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Morphological  and Biochemical  Effects of Ethylene on Tulips 
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Summary. Tulip bulbs  t r ea t ed  w i t h  e thy lene  at  var ious concent ra t ions ,  a t  d i f ferent  s tages of deve lopmen t  and dur ing  
various lengths  of t ime,  exh ib i t ed  various morphological  abnormal i t ies  : open bud,  s t amen  blast ing,  abnorma l  n u m b e r  of 
floral par ts ,  increased n u m b e r  of second-year  bulbs.  These morphologica l  changes  were paral leled by  rap id  var ia t ions  
in the  con ten t s  of p ro te ins  and  RNAs,  and  a slow, ye t  not iceable ,  increase of t he  D N A  c o n t e n t  of f lower buds.  

Subsequen t  to the  basic work  on flower fo rmat ion  in 
tul ips (Tulipa gesneriana, L.) by  DIJK 2 ill 1951 mos t  
research have  cen te red  a round  the  influence of t e m p e r a t u r e  
on th is  process.  However ,  recen t  invest igat ions~,4 have  
indica ted  t h a t  e thy lene  m a y  be involved in these  dis- 
tu rbances .  In  th is  s tudy,  the  effect  of e thy lene  on the  
morpho logy  of tul ips  dur ing  the  d i f ferent  s tages of 
deve lopmen t  was examined .  In  con junc t ion  wi th  th is  the  
levels of nucleic acids and pro te ins  in the  f lower-buds  
were de te rmined .  

Materials and methods. E t h y l e n e  was genera ted  by  the  
act ion of sodium hydrox ide  on E th re l  (2-chloroethyl-  
phosphon ic  acid, A m c h e m  Produc ts ,  Inc.). The e thy lene  
concen t ra t ion  was conf i rmed b y  gas c h r o m a t o g r a p h y K  

Bulbs  used in th is  s t u d y  were cv. Darwin  33 and Paul  
Richter ,  pu rchased  commercia l ly ,  for p re l iminary  experi-  
ments ,  and  subsequen t ly  grown in a cold Dome and select- 
ed on our  labora tory .  Bulbs  a t  the  d i f ferent  s tages of 
g rowth  were t rea ted ,  in sealed containers ,  wi th  e thy lene  
concen t ra t ions  ranging  f rom 0 to 10 p p m  for d i f ferent  peri-  
ods. The morphologica l  changes  were noted ,  t h e n  the  
f lower-buds  were dissected out  and analyzed for DNA, 
R N A  and protein .  The ex t rac t ion  procedure  was essen- 
t ial ly t h a t  of PILOT and BRAUNS. DNA was de te rmined  

by  the  d ipheny lamine  m e t h o d  of BURTON 7, R N A  by  the  
orcinol m e t h o d  s and  pro te in  by  the  use of the  phenol  
r eagen t  9. 

Results. E//ect o~ ethylene during the postharvest matura- 
tion period, a) Before G-stage. Gummosis  occurred wi th  
Darwin  33 bu t  no t  w i th  Pau l  Rich te r  even  a t  e thy lene  
concen t ra t ions  up to  100 ppm.  The gum blis ters  were 
localized on the  ex te rna l  surface of the  ou t e rmos t  scale, 
and did no t  pene t r a t e  to the  subsequen t  scales. Morpholo-  
gically, the re  was a r a n d o m  a l te ra t ion  in t he  n u m b e r  of 
tepals  and s tamens .  
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Fig. 1. DNA, RNA and protein levels (mg/g Fresh xATt.) at 0, 1 and 
2 weeks after the removal of the 4-day ethylene atmosphere of 0, 1, 
2, 3, 4 and 5 ppm. 
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lqg. 2. RNA, protein and protein: RNA ratio (% of control) of buds 
at 0, 1, 2 and 3 weeks after the removal of the 4-week ethylene at- 
mosphere of 5 and 10 ppm. 
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Table I. Effect of ethylene during the forcing period (day temp. 18~ night temp. 16~ 

1005 

Ethylene concentration (ppm) DNA RNA Protein 

mg/g F. Wt. Control ~ (%) mg/g F. Wt. Control s (%) mg/g F. Wt. Control s (%) 

Day-2 
0.0 1.40 
0.1 1.82 130.00 
0.3 2.03 145.00 
0.5 2.34 167.14 

Day-7 
0.O 4.47 
0.1 6.36 142.28 
0.3 7.99 178.74 
0.5 7.67 171.59 

Day-10 
0.0 4.09 
0.1 6.88 168.22 
0.3 7.28 177.51 
0.5 5.98 146.21 

8118 13.32 
15.18 185.57 14.41 108.18 
15.67 191.56 16.89 126.80 
16.13 197.19 17.78 133.48 

12.11 12.89 
14.24 117.59 13.42 104.11 
15.50 127.99 15.59 120.95 
14.77 121.97 15.73 122.03 

11.48 12.71 
13.1.7 114.72 13.19 103.78 
14.67 127.79 14.97 117.78 
11.89 103.57 14.60 114.87 

Tulip plants (cv. Paul Richter) after the cooling period (12 weeks at 10 ~ were treated, in sealed plastic cabinets, during the forcing period 
with 0, 0.1, 0.3 and 0.5 ppln ethylene for 2, 7 and 10 days. The floral buds were analyzed immediately after the ethylene exposure for DNA, 
RNA and protein. The TCA-acetone method of extraction s was employed. 
�9 Treated/eontrol • 100. 

b) Af ter  G-stage. 50 bulbs  (cv. Paul  Richter)  were 
t r ea ted ,  in sealed jars  w i th  e thy lene  concen t ra t ions  rang-  
ing f rom 0 to  5 p p m  a t  20~ for 4 days.  Half  of these  bu lbs  
were then  p l an t ed  'normal ly '  to observe the  morpholog-  
ical changes  a t  blossom. F r o m  the  o ther  bulbs  the  flower 
buds  were dissected out  and ana lyzed  for DNA, R N A  and  
prote in .  The analyses  were done immedia te ly ,  t h e n  1 and 
2 weeks af ter  the  t r e a t m e n t  (Figure 1). 
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Fig. 3. DNA, RNA and protein levels (% of control) of buds at 0 and 
1 week after the removM of the ethylene treatment (0.5 ppm for 
periods ranging from 1 to 5 weeks). 

The main  morphologica l  change  was the  format ion  of 
'open buds '  ( s tamens  longer t h a n  tepals  and /o r  foliage 
leaves) was no ted  when  the  flowers blossomed.  

2. Effect o/ ethylene during the cooling period, a) The 
effect  of e thy lene  following f ixed- length  exposures.  Bulbs  
(cv. Paul  Richter ,  G-stage) were placed in cold s torage  
(10~ and  t rea ted ,  in sealed jars,  w i th  5 and  10 pprn  
e thylene  for 4 weeks. In  each sampl ing  0, 1, 2 and 3 
weeks af ter  the  exposure  period,  the  buds  were dissected 
out  and analyzed (Figure 2). The immedia te  effect  was a 
lowering of the  R N A  level. Consequent ly  the  p ro te in  : R N A  
rat io showed a sharp  increase.  W i t h  t ime,  the  rat io of the  
t r ea t ed  samples  decreased and came closer to, bu t  never-  
theless h igher  than ,  t h a t  of the  control .  No floral ab- 
normal i t ies  were observed  in these  t r ea tmen t s .  

b) The effect  of va ry ing  the  leng th  of e thy lene  expo-  
sures. Bulbs  (cv. Paul  Richter ,  G-stage) were placed in 
cold s torage (10~ and t rea ted ,  in sealed jars, w i th  0.5 
p p m  e thy lene  for per iods  ranging  f rom 1 to 5 weeks. In  
each ins tance,  the  buds  were analyzed immed ia t e ly  and  
1 week af ter  the  e thy lene  t r e a t m e n t  (Figure 3). The m o s t  
remarkable  effects t h a t  the  longer t r e a t m e n t s  gave 
higher  increases in D N A  concent ra t ions .  As in t he  pre-  
vious e x p e r i m e n t  no floral abnormal i t ies  were observed.  

3. EMect o/ethylene during the/orc$ng period. E t h y l e n e  
concen t ra t ions  used in th is  s t u d y  were lower t h a n  1 p p m  
because p re l imina ry  s t u d y  showed t h a t  the  p lan t s  were 
very  sensi t ive to the  gas dur ing  this  period.  P lants ,  in 
sealed cabinets ,  were exposed  to 0.l ,  0.3 and  0.5 p p m  
e thylene  for 2, 7 and 10 days.  Morphological  changes  in the  
flowers dur ing  the  t r e a t m e n t  included severe b las t ing  of 
the  flowers a t  t he  0.3 and  0.5 p p m  ethylene  level in the  
7- and 10-day t r e a t m e n t s .  However ,  once the  flowers had  
blossomed,  t h e y  were less suscept ible  to e thylene.  P l an t s  
t r ea t ed  wi th  e thy lene  dur ing  this  per iod gave an increased 
n u m b e r  of d au g h t e r  bulbs  (Table II). 

Discussion. Cont ra ry  to the  prevai l ing opinion in 
exis t ing l i t e ra ture  1~ t h a t  the  monoco ty ledonous  p l an t s  
are r a the r  insensi t ive  to e thylene,  our resul ts  showed t h a t  

10 S. P. BI~RO and F 2. A. BURG, in Biochemistry and Physiology O/ 
Plant Growth Substances (The Runge Press Ltd., Ottawa, Canada 
1967). 
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Table II. Effect of ethylene during the forcing period (day temp. 
18~ night temp. 16~ 

Ethylene concentration (ppm) No. of bulbs formed �9 

0 3 
1 3 
2 5 
5 7 

10 7 

Tulip (ev. Paul Richter) plants treated during forcing after the flowers 
bloomed gave different number of daughter bulbs depending on the 
ethylene concentration. The plants were exposed to ethylene concen- 
trations of 0, 1, 2, 5 and 10 ppm for a period of 1 week. The ethylene 
was then removed and the plants allowed to mature. After the 
foliage leaves had died down, the bulbs were lifted and the number 
of bulbs formed noted. 
~Counting was done on a population of 5 bulbs for each concentra- 
tion. 

11 S. P. BURG and E. A. BURG, Science 152, 1269 (1966). 
12 N. RETIG and J. RUDICIt, Physiologia plant. 27, 156 (1967). 

tu l ips  are v e r y  sens i t ive  to t he  gas.  T h e  va r i e ty ,  g r o w t h  
p h a s e  a n d  e n v i r o n m e n t a l  cond i t ions  u n d e r  w h i c h  t he  
bu lbs  are  t r ea t ed ,  however ,  d e t e r m i n e  to a large e x t e n t  
t he  c o n c e n t r a t i o n  t h r e s h o l d  for e t hy l e ne  ef fec t iveness .  
The  bu lb s  a ppe a r  to  be m o s t  sens i t ive  to t he  gas  d u r i n g  
per iods  of ac t ive  m o r p h o g e n e s i s  - f lower in i t i a t ion  a n d  
fo rma t ion ,  a n d  ini t ia l  pha se  of the  forc ing period.  In  t h i s  
s t udy ,  we found  m o s t  of t he  d i s t u r b a n c e s  descr ibed  b y  
o the r  a u t h o r s  3,4. E t h y l e n e  did no t  increase  t he  ' f emale -  
ness '  in t u l ip s  as i t  did in p ineapp le s  n a nd  c u c u m b e r  12, 
i n s t e a d  i t  i nduced  a n  a b n o r m a l  e longa t ion  of the  s t a m e n s  
r e su l t i ng  in t he  f o r m a t i o n  of 'open '  buds .  

The  d a t a  o b t a i n e d  in the  s tud ie s  on t he  nucleic  ac ids  
a nd  p ro t e in  are too s ca t t e r ed  to lead to def in i te  conclu-  
sions.  However ,  t h ree  po in t s  m a y  be s t ressed .  F i r s t ly ,  
e t h y l e n e  a ppe a r s  to  ac t  f i rs t  on t he  s o m a t i c  a nd  p h e n o -  
t yp ica l  a p p a r a t u s  of t he  cell, a n d  on ly  s u b s e q u e n t l y  on 
t he  D N A .  Secondly,  e t hy l e ne  p rove d  to be able to a l te r  
t he  nuc lea r  genet ic  i n fo rma t ion .  Th i rd ly ,  the  a l t e red  
genet ic  i n f o r m a t i o n  a ppe a r s  to be i rreversible.  A s t u d y  on 
t he  species  of D N A  a nd  R N A  of the  t r e a t e d  p l a n t s  would  
give a more  def in i te  a n sw e r  to the  q u e s t i o n  of t he  effect  
of e t h y l e n e  on morphoge ne s i s .  

G r o w t h  and D e v e l o p m e n t  of the  A m e r i c a n  B o l l w o r m  Heliothis arrnigera Hubn.  u n d e r  L a b o r a t o r y  
M a s s  R e a r i n ~  C o n d i t i o n s  

~TADIA" Z. DIMETRY 

Laboratory o/ Planl JProtection, National Research Centre, Dokki, Cairo (Egypt), 73 February 7976. 

Summary. A k i d n e y  bean  mea l  diet  was  the  m o s t  s a t i s f a c to ry  l a b o r a t o r y  diet  for t he  la rvae  of the  A m e r i c a n  bo l lworm 
Heliolhis armigera H u b n .  O p t i m u m  ra tes  of su rv iva l  (63.5%) occurred  a nd  the  la rva l  g r o w t h  was  be t t e r  t h a n  t h a t  of 
l a rvae  reared  on cas to r  oil p l a n t  leaves.  The  p u p a l  we igh t  and  t he  f e c u n d i t y  of t he  r e su l t ing  a du l t s  were also m u c h  
be t t e r  t h a n  those  on t he  cont ro l  h o s t  p lan t .  

Art if icial  d ie ts  h a v e  been  devised  for r ea r ing  a v a r i e t y  
of insec t  species in the  l a b o r a t o r y  b u t  m a n y  of t hese  die ts  
were deve loped  w i th  an  eye to n u t r i t i o n a l  a d e q u e n c y  
a n d  l i t t le cons ide ra t i on  to cost.  However ,  t h e  p r e s e n t  
e m p h a s i s  on m e t h o d s  of insec t  con t ro l  wh ich  can  supple -  
mer i t  or replace con t ro l  w i t h  insect ic ides  h a s  c rea ted  a 
d e m a n d  for large q u a n t i t i e s  of l a b o r a t o r y  reared  insects .  
T h e  success  of m e t h o d s  of con t ro l  ba sed  on p l a n t  resis-  
t ance  p h e r o m o n e s  and  insec t  p a t h o g e n s ,  and  t he  e v e n t u a l  
success  of cont ro l  b y  release of pa ra s i t e s  or steri le  ma le  
insects ,  d e p e n d s  on economica l  p r o d u c t i o n  of g rea t  
n u m b e r s  of t h e  pes t  species. D e v e l o p m e n t  of r ea r ing  
t e c h n i q u e  h a s  been  repor t ed  b y  a u t h o r s  x-a t h a t  would  
reduce  t h e  cos t  of r ea r ing  l a rvae  of t he  tobacco  b u d w o r m  
Heliothis virescens (F.) and  t he  bo l lworm H. zea Boddie .  
Since t h e se  species c o n s u m e  large q u a n t i t i e s  of t he  diet ,  

Table I. Constitution of an artificial diet for the Anlerican bollworm 
Heliothis armigera Hubn. 

Ingredient Quantities (g) Total weight (%) 

Dried kidney beans 236 26.4 
Dried brewers yeast 37 4.1 
Aseorbic acid 3 0.33 
Methyl p-hydroxybenzoate 2 0.22 
Agar 14 1.5 
Water 600 ml 67.2 

t he  cos t  of t he  m e d i u m  is an  i m p o r t a n t  fac tor  in pro-  
duc t ion .  Therefore  m a n i p u l a t i o n  of t he  ing red ien t s  in t he  
d ie t  was  an  obv ious  m e t h o d  of f u r t h e r  r educ ing  costs .  

The  pu rpose  of th i s  r esea rch  was  to  p roduce  a s imple ,  
h igh ly  reproduc ib le  art if icial  rea r ing  m e d i u m  for t he  
A m e r i c a n  bol lworm.  

Material and methods. The  soy be a n  p ro te in  d ie t  de- 
ve loped  b y  ~ a nd  5 as modi f ied  by  t he  p r e se n t  a u t h o r  was  
selected for th i s  s t u d y  (Table I). The  A m e r i c a n  bo l lworm 
la rvae  rea red  on th i s  diet  were c o m p a r e d  w i th  those  
reared  on cas to r  oil p l a n t  leaves.  A d u l t s  were conf ined  in 
one gal lon w i d e - m o u t h e d  glass  ja rs  in t he  rat io  of 3 ma l e s  
to 2 females .  T h e  m o t h s  were p rov ided  w i th  10% h o n e y  
solut ion.  J a r s  were covered  w i th  a b lack  c loth  on which  
the  m o t h s  depos i ted  the i r  eggs. Th i s  m e t h o d  m a d e  egg 
collect ion e a sy  as t h e  c lo th  could  be r e m o v e d  dai ly.  
U p o n  h a t c h i n g  of t he  eggs, t he  la rvae  were t r ans fe r r ed  to  
glass  v ia ls  (7.5 x 10 cm) pa r t i a l l y  filled w i th  t he  media ,  
a n d  were k e p t  a t  27 • 1~ 1000 l a rvae  were fed on a n  
art i f icial  die t  a nd  t he  s a m e  n u m b e r  were reared  on cas to r  
oil p l a n t  leaves.  10 l a rvae  were p u t  in each  glass  v ia l  f r o m  
1st to 3rd i n s t a r  followed b y  a single l a rva  per  vial  till  
p u p a t i o n .  
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