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Abs trac t  

T he  p ur po se  o f t h is  s t ud y is  t o  inve s t iga t e  t he  g r o w ing  o f a  

lo ca l  s t r a in - B la ck  le a f,  a  va r ie t y o f g r ee n o n io n ca l le d  S hy - Z ih ,  

T he y wer e  p la nt ed  in  t he  g r o wt h c ha mber s  fo r  fo go po n ic  a nd  

hyd r o po n ic  cu lt u r e  s ys t e ms.  T hr ee  k in ds  o f l ig ht  qu a l it ie s  a r e  u sed  

as  a r t i f ic ia l  l ig ht  so ur ce .  Add i t io na l ly,  t he  so l id - p ha s e  

mic r o e xt r ac t io n ( SPME )  a nd  gas  chr o mat o gr aph y -  ma s s  

spe c t r o met r y ( G C - MS)  wer e  u s ed  to  ana lyz e  t he  vo la t i le  

co mpo ne nt s  f r o m t he  lea ve s  a nd  r o o t s .  

F ir s t  i s  t o  es t a b l is h  t he  p r o per  l ig ht  int e ns it y,  t he  me a sur ed  

l ig ht  s a t u r a t io n po int  o f t he  B la ck  le a f  is  382 . 1 m - 2

s - 1  ( equ iva le nt  t o  2 4 , 993 . 46  ±  1 , 818  lu x)  i f  t he  in it ia l  co nc e nt r a t io n  

o f ca r bo n d io x id e  w as  a t  1 , 500 ±4 3  pp m;  w he n  t he  in it ia l  

co nc e nt r a t io n  o f c a r bo n d io x id e  inc r ea sed  a t  3 , 000±71 pp ,  t he  l ig ht  

m- 2 s - 1 .  

No  s ig n i f ic a nt  d if fe r e nce  in  t he  g r ee n- le a f g r o wt h r a t e  

( g r ee n- le a f  s u r fac e  a r e a )  by fo g o po n ic  a nd  hydr o po n ic  cu lt u r e  

s ys t e ms .  Bu t  t he  a ver ag e  o f r o o t ing  nu mber  a nd  g r o wt h r a t e  w it h  

fo go po n ic  cu lt iva t io n  is  be t t e r .  

U nder  t he  w h it e ,  r ed  a nd  b lu e  l ig ht ,  t he  a ve r age  g r o wt h nu mber  

o f le a f  a nd  su r fa ce  a r e a  o f B la ck  lea f  it  ma ke s  s ig n i f ic a nt  

d if fe r e nce  a mo ng  t he m a nd  i t  g r o ws  be s t  under  t he  w h it e  l ig ht .  T he  

a na lyz ing  co nd it io n o f t he  vo la t i le  co mpo ne nt s  o f  fr e s h le a ves  is  t o  

hea t  t emper a t u r e  up  t o  75   and  SPME  hea t ing  adso r p t io n fo r  7  
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m inu t es .  

T he  D ip r o p y l d is u l f ide 1 , 2 - D it h io la ne  and  D ip r o p y l t r isu lf id e  

o f g r ee n- le a f  o f 'B la ck  Le a f  co nt ent s  i s  h ig her  t ha n  it  g r o w n u nd er  

r ed  a nd  b lue  l ig ht .  T he  3 , 5 - D ie t hy l - 1 , 2 , 4 - t r it h io la ne  co nt e nt s  is  

h ig he r  t ha n it  g r o w n u nder  o t he r  t wo  k ind s  l ig ht  a nd  t he  vo la t i le  

co mpo u nd s  a r e  t he  lo w es t  a mo ng  a l l .  

    T he  r o o t s  o f t he  B la ck - le a f  co nt e nt  mo r e  vo la t i le  

co mpo u nd s  t ha n t he  g r ee n- le a f .  I f  t he  r oo t s  a r e  g r o wn u nder  t he  

b lu e  l ig ht ,  t he  5  k ind s  o f vo la t i le  co mpo u nd s( Met h y l 2 - p r o pe ny l  

d isu l f id e D imet hy l  t r is u l f ide , ( Z) - 1 - ( met hy l t h io ) - 1 - p r o pe ne

( E ) - 1 - ( met h y lt h io ) - 1 - p r o pe ne 3- I so pr o p yl - 4 - met hy l - d ec - 1 - e n- 4 - o l)  

co nt e nt  a r e  h ig her  t ha n it  g r o wn u nd e r  r ed  and  b lu e  l ig ht  a nd  t he  

d if fe r e nce  is  ve r y s ig n i f ic a nt .  Bes id es ,  co mp ar e  w it h t he  r o o t s  

g r o wn in g r ee nho u se ,  t he  3  k ind s  o f vo la t i le  co mpo u nd s  a r e  h ig her  

t ha n it  w as  g r o w n u nd er  t he  n a t u r a l l i ght .  T he  5  k ind s  o f vo la t i le  

co mpo u nd s  o f r o o t s ,  Met hy l p r o p yl  d is u lf id e D ipr o p y l d is u l f ide

3 , 3 - D imet hy l - p ip er id ine 2- [ ( met hy lt h io ) e t h yn y l] - t h io p he ne  a nd  

3 , 5 - D ie t h y l - 1 , 2 , 4 - t r it h io la ne ,  a r e  h ig her  t ha n t he  g r ee n - le a f  bu t  t he  

1 , 2 - D it h io la ne  is  o ppo s it e .  

 

Ke y wo r d s :  indo o r  cu lt iva t io n ,  fo go po n ic ,  l ig ht  qua l it y,  l ig ht  

in t e ns it y,  SPME,  G C - MS  

 



 

v i i  

  

 

   

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i  

. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i  

. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i i  

Abst r ac t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v  

. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x iv  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  



 

v i i i  

  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73  

  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75  

. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

i x  

  

 

 

 

 1 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

F ig .  1 .  Gr e e n o n io n ( A l l ium f i s tu lo sum  L . )  B la ck  L ea f  . . . . . . . . . . . . . . .  28  

 2 . 3D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

F ig .  2 .  3D- d iag r a m o f se l f - a ss e mb ly g r o wt h cha mbe r  . . . . . . . . . . . . . . . .  29  

 3 .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

F ig .  3 .  Pe r spe c t ive  o f s e l f - a ss e mb ly g r o wt h cha mbe r  . . . . . . . . . . . . . . . . .  30  

 4 . ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

F ig .  4 .  I nt e r io r  s t r uc t u r e  o f se l f - as se mbly g r o wt h c ha mber ( 1 )  . . . . .  31  

 5 .  ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

F ig .  5 .  I nt e r io r  s t r uc t u r e  o f se l f - as se mbly g r o wt h c ha mber ( 2 )  . . . . .  32  

 6 .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

F ig .  6 .  Au t o mat ic  co nt r o l a nd  da t a  co l l ec t io n s ys t e m  . . . . . . . . . . . . . . . . .  33  

 7 .  ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

F ig .  7 .  D ia g r a m o f fo go po n ic  s ys t e m( 1 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

 8 .  ( )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

F ig .  8 .  D ia g r a m o f fo go po n ic  s ys t e m( 2 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

 9 .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

F ig .  9 .  Se l f - as se mb ly d e v ic e  o f ca lc u la t e  r a t e  o f p ho t o s ynt he s is  .  35  

 10 .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

F ig .  10 .  Ca lc u la t e  met ho d  o f Gr e e n- le a f  a r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

 11 .   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  



 

x  

  

F ig .  11 .  F lo wc har t  o f c a lcu la t e  o f ima g e  c r o ss - se c t io na l  a r ea  . . . . .  36  

 12 .  1 500  pp m

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

F ig .  12 .  Var ia t io n o f ca r bo n d io x ide  co nce nt r a t io n o f  Gr ee n o n io n 

va r ie t y B la ck  L ea f a t  d i f fe r e nt  le ve l  o f l ig ht  in it e ns it y  in  15 00  

pp m in it ia l CO 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

 13 .  3 000  pp m

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46  

F ig .  13 .  Var ia t io n o f ca r bo n d io x id e  co nce nt r a t io n o f  g r ee n o n io n 

va r ie t y B la ck  L ea f a t  d i f fe r e nt  le ve l  o f l ig ht  in it e ns it y  in  30 00  

pp m in it ia l CO 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46  

 14 .  1 500 30 00  pp m

( n=3)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47  

F ig .  14 . N et  pho t o s ynt he t ic  r a t e  o f g r ee n o n io n var ie t y B la ck  Lea f

in  1 500  a nd  300 0  pp m in it ia l  C O 2 ( n=3)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47  

 15 .   48  

F ig .  15 .  Aver age  g r o wt h t e nd e nc y o f g r ee n le a f  su r fa c e  a r e a  pe r  

p la nt  o f g r e e n o n io n var ie t y B la c k  L ea f b y fo go po n ic  . . . . . . . . . . .  48  

 16 . 49  

F ig .  16 .  Aver age  g r o wt h t e nd e nc y o f g r ee n le a f  su r fa c e  a r e a  pe r  

p la nt  o f g r e e n o n io n var ie t y B la c k  L ea f b y hydr o po n ic  . . . . . . . . .  49  

 17 .  

( n=1 5)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50  

F ig .  17 . Aver ag e  g r o wt h r a t e  o f g r e e n l ea f  su r fa c e  a r e a  pe r  p la nt  o f 

g r ee n o n io n var ie t y B la ck  Lea f b y fo g o po n ic  a nd  hydr o po n ic ( n=15)



 

x i  

  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50  

 18 .  ( n=15)  51  

F ig .  18 .  Gr o wt h r a t e  o f r o o t  o f g r e e n o n io n var ie t y B la c k  Le a f

by fo go po n ic  a nd  hydr o po n ic ( n= 15)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51  

 19 .   

n=15 ( P< 0 . 001 LS D=1. 4 821)  . . . . . . . . . . . . . . .  52  

F ig .  19 . Aver ag e  r o o t  imag e  s ec t io na l a r ea  o f g r ee n o n io n va r ie t y

B la ck  Le a f b y fo go po n ic  a nd  hydr o po n ic  . . . . . . . . . . . . . . . . . . . . . . . . . . .  52  

 20 .   . . . . . . . . . . . . . . . . . . . . . . . . .  53  

F ig .  20 .  Ro o t  ima ge  o f g r e e n o n io n var ie t y B la ck  Le a f b y 

fo go po n ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  

 21 .   . . . . . . . . . . . . . . . . . . . . . . . . .  53  

F ig .  21 .  Ro o t  ima ge  o f g r e e n o n io n var ie t y B la ck  Le a f b y 

hyd r o po n ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  

 22 .  40

( n=8)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54  

F ig .  22 .  T he  r e la t io n o f be t we e n a ver a ge  lea f  nu mber  a nd  

g r ee n- le a f  a ver ag e  su r fa c e  a r ea  o f g r e e n o n io n var ie t y B la ck  L ea f

by r ed  l ig ht  t r ea t me nt s  du r ing  40  da ys( n=8)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54  

 23 .  40

( n=8)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55  

F ig .  23 .  T he  r e la t io n o f be t we e n a ver a ge  lea f  nu mber  a nd  

g r ee n- le a f  a ver ag e  su r fa c e  a r ea  o f g r e e n o n io n var ie t y B la ck  L ea f

by b lue  l ig ht  t r ea t me nt s  d u r ing  40  d a ys ( n= 8)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  55  

 24 .  40



 

x i i  

  

( n=8)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56  

F ig .  24 .  T he  r e la t io n o f be t we e n a ver a ge  lea f  nu mber  a nd  

g r ee n- le a f  a ver ag e  su r fa c e  a r ea  o f g r e e n o n io n var ie t y B la ck  L ea f

by w hit e  l ig ht  t r ea t me nt s  du r ing  4 0  da ys ( n=8)  . . . . . . . . . . . . . . . . . . . . . . . . . .  56  

 25 .  4 0  . . . . . . . . . . . . .  57  

F ig .  25 .  Aver age  le a f  nu mber  o f g r e e n o n io n va r i e t y B la c k  L e a f

by t hr ee  l ig ht  t r ea t me nt s  du r ing  4 0  da ys ( n= 8)  . . . . . . . . . . . . . . . . . . . . . . . . . .  57  

 26 .  4 0 ( n= 8)  58  

F ig .  26 .  Gr ee n- le a f  a ve r a ge  s u r fac e  a r e a  o f g r ee n o n io n va r ie t y

B la ck  Le a f b y t hr e e  l ig ht  t r ea t me n t s  du r ing  40  da ys( n=8)  . . . . .  58  

 27 .  SPME 3 5 7 A I

A I  AT C

A I S

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59  

F ig .  27 .  T he  inde x  o f A I  o f ea c h co ns t it ue nt s  o f SP ME  a bso r bed 3 ,  5  

a nd  7  minu t e s  in  t hr e e  t e mp er a t u r e  r eg ime s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59  

 28 .  19

A I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60  

F ig .  28 .  A I  va lu e  o f 19  vo la t i le  co mpo ne nt s  o f g r ee n o n io n var ie t y

B la ck  Le a f g r ee n- le a f  u nder  t hr e e  l ig ht  qu a l it ie s  t r ea t me nt s  .  60  

 29 .  

28 A I ( 9 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61  

F ig .  29 .  A I  va lu e  o f 28  vo la t i le  co mpo ne nt s  o f g r ee n o n io n var ie t y

B la ck  Le a f r o o t  und er  t hr ee  l ig ht  q ua l it ie s  t r ea t me nt s  a nd  

su n- l ig ht  cu lt u r e ( no t  inc lude  No .  9 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61  



 

x i i i  

  

 30 .  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62  

F ig .  30 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  b lu e  l ig ht  t r ea t me nt  . . . .  62  

 31 .  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63  

F ig .  31 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  r ed  l ig ht  t r ea t me nt  . . . . . .  63  

 32 .  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64  

F ig .  32 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  w h it e  l ig ht  t r ea t me nt  . . .  64  

 33 .   . . . . .  65  

F ig .  33 .  D i f fe r e nce  o f  a ve r a ge  co nt ent  o f vo la t i le  co mpo ne nt s  o f 

g r ee n o n io n var ie t y B la ck  L ea f g r e e n- le a f a nd  r o o t  . . . . . . . . . . . . . .  65  

 

 

 

 

 

 

 

 



 

x i v  

  

 

 

 1 . LE D ( )  . .  66  

Tab le  1 .  T he  l ig ht  int e ns it y( lu x  a nd  m- 2 s - 1 )  o f d i f fe r e nt  

nu mber  o f L ig ht - E mit t ing  D io de  la mp s  . . . . . . . . . . . . . . . . . . . . . . .  66  

 2 .  

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67  

Tab le  2 .  T he  e ig ht  vo la t i le  co mpo ne nt s ,  r e spe c t ive ly  u nd er  t he  be s t  

co nd it io ns  fo r  t he  d i f fe r e nt  hea t ing  ad so r p t io n 

t ime s  a nd  hea t ing  t e mper a t u r e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67  

 3 .  . . . . . . . . . . . . . . . . .  69  

Tab le  3 .  Aver ag e  r e t e nt io n t ime  o f a l l  vo la t i le  co mpo ne nt s  o f 

g r ee n- le a f  a nd  r o o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69  

 4 .  19

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60  

Tab le  4 .  D i ffe r e nce  o f 19  vo la t i le  co mpo ne nt s  o f g r e e n - le a f ,  

r e sp ec t ive ly  u nder  t hr ee  l ig ht  qu a l it ie s  t r ea t me nt s  . . . . . . . .  70  

 5 .  28

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61  

Tab le  5 .  D i ffe r e nce  o f 19  vo la t i le  co mpo ne nt s  o f r o o t  under  t hr ee  

l ig ht  qu a l it ie s  t r ea t me nt s  a nd  su n - l ig ht  cu lt u r e  . . . . . . . . . . . .  71  

 



 

1  

  

  

 ( 1994 20 03)  

 ( 2003 T e ys s ie r  a nd  S ie s s ,  

2000)    

2 010 ( A l l iu m f i s tu lo sum  

L. ) 4 , 9 72 ( 1 , 832 )

( 1124 ) ( 628 ) ( 350 )

6 28 11 , 913

12 . 7%

5 (

17 )

( 2 - 5 ) ( 6 - 9 ) ( 10 - 1 )  ( 2007)  



 

2  

  

( 2001a)  

 

 

1 .  

( 20 09)  

2 .  

( 20 11 )  

3 .  

( 19 94)  

4 .  

 (

20 11)  

     



 

3  
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A l l ium f i s tu lo su m  L. ( Al l ic ea ce ) ( A l l ium )

( 1995) We ls h  o n io n

Gr ee n bu nc h ing  o n io n Spr ing  o n io n Gr ee n o n io n  Jap a ne s e  

bu nc h ing  o n io n

4~6

1 ~2 mm 30 ~40 c m

40~75 c m (

1995 2001 b 2 003)  

( 2 008) 1313

1066

40 ( Fe ng ,  1994)

( Fe ng ,  199 4 ;  L az ic  e t  a l . ,  1997)

( 2004)

 

( )  

( )



 

5  

  

2 ~3

 

1 .  

40~45

8 ~10 ( 19 91)  

2 .   

( 1 )  24~ 30 3

( 1991)  

( 2 )  (

1991)  

( 3 )  3 0~3 6

9

~10 ( 1 994 199 1)  

3 .  (

1991)  

( )  

3 9 6 12

12 3 ( 1993 19 94

1994 19 95)  

( )  



 

6  

  

3 4

(

1993 1994 1994 1995)

( 200 9)

 

1 .  1

29 319 76 17

6 25 1 4 15

 

2 .  

 

3 .  2 31

296 70 15 6

30 13 1 2  

4 .  3

24 279 76 18

6 24 1 5 15

( 2 0 11)  



 

7  

  

 

8~9

1~3

2 ~3

(  20 05) 1 mg / L 5 mg/ L T DZ

MS 1. 5 1 mg/ L N AA

MS 1 4 3- 62 20

80~9 0 5 ~6c m

12c m 50 ~60 1 5c m

( 19 95 2001 Br ew st e r,  2008)  

( 2001 b)

( L iu  e t  

a l . ,  2009) =1 5 0 10 0 7 5 /

( 20 08)

( Ya ma s h it a  e t  a l . ,  2005)

( 19 95 )  

 

 

( )   

( 1994)



 

8  

  

5

25

5

2 5

15~20 ( Br ew st e r,  2008)

15 30 2 0

12 18 2 3~30 1 6 21 ( 19 94)

( Ya ma sa k i  e t  a l . ,  2003)

Ka ga 11 ~1 2 5~ 7 mm

Pe i  C ha ng 4 . 5 mm

35 ( I nde n  

a nd  Asa h ir a ,  199 0)  

 

( )   

(

) ( ) ( )  

1 .   

H id ak a ( 20 08)

( sp ec t r u m co nver s io n f i lm)

( 4 50 - 550 n m) ( 600- 70 0nm)

UV ( 350- 45 0 nm)



 

9  

  

H a mao to ( 2008)

UV- v is ib l e  r a y t r a ns la t io n  f i lm(UV

2 0% P AR 80% 60 % )

ne w UV- cu t  f i lm( UV

10% P AR 90% ) U V- cu t  f i lm(UV 20% P AR

8 0% )  

Le v ine ( 20 05) ( co o l  

w h it e  f luo r e sce nt  la mp C WF ) ( h ig h  

p r es su r e  so d iu m la mp s HPS) 300 mo l

m- 2 s - 1

( 20 09)

C WF HPS

 

 

2 .   

40 0 700  nm

 ( P ho t o s ynt he t ic  P ho t o n F lu x,  PP F)

 ( Da i ly L ig ht  I nt eg r a l ,  

DLI )  m- 2 d - 1  ( 20 10 20 11)  



 

1 0  

  

Sa muo lie nè ( 20 09) 500  PPF

LE D( 63 8  nm)

 

Le v ine ( 20 05)  8 . 6

17 . 3 25 . 9 m- 2 d - 1 C O 2 400 1 200 4 000

mo l - 1

C O 2 1 200  mo l - 1  

CO 2

400  mo l - 1  

 

 

3 .   

8 1 6 20 7

( Ya ma sa k i  e t  a l . ,  200 0) Ya ma s ak i ( 2000)

23 1 15  W m- 2

m - 2 s - 1 ) 24 12

( RG R) 40% ( N AR) 1 08%

( lea f  i n it ia t io n r a t e ) 17% ( L AR)

32%  ( Br ew st e r ,  1990)  

     

( )   



 

11  

  

( 20 08)  

 

( )   

pH 5 . 7 7 . 4

( 199 4 2008)  

 

 

( L ee k  ye l l o w d wa rf  

v i r us , O YDV)  ( S ha l lo t  ye l lo w s t r ip e  

v i r us , SYS V) ( S ha l lo t  l a t en t  v i ru s , S LV)

OY DV

SYSV S LV

( Br ew st e r,  2008)  

A l tema ria  po r r i Pu c c in ia

Ci bo r in ia  a l l i i

Ph y t oph tho ra  pa ra s i t i ca



 

1 2  

  

( 20 08)

S t emp hy l i um bo t ry os um Wa l lr . (

1997) Clado sp or i um a l l i i - c epae

Pe ro no spo ra  de s t ruc tor U ro cy s t i s  ce pu la e  

( o r  U.  co lch ic i ) ( Br ew st e r,  

2008 20 10)  

E r win ia  ch ry san the mi

( Br ewst e r,  2008 )  

 

 

S- a lk ( e n) y l - L- c ys t e ine  s u l fo x id e s

- g lu t a myl  p ep t ide s

( A l l i ina s e ) S - a lk ( e n ) y l - L- c ys t e ine  su l fo x ide s

c ys t e ine ( ) met h io n ine

(

1993 B lo ck ,  199 2 ; 2 005 )  

( 20 08) SPME - G C/ MS ( 3

1 )

3 , 4 - ( 3 , 4 - d imet hy l  t h io p he ne )

15 . 16 % ( d ip r o p y l  

d isu l f id e ) ( me t hy l  p r o p yl d is u l f id e )

1 5 . 35% 19 . 0 5% ( d ip r o p y l  

t r i su l f id e ) 13 . 55%



 

1 3  

  

 

 

 

C

( . ,  1997 T e ys s ie r  a nd  S ie ss ,  

2000) d ia l ly l  

d isu l f id e  ( D ADS) d ip r o p yl  d isu l f ide  ( DP DS)

( La nca s t e r  a nd  Bo la nd ,  1990

T e ys s ie r  a nd  S ie s s ,  20 00) Ho r i ( 2 0 07) SPME G C- MS A .  

f i s tu los um  L . d ip r o p yl  d is u l f id e 1 - p r o pe ny l  

p r o p yl d is u l f id e d ip r o p y l t r isu l f id e D ipr o p y l  d is u l f id e

be nzo p yr e ne  ( BP)

(S r ivas t a va  e t  a l . ,  1997 S h in  e t  a l . , 20 02) 0 . 01% d ipr o p y l  

t r isu l f id e ( N eoto xop t er a  f orm osa n )

d ip r o p yl  d is u lf id e ( Ho r i,  2007) d ip r o p y l  

d isu l f id e

( Au ger  e t  a l . , 20 04)  

( )  

 

 



 

1 4  

  

( 2010)

( 2009

Des po mmie r  a nd  E l l i ng se n,  200 8)

( L ina r d ak i  a nd  Ma n io s ,  1989 2 010)

Des po mmie r ( 199 9)

20 01 (Des po mmie r  a nd  E l l ing se n ,  

2009)

( 20 01)  

( so i l le s s  cu lt u r e )

( 19 95 19 86)

( Nut r icu lt u r e ) (

1998)  

3 . 2 .  

( I keda , 19 85 ;Take mo t o , 1990 ;O lymp io s , 1999) ( ae r o po n ic  

cu lt u r e )

(

1997 C hr is t ie  a nd  N ic ho ls ,  20 04 ) 1942 C at e r

( Car t e r,  

1942 H a yde n e t  a l . ,  2004) 1973- 1974 Ca bo t  Fo unda t io n



 

1 5  

  

( Zo be l  e t  a l . , 1976) 1970 1 980

( Ha yd e n e t  a l . ,  2004)

( Pag l ia r u lo  a nd  Ha yd e n,  

2002)  

1 .

( h ig h - p r e s su r e  p u mp  a nd  sp r a y no zz le ) 2 .

( u lt r aso n ic  a t o miz er )

Pa g l ia r u lo

Ha yde n( 2002)  

1 . 2 . 3 . 4 .

5 . 6 .

7 . 8 .

 

pH ( Pag l ia r u lo  a nd  

Ha yd e n,  2002)  

 

 

( )

( Pa g l ia r u lo  a nd  Ha yde n,  20 02 200 9

2006 C hr is t ie  a nd  N ic ho ls ,  20 04 R it t e r  e t  a l . ,  2001)

42

17 . 8% 64 . 1% 23 . 7% 30 . 2%



 

1 6  

  

25% 36 . 6% 24 . 53% 43 . 40% 49

4 1 . 2

Pag l ia r u lo H a yd e n( 20 02)

7 0% 2

33%  

( 2 006 2009 R it t e r  e t  a l . ,  2001 P ag l ia r u lo  a nd  Ha yd e n ,  

2002  C hr is t ie  a nd  N ic ho ls ,  2004 )  

 

 

1 .   

( 2004 2004 )  

( 2004 )

(  L ig ht - E mit t ing  

D io de ,  LE D )

( 2005 He mming ,  2009 ;Sc hmid  

a nd  Dr ing , 1 993 ;Fo lt a  e t  a l . ,  2005)



 

1 7  

  

( Ya nag i  e t  a l . ,  

1996)  

( I nc a nd e sce nt ) ( I nca ndes ce nt  La mp)

(F luo r e sce nt ) ( T u bu la r  F luo r e sc e nt  La mp,  T FL)

( D is c har g e ) ( H ig h P r e ss u r e  S o d iu m L a mp,  HP S )

( Met a l  H a l id e  La mp,  MH L)

(  L ig ht - E mit t ing  D io de ,  LE D ) LE D

 ( 2004 Ar g us  Co nt r o l S ys t e ms  Lt d ,  

2010) C ag la ya n E r t ek in ( 2 010)

20  lm/ W 30 00  ho ur s

15 0 T FL

80  lm/ W 100 00  ho ur s

800

HPS 1 00  lm/ W 8 000  ho ur s

1 LE D

8 0  lm/ W 50 000  ho ur s

 

 

2 .   

R /FR

( 2008) R/ FR

( 199 9)

R/ FR
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3~4

R/ FR 1 . 2 ~3 . 5

R/ FR

3 . 6~4 . 4 ( 2008)

R/ B R / FR

 

 

1 .   

2 .  

 

3 .  

 

( Ar g us  Co nt r o l S ys t e ms Lt d ,  2010 ;  We ir ,  197 5)  

 

( ( g / g ) ×100 % ) LE D

(S h imiz u  e t  a l . ,  2011)

H u 200 7

 



 

1 9  

  

2 2

7 ( 2011 )

6 :00 ~8 :0 0 16 :00~ 18 :0 0

( 20 09)  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2 0  

  

  

 

( A l l ium f i s tu los um L. )

( ) (  1 .  )

15 1 000

20 10 12 2011 12  

 

 

 

(  2 )

( 180 ×  45 ×  210 ) 60

5

(  3 )

PCV

 



 

2 1  

  

( 11 0V 12 ×12 )

5

(  4  5 )  

C a mp be l l  Sc ie nt i f ic ,  I nc

mea sur e me nt  & co nt r o l C R10 00  da t a lo gger

25

pr int  po r t -o ut pu t (  6 )

C a mp be l l  Sc ie nt i f ic ,  I nc  

 

 

(  7  8 ) ( 48 4 1

26 43 . 5 36 23 )

20 4 1

1

P C V

34 24 16 . 5 31 . 5 2 1 . 5 16

2 2 3

2

20 mm 1 . 7M Hz D C24- 2 8V 5 00- 60 0 mA

DC 



 

2 2  

  

12V 4 4 2 . 8

 

(

3 )  

 

 

( µ mo l m- 2 s - 1 )

( µ mo l m- 2 s - 1 )  

 9 YI H DE R

B L- 71 0D

( 1 2

3) (  9 . )

1 , 000 ml ( ) ( 1 `

2 ` 3 `) (  9 . )

o t to  sa - 8000

3 ( 1 " 3 "

4") ( 2 ")  

2 "

1" 3"



 

2 3  

  

3

2 1 , 0 00 ml

L ut r o n GCH - 2 018 C O 2  Me t e r

LI - 100 0  Da t a lo g g er  

( L i - Co r,  I nc . )

 

1 , 500 ±43p p m 3, 00 0± 71ppm 10

0 2 4 6 8 10 12 1

 

 

 

T 5 T o p @  l ig ht  T 5  P la nt  r ed  

aquar iu m la mp,  24 W/7 500 K Mar ine  b lu e  aqu ar iu m la mp,  

24 W/2 5000 K S u n w hit e  aqu ar iu m la mp,  24 W/75 00 K)

LI - 100 0  Da t a lo g g er

(  5 )  

 

 



 

2 4  

  

 

 

(  10 )

 

 

( ) +  (

)  

 

JPE G

A. B. C.

DPI (

/ ) (  11 )  

 

 

1 .  so l id - p ha se  mic r o e xt r ac t io n,  SP ME

 

    

S UP E L CO T M /PD MS 

s t a b le F le x T M SPME Hew le t t  Packar d  5 890  

( g as c hr o mat o gr aph,  G C) D B- 5MS 

(

99 . 999 ) 0 . 81 8  mL/ min

2 50 MS 280  



 

2 5  

  

40 2 8 120 5

10 220 5

Wi le y275 NI ST 05 Nat io n  I ns t it u t e  o f S t a nd ar ds  

a nd  T ec hno lo g y  

 

2 .   

n- he xa ne ca ne 99 . 1

S ig ma- A ldr ic h ,  I nc . n- t r idec a ne  ( 99 . 5 ) C he m Ser v ic e , 21  

I nc .  

 

3 .   

head s pac e  so l id - p has e  

mic r o e xt r ac t io n ,  HS - SP ME S PME  

 

 

I .  10 c m 1. 5 c m

0. 5c m 20 20  mL

T e f lo n

 

I I .  Dr y ba t h I nc u ba t o r ,  V io le t  B io Sc ie nc es ,  

I nc . SP ME  

75  7   
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I I I .  SPME G C- MS 30  

SP ME G C- MS 1 0  

 

 

4 .  SPME  

55 65 75

SPME 3 5 7 ( )

 

SPME 3 5 7 1 0c m 1. 5 c m

0. 5c m 20

20  mL

T e f lo n 5 5 65 7 5

SPME

SP ME GC- MS 

 

 

 

C he mSt a t io n  ( G170 1 D A,  Ver s io n D .  00 . 00 . 38 ,  

Ag i le nt  T ec hno lo g ie s ) W i le y2 75  

NI ST 05  ( Na t io n I ns t it u t e  o f  S t a nd ar d s  a nd  T ec hno lo g y )  

Ar ea  o f T ar g e t  

Co mpo u nd ,  A T C ( Ar e a  o f I nt e r na l  S t a nd ar d ,  



 

2 7  

  

A I S ) T ar g e t  Co mpo und  Ar e a  I nd e x,  AI

( 2008)  

T ar ge t  Co mpo u nd  Ar e a  I nde x ( A I ) =
) (A Standard Internal ofArea 
) (A CompoundTarget  ofArea 

IS

TC  

A I  

AT C  

A I S  
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 1 .   
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 27 .  SPME 3 5 7 A I

A I  AT C

AI S

 

F ig .  27 .  T he  inde x o f A I  o f ea c h co ns t i t uent s  o f SPME  a bso r bed 3 ,  5  

a nd  7  minu t e s  in  t hr e e  t e mp er a t u r e  r eg ime s  

2,4-
dimethyl-
thiophene 

Dipropyl 
disulfide  

1,2-
Dithiolane  

5-Methyl-
3H-1,2-

dithiole-3-
thione 

3,3-
Dimethyl-
piperidine 

Dipropyl 
trisulfide 

3,5-Diethyl-
1,2,4-

trithiolane 

4-methyl-
2(3H)-

thiazolone 

55  0.000  2.727  44.864  2.383  10.642  0.000  0.000  0.000  

65  0.000  2.002  52.622  3.444  13.152  0.000  0.000  0.000  

75  0.000  1.125  34.311  2.873  9.864  0.000  0.000  0.000  

0.000  
10.000  
20.000  
30.000  
40.000  
50.000  
60.000  

A
I

 

2,4-
dimethyl-
thiophene 

Dipropyl 
disulfide  

1,2-
Dithiolane  

5-Methyl-
3H-1,2-

dithiole-3-
thione 

3,3-
Dimethyl-
piperidine 

Dipropyl 
trisulfide 

3,5-Diethyl-
1,2,4-

trithiolane 

4-methyl-
2(3H)-

thiazolone 

55  0.000  10.707  42.684  2.753  5.910  7.396  0.000  0.000  

65  0.000  18.979  50.012  2.677  6.004  8.593  0.000  1.041  

75  0.000  7.465  42.468  1.239  5.854  6.887  4.115  3.219  

0.000  
10.000  
20.000  
30.000  
40.000  
50.000  
60.000  

A
I

 

2,4-
dimethyl-
thiophene 

Dipropyl 
disulfide  

1,2-
Dithiolane  

5-Methyl-
3H-1,2-

dithiole-3-
thione 

3,3-
Dimethyl-
piperidine 

Dipropyl 
trisulfide 

3,5-Diethyl-
1,2,4-

trithiolane 

4-methyl-
2(3H)-

thiazolone 

55  1.509  8.578  48.034  3.445  10.513  4.421  0.000  1.177  

65  2.208  5.463  41.695  3.694  6.094  3.925  1.529  4.004  

75  2.887  8.578  46.813  1.459  6.279  9.372  7.299  11.796  

0.000  
10.000  
20.000  
30.000  
40.000  
50.000  
60.000  

A
I
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 28 .  19

A I  

F ig .  28 .  A I  va lu e  o f 19  vo la t i le  co mpo ne nt s  o f g r ee n o n io n var ie t y

B la ck  Le a f gr ee n- le a f  u nder  t hr e e  l i g ht  qu a l it ie s  t r ea t me nt s  
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 29 .  

28 A I ( 9 )  

F ig .  29 .  A I  va lu e  o f 28  vo la t i le  co mpo ne nt s  o f g r ee n o n io n var ie t y

B la ck  Le a f r o o t  und er  t hr ee  l i g ht  q ua l it ie s  t r ea t me nt s  a nd  

su n- l ig ht  cu lt u r e ( no t  inc lude  No .  9 )  
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 30 .  

 

F ig .  30 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  b lu e  l ig ht  t r ea t me nt  
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 31 .  

 

F ig .  31 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  r ed  l ig ht  t r ea t me nt  
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 32 .  

 

F ig .  32 .  D i f fe r e nce  o f vo la t i le  co mpo ne nt s  o f g r ee n o n io n va r ie t y

B la ck  Le a f g r ee n- le a f  a nd  r o o t  und er  w h it e  l ig ht  t r ea t me nt  
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( P 0 . 05)  

 

 33 .   

F ig .  33 .  D i f fe r e nce  o f  a ve r a ge  co nt ent  o f vo la t i le  co mpo ne nt s  o f 

g r ee n o n io n var ie t y B la ck  L ea f g r e e n- le a f a nd  r o o t  
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 1 . LE D ( )  

Tab le  1 .  T he  l ig ht  int e ns it y( lu x  a nd  m- 2 s - 1 )  o f d i f fe r e nt  

nu mber  o f L ig ht - E mit t ing  D io de  la mp s   

 

Nu mber  o f la mp  Lu x  m - 2 s - 1  

1  3019 76  46 . 16 ± 0 . 9  

2  6848 5 9  104 . 70 ±1 . 1  

3  9838 9 8  150 . 42 0.7  

4  14580 117  222 . 92 0.6  

5  19320 148  295 . 40 0.4  

6  23300 176  356 . 2 5 0.4  

7  25460 120  389 . 28 0.5  

8  28460 192  435 . 15 0.3  

9  32900 175  503 . 04 0.4  

10  35850 206  548 . 14 0.3  

11  40100 183  613 . 1 2 0.4  

12  46500 228  710 . 98 0.3  
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 2 .  

 

Tab le  2 .  T he  e ig ht  vo la t i le  co mpo ne nt s ,  r e spe c t ive ly  u nd er  t he  be s t  

co nd it io ns  fo r  t he  d i f fe r e nt  hea t ing  ad so r p t io n t ime s  a nd  he a t ing  

t e mper a t u r e s  

 

2,4-Dimethyl-thiophene

3min 5min 7min avg.

- - - - 1.509 -

- - - - 2.208 -

- - - - 2.887 -

avg.

Dipropyl disulfide

3min 5min 7min avg.

2.727 B 10.707 A 8.578 AB 7.337 ns

2.002 B 18.979 A 5.463 AB 8.815 ns

1.125 B 7.465 A 8.578 AB 5.722 ns

avg. 1.951 B 12.383 A 7.540 AB LSD=6.77

1,2-Dithiolane 

3min 5min 7min avg.

44.864 ns 42.684 ns 48.034 ns 45.194 ns

52.622 ns 50.012 ns 41.695 ns 48.110 ns

34.311 ns 42.468 ns 46.813 ns 41.197 ns

avg. 43.932 ns 45.055 ns 45.514 ns LSD=9.0832

5-Methyl-3H-1,2-dithiole-3-thione

3min 5min 7min avg.

2.383 Bb 2.753 Bb 3.445 Ab 2.860 b

3.444 Ba 2.677 Ba 3.694 Aa 3.272 a

- - - - - - - -

avg. 2.913 B 2.715 B 3.569 A LSD=0.4049

3,3-Dimethyl-piperidine

3min 5min 7min avg.

10.642 A 5.910 B 10.513 B 9.022 ns

13.152 A 8.004 B 6.094 B 9.083 ns

9.864 A 5.854 B 6.279 B 7.332 ns

avg. 11.219 A 6.589 B 7.629 B LSD=1.9076
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Dipropyl trisulfide

3min 5min 7min

- - 7.396 ns 4.421 ns 5.908 ns

- - 8.593 ns 3.925 ns 6.259 ns

- - 6.887 ns 9.372 ns 8.130 ns

avg. 7.625 ns 5.906 ns LSD=1.8823

3,5-Diethyl-1,2,4-trithiolane

3min 5min 7min avg.

- - - - - - - -

- - 0.862 Bb 1.529 Ab 1.196 b

- - 4.115 Ba 7.299 Aa 5.707 a

avg. - - 2.488 B 4.414 A LSD=0.2923

4-Methyl-2(3H)-thiazolone

3min 5min 7min avg.

- - 1.177 Bc 1.177 Ac 1.177 c

- - 2.083 Bb 4.004 Ab 3.043 b

- - 6.438 Ba 11.796 Aa 9.117 a

avg. - - 3.233 B 5.659 A LSD=0.1942
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 3 .   

Tab le  3 .  Aver ag e  r e t e nt io n t ime ( A. R. T. )  o f a l l  vo la t i le  co mpo ne nt s  

o f g r e e n- le a f  a nd  r o o t  

 

Peak no. Composition Green leaf of A.R.T. Root of A.R.T.
1 2,4-Dimethylthiophene 7.90 7.98
2 Methyl propyl disulfide 8.36 8.35
3 Methyl 2-propenyl disulfide 8.54 8.54
4 Dimethyl trisulfide 9.30 9.33
5 Dipropyl disulfide 12.61 12.58
6 1,2-Dithiolane 12.75 12.76
7  5-Methyl-3H-1,2-dithiole-3-thione 12.84 12.87
8 2-Vinyl-1,3-dithiane 13.00 13.00
9 3-(Methylthio)propanoic acid ethyl ester 13.06 -
10 3,3-Dimethyl-piperidine 13.24 13.24
11 2-[(methylthio)ethynyl]-thiophene 13.71 13.72
12 (Z)-1-(methylthio)-1-propene 14.01 13.99
13 (E)-1-(methylthio)-1-propene 14.12 14.12
14 Dimethyl ester 2-propenyl-propanedioic acid 14.56 14.57
15 Dimethyl tetrasulfide - 15.81
16 Acetate 3,7-dimethyl-2,6-Octadien-1-ol - 17.80
17 Dipropyl trisulfide 19.55 19.56
18 3,5-Diethyl-1,2,4-trithiolane 19.90 19.92
19 2-Amino-5-methyl-thiazole - 20.16
20 Ethanethioamide - 21.70
21 Tetrahydro-thiazole - 22.08
22 Dodecamethyl-Pentasiloxane - 22.63
23 m-Aminophenylacetylene - 24.66
24 Ethenyldimethoxymethyl-silane 24.77 24.78
25 4-Methyl-2(3H)-thiazolone 24.89 24.90
26 3,5-Dinitro-benzoic acid 25.23 25.24
27 3-Isopropyl-4-methyl-dec-1-en-4-ol - 25.37
28 5-Ethyl-2,2-dimethyl-1,3-dioxane - 27.74
29 N-Methoxy-N-methylamonodifluorophosphine - 28.05
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 4 .  T 5  

Blue light Red light
cm lux 2  s coefficient lux 2  s coefficient
20 1294.3 27.04 0.0208916 1704 28.48 0.0167136
40 971.1 19.664 0.0202492 1147.2 16.808 0.0146513
60 626.3 16 0.0255469 806.7 14.064 0.017434
80 462 11.44 0.0247619 603 10.504 0.0174196

100 441 10.8 0.0244898 477.5 8.104 0.0169717
average of co. 0.0231879 average of co. 0.016638

white light
cm lux 2  s coefficient
20 1737 29.58 0.0170294
40 1353.2 22.73 0.0167972
60 1068.7 19.41 0.0181623
80 779 13.76 0.0176637

100 623.4 11.53 0.0184953
average of co. 0.0176296  


