r im e n t s  n o t  r e a d y  f o r  i n c l u s i o n  i n  t h i s  

r e p o r t  i n d i c a t e  t h a t  600 Hz (104 db) sound  t r e a t e d  p l a n t s  show 

a s i g n i f i c a n t  ( 2 .0 0  p e r  c e n t  l e v e l )  i n h i b i t i o n  o f  r o o t  e l o n g a t i o n  

i n  o a t s  an d  i n  cucum ber. I n  b o t h  c a s e s ,  g e r m i n a t io n  was n o t  

a f f e c t e d .

I n  c o n c l u s i o n ,  I  h a v e  r e j e c t e d  t h e  n u l l  h y p o t h e s i s  —

Uc = Ue ( r o o t  e l o n g a t i o n ) .  I  am n o t  a b l e  t o  s t a t e  c o n c l u s i v e l y ,  

on t h e  b a s i s  o f  a  s t a t i s t i c a l  a n a l y s i s  w h ic h  i n c l u d e s  a l l  r u n s ,  

t h a t  t h e  r e d u c t i o n  i n  r o o t  e l o n g a t i o n  i s  due t o  t h e  sound
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t r e a t m e n t .  How ever, i f  run  # 7 i s  n o t  i n c l u d e d  i n  t h e  a n a l y s i s ,  

t h e  d a t a  p o i n t  c o n c l u s i v e l y  t o  i n h i b i t i o n  o f  r o o t  e l o n g a t i o n  by 

300 Hz sou n d  i n  o a t s  and  w h e a t .  I n  f u t u r e  e x p e r i m e n t s ,  more 

a t t e n t i o n  s h o u ld  be  g iv e n  t o  r e d u c i n g  t h e  v a r i a b i l i t y  b e tw e en  

r u n s ,  o r  t o  a c c o u n t  f o r  s u c h  v a r i a b i l i t y  by  means o f  s t a t i s t i c a l  

t r e a t m e n t .  A l s o ,  e x p e r im e n t s  s h o u ld  be d e s ig n e d  w h ich  c o n s i d e r  

g e n e t i c  v a r i a b i l i t y ,  b i o l o g i c a l  rh y th m s ,  o r  t h e  e f f e c t  o f  low 

g e r m i n a t io n  and  t h e i r  i n t e r a c t i o n  w i t h  so und  t r e a t m e n t .  The 

n u l l  h y p o t h e s i s  f o r  t h e  e f f e c t  o f  300 Hz so und  on g e r m i n a t io n  —  

Uc = Ue —  i s  n o t  r e j e c t e d .
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r e i n t o n b e s c h a l l u n g  (M e e rsc h w e in c h e n ) . (The i n f l u e n c e  o f  
so u n d  s t i m u l a t i o n  w i t h  p u r e  to n e  on n u c l e a r  volum e and  c o n t e n t  
o f  N i s s l  s u b s t a n c e  i n  t h e  n e r v e  c e l l s  o f  t h e  c o c h l e a r  n u c l e i  
i n  t h e  g u i n e a  p i g ) .  Z. A n a t . E n tw ic k lu n g s g e s c h . 1 3 1 ( 4 ) :  
3 5 3 -3 6 3 .
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