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Abstract. Adventitious root formation in excised 
cucumber (Cucumis sativus L.) cotyledons was sig- 
nificantly promoted by (+_)-eis-chrysanthemic acid 
at 0 .006-1 .8  raM. The e f f ec t  of  (+-)-cis- 
chrysanthemic acid on indole-3-acetic acid (IAA)- 
induced rooting was additive. Rooting in excised 
cucumber cotyledons was significantly promoted 
by several isomers of chrysanthemic acid and so- 
dium (+)-cis-chrysanthemate at 0.18 raM. Rooting 
in mung bean (Phaseolus radiatus L.) hypocotyls 
was also stimulated by the sodium salt at 0.06-0.6 
mM. Rooting of kidney bean (Phaseolus vulgaris 
L.) hypocotyls was also clearly enhanced by so- 
dium (+-)-cis-chrysanthemate at 0.18-6 mM. 

Recently, some papers have reported the plant 
growth regulatory activities of certain insecticidally 
active chrysanthemic acids and their esters (Cram- 
mer et al. 1985, Herve and Motillon 1981). Certain 
chrysanthemic acids and their derivatives were re- 
ported to inhibit lettuce radicle growth and seed 
germination (Crammer et al. 1985). Decamethrin in- 
hibited the gibbereUin-stimulated growth of rice 
(Herve and Motillon 1981). We report the promo- 
tive effects of certain chrysanthemic acids and so- 
dium chrysanthemate on adventitious root forma- 
tion in excised cucumber (Cucumis sativus L.) cot- 
yledons, and mung bean (Phaseolus radiatus L.) 
and kidney bean (Phaseolus vulgaris L.) hypocot- 
yls. 

Materials and Methods 

Chemicals 

The following chemicals were all synthesized at our institute: 
(+-)-cis-chrysanthemic acid (melting point l l l - l l 2 ~  purity 

99%); (+)-cis-chrysanthemic acid (melting point 45--47~ purity 
98%); (-)-cis-chrysantbemic acid (melting point 43-46~ purity 
98%); (m)-trans-chrysanthemic acid (melting point 53-54~ pu- 
rity 99%); and sodium (+-)-cis-chrysanthemate (purity 97%). 
Other reagents used were of analytical grade and obtained from 
commercial suppliers. 

Excised Cucumber Cotyledon Root 
Formation Test 

Cucumber seedlings were cultured as previously described 
(Zhao et al. 1988a,b). Cucumber (Cucumis sativus L. cv. Jinyan 
No. 4) seeds were sown on 0.7% agar and grown in the dark at 
26~ Cotyledons were excised from 3-day-old seedlings and cot- 
yledon root formation tests were carried out as previously de- 
scribed (Zhao and Huang 1990, Zhao et al. 1988a). Test samples 
were dissolved in 95% ethanol to give the following concentra- 
tions: 0.06, 0.6, 1.8, 6, 18, and 60 mM. The above solutions (0.3 
ml) were evenly dropped onto individual 6-cm filter paper disks 
and the solvent evaporated. To each treated disk, 3 ml of distilled 
water were added in the bottom of a 6-cm petri dish; each disk 
contained 0.006, 0.06, 0.18, 0.6, 1.8, and 6 mM of each sample, 
respectively. Disks treated with 95% ethanol (which was evap- 
orated) were used as controls. Ten cotyledons were placed on 
each disk. The excised cucumber cotyledons were then incu- 
bated in the dark (26~ Five days later, the number of roots 
formed at the bases of 10 cotyledons was counted. Each treat- 
ment was replicated four times. 

Mung Bean Root Formation Test 

The mung bean root formation test was performed as described 
by Hess (Weaver 1972) with the following modifications: (1) 
mung bean seeds (Phaseolus radiatus L. cv. Maolu) were used; 
(2) the vermiculite was replaced by sand; (3) six mung bean 
cuttings were placed in each 50-ml Erlenmeyer flask containing 
35 ml test solution; (4) sodium (+-)-cis-chrysanthemate was dis- 
solved in distilled water; (5) indole-3-butyric acid (IBA) was 
made by dissolving 3 mg IBA in 0.6 ml of 0.1 N NaOH, a n d  

making a dilution series; and (6) distilled water was used as con- 
trol. Each treatment was replicated four times. 
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Table 1. Effect of (+-)-cis-chrysanthemic acid and IAA on the 
rooting of excised cucumber cotyledons (26~ dark). 

No. of 
Treatment roots on 10 Promotion 
(mM) cotyledons (%) 

Control 
( ~ )-cis- 

Chrysanthemic acid 

IAA 

14.0 +- 2.4 

0.006 19.2 --- 0.9 37.1 
0.06 29.7 -- 2.0 112.1 
0.18 37.7 ~ 6.8 169.2 
0.6 42.2 --- 3.7 201.4 
1.8 17.0 - 4.3 21.4 
0.17 44.7 -+ 2.6 219.2 

Values are mean --- SD. 

Kidney Bean Root  Formation Test 

The kidney bean root formation test was done as described by 
Shibaoka et al. (1967) with the following modifications: (1) kid- 
ney bean seeds (Phaseolus vulgaris L. cv. Qiukang No. 19) were 
used; (2) sawdust was replaced by sand; (3) the hypocotyl length 
was 5 cm; (4) the basal portions of seven cuttings were dipped 
into each 100-ml beaker containing 50 ml test solution for 20 h; 
(5) after washing the basal parts with distilled water, the cuttings 
were transferred to distilled water and kept under 190 i~Em -z 
s-~ at 24 - I~ throughout the experiment; (6) sodium (+-)-cis- 
chrysanthemate was dissolved in distilled water; (7) IAA solu- 
tion was made by dissolving 3 mg IAA in 0.4 ml 95% ethanol, 
then diluting with distilled water as required; and (8) distilled 
water was used as the control. Each treatment was replicated 
four times. 

Results  and Discuss ion 

Effects o f  Chrysanthemic Acids on Rooting in 
Excised Cucumber Cotyledons 

(+-)-cis-Chrysanthemic acid at 0 .006-1.8 mM signif- 
icant ly  p r o m o t e d  adven t i t i ous  roo t  fo rma t ion  in ex- 
c i sed  c u c u m b e r  c o t y l e d o n s .  T h e  opt imal  concen t r a -  
t ion was  0.6 m M .  Roo t ing  in exc i s ed  c u c u m b e r  cot-  
y ledons  was  a lso  s ignif icant ly  p r o m o t e d  by I A A  at 
0.17 m M  (Table  1). 

The  I A A - i n d u c e d  adven t i t i ous  roo t  fo rma t ion  in 
e x c i s e d  c u c u m b e r  c o t y l e d o n s  was  s ign i f i can t ly  
s t imula ted  by (+_)-cis-chrysanthemic acid at 0 .006-  
1.8 mM.  The  e f fec t  o f  (+_)-cis-chrysanthemic acid 
on I A A - i n d u c e d  roo t ing  was  add i t ive  (Table 2). 

The  adven t i t i ous  roo t  f o r m a t i o n  in exc i sed  cu- 
c u m b e r  c o t y l e d o n s  was  s ignif icant ly  enhanced  by 
seve ra l  i somers  o f  c h r y s a n t h e m i c  acid and sod ium 
(+-)-cis-chrysanthemate at 0.18 mM.  In those  com-  
pounds  t es ted ,  sod ium (+-)-cis-chrysanthemate ex- 
h ib i t ed  the  h i g h e s t  p r o m o t i v e  a c t i v i t y  and  (---)- 
trans-chrysanthemic acid the lowes t .  Roo t ing  in ex- 

Table 2. Interaction of (+-)-cis-chrysanthemic acid and IAA on 
the rooting of excised cucumber cotyledons (dark, 26~ 

Concentration of 
( z )-cis-chrysanthemic 
acid (raM) 

No. of roots on 10 cotyledons 

Control IAA 0.017 mM 

0 17.5 --- 3.1 27.2 • 5.7 
0.006 24.2 - 2.2 29.7 --+ 4.3 
0.06 33.2 --- 6.1 45.5 +- 2.8 
0.18 38.2 --- 4.5 49.0 • 5.5 
0.6 44.0 • 3.7 52.5 --- 2.0 
1.8 25.7 --. 3.7 35.5 ~- 3.1 

Values are mean --- SD. 

Table 3. Effect of several isomers of chrysanthemic acid and 
IAA on the rooting of excised cucumber cotyledons (dark, 26~ 

No. of 
roots on 10 Promotion 

Treatment (mM) cotyledons (%) 

Control 12.5 • 1.2 
( + )-cis- 

Chrysanthemic acid 0.18 31.5 -- 2.8 152.0 
(+-)-cis- 

Chrysanthemic acid 0.18 31.0 - 4.6 148.0 
( - )-cis- 

Chrysanthemic acid 0.18 38.2 - 4.9 205.0 
( +- )-trans- 

Chrysanthemic acid 0.18 26.0 --- 4.3 108.0 
Na ( +- )-cis- 

Chrysanthemate 0.18 39.5 --- 4.6 216.0 
IAA 0.18 37.0 --- 2.4 196.0 

Values are mean -4- SD. 

c i sed  c u c u m b e r  c o t y l e d o n s  was  also p r o m o t e d  by 

I A A  at 0.18 m M  (Table  3). 

Effect o f  Sodium ( +-)-cis-chrysanthemate on 
Rooting in Mung Bean Cuttings 

R o o t i n g  in mung  b e a n  cu t t ings  was  s ign i f ican t ly  

p r o m o t e d  by s o d i u m  (+_)-cis-chrysanthemate at 
0 .06-0 .6  mM.  The  op t ima l  concen t r a t i on  was  a lso  

0.6 raM, at supe r -op t ima l  c o n c e n t r a t i o n  roo t ing  de- 
c r e a s e d  marked ly .  I B A  at 0.0049 mM also obv i -  
ous ly  p r o m o t e d  roo t ing  (Table  4). 

Effect o f  Sodium (+-)-cis-chrysanthemate on 
Rooting in Kidney Bean Cuttings 

The  roo t ing  o f  k idney  b e a n  cut t ings  was  signifi- 
can t ly  p r o m o t e d  by sod ium (+_)-cis-chrysanthemate 
at 0 .18-6  m M  wi th  1.8 m M  as the opt imal  c o n c e n -  
t ra t ion,  a b o v e  that  the roo t ing  o f  cut t ings was  mark -  
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Table 4. Effect of sodium (-)-cis-chrysanthemate on rooting of 
mung bean cuttings. 

No. of 
Treatment roots on Promotion 
(raM) 6 cuttings (%) 

Control 
Na ( +- )-cis- 

chrysanthemate 

IBA 

51.0 - 5.6 

0.006 50.0 +- 8.1 - 1.9 
0.06 84.2 --- 10.1 65.0 
0.18 127.0 --- 12.1 149.0 
0.6 178.5 --- 14.0 250.0 
1.8 38.0 - 15.7 -25.4 
0.0049 104.5 - 17.5 104.9 

Values are mean --- SD. 

Table 5. Effect of sodium (+-)-cis-chrysanthemate and IAA on 
rooting of kidney bean cuttings. 

No. of 
Treatment roots on Promotion 
(mM) 7 cuttings (%) 

Control 
Na ( +-)-cis- 

chrysanthemate 

IAA 

105.5 -+- 11.0 

0.18 174.0 - 12.7 64.9 
0.6 199.0 --+ 13.7 88.6 
1.8 276.0 --- 20.7 161.6 
6 128.5 --. 35.5 21.8 
0.057 161.0 --- 10.0 52.6 

Values are mean -~ SD. 

edly  dec reased .  I A A  at 0.057 m M  obv ious ly  s t imu- 
la ted root ing  in k idney  bean  cut t ings  (Table 5). 

In  s u m m a r y ,  the resul ts  in this s tudy indicate  that  
(+-)-cis-chrysanthemic acid at 0.006-1.8 raM, sev-  
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eral  i somers  o f  c h r y s a n t h e m i c  acid  and s o d i u m  
(+-)-cis-chrysanthemate at 0.18 m M  s igni f ican t ly  
p rom o te  adven t i t ious  root  fo rma t ion  in exc i sed  cu- 
c u m b e r  co ty l edons  (Tables  1-3). Sod ium (+-)-cis- 
c h r y s a n t h e m a t e  at 0.06--0.6 m M  obv ious ly  s t imu- 
lates root ing  in mung  bean  cut t ings.  S o d i u m  (+)-cis- 
c h r y s a n t h e m a t e  at 0.18--6 m M  also c lear ly  e n h a n c e s  
the root ing  o f  k idney  bean  cut t ings.  The  m e c h a n i s m  
of  ac t ion  o f  the c h r y s a n t h e m i c  acids and thei r  de- 
r iva t ives  is still not  c lea r  and dese rves  fu r the r  ex- 
aminat ion .  The  a b o v e  f indings may  h a v e  prac t ica l  
impor t ance .  
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