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ABSTRACT 

Nodal explants (0.5 to 0.8 cm long) isolated from 
2-year old shrubs of guayule, Parthenium argentatum 
Gray, when cultured on MS medium supplemented 
wi th d i f ferent  concentrat ions of KN, BAP, 2,4-D, 
2,4-D + BAP, NAA and NAA + BAP produced callus 
tissues and shoots simultaneously with varying frequencies. 
Shoots were regenerated with a high frequency (80-88%) 
from callus on MS medium containing NAA + BAP 
wi th or wi thout  glutamine. Addit ion of glutamine to 
these media improved considerably the number of 
shoots formed from a known amount of callus. Shoots 
could be regenerated from 200 day old callus cultures 
wi th a very high frequency but the organogenetic 
capacity declined thereaf ter .  Increase in the concentration 
of sucrose (upto 4%) signi f icant ly enhanced the shoot 
forming ab i l i ty  of callus, but higher concentrations 
(6%) suppressed i t .  Rooting was induced only in dark 
when IAA, IBA and NAA were used, but 2,4-D could 
induce them both in l ight and dark. The system is 
suitable for the mass propagation of this important  
rubber yielding plant. 

ABBREVIATIONS 

MS, Murashige and Skoog (1962); IAA, Indole-3- 
acet ic acid; IBA, Indole-3-butyr ic acid; NAA, c~- 
Naphthaleneacet ie acid; 2,4-D, 2,b,-Dichlorophenoxy- 
acetic acid; KN, Kinet in;  BAP, 6-Benzylaminopurine. 

INTRODUCTION 

Par then ium argen ta tum Gray (Asteraceae), 
commonly known as guayule, is an important  rubber 
producing shrub. The plant is general ly grown under 
semi-avid or avid regions for the production of natural 
rubber. Plants in the f ie ld may be established from 
nursery grown seedlings and cuttings (Nishimuva eL al. 
1944). One major l im i ta t ion  for the commercia l  prod-~tion 
of guayule rubber is its low rubber yields and inconsistent 
f ie ld establishment by direct  seeding. This is because 
of susceptibi l i ty of seedlings to water  and sal ini ty 
stresses (Tipton, 1988). Therefore, there is a need 
to generate var iat ion in guayule which can resist water  
and salt stresses. Ef f ic ient  methods of plant regenerat ion 
from tissue cultures are necessary for the selection 
and/or the creat ion of useful variants. Subramanian 
and Subba Rao (1980) and Zavata el: at. (1980) reported 
Parthenium callus cultures that develop roots and 
shoots. The present paper describes a method for the 

mass propagation of guayule by in v i t ro  organ and 
callus cultures. 

MATERIALS AND METHODS 

Nodal explants (from 3rd to 121h node below 
the shoot apex) measuring 0.5 to 0.8 em were col lected 
from 2-year old shrubs of guayule (Parthenium 
argentatum Gray), washed under running tap water  
and then surface ster i l ized wi th 0.1% mercuric chloride 
far 6-8 minutes. The expiants were washed with steri le 
dist i l led water  thoroughly and inoculated (one into 
each test tube containing 15 mt of agar medium) 
onto MS medium containing 2% sucrose and various 
concentrations and combinations of hormones (Table 1). 
The pH of the medium was adjusted to 5.8 before 
sol idifying wi th 0.8% agar. Callus tissues in i t ia ted 
from the nodal explants on MS media containing 0.5 mg/ 
l KN or 0.5 mg/l  BAP or 0.5 mg/l  2,4-D or 1 mg/l  
2,4-D + 2 mg/l  BAP were subsequently transferred 
and maintained on 0.2 mg/1 NAA + 0.2 mg/l  IAA + 
1 mg/ l  BAP. Callus was subcuJLured every 25-30 days. 
The cultures were maintained at 25 + 2°C with a photo- 
period of 16 hours l ight (2000 lux, f luorescent l ight). 
For generation of shoots, approx imate ly  250 _+ 20 mg 
of callus was used. Explants, callus and regenerated 
shoots for rooting were scored at the end of the fourth 
week. For rooting of the in v i t ro  derived shoots, half 
the MS salt concentrat ion but wi th ful l  strength of 
iron (Fe EDTA) was used wi th varying concentrat ions 
of auxins ei ther in l ight (2000 lux) or in dark. All 
experiments were repeated at least once. 

RESULTS AND DISCUSSION 

The influence of d i f ferent  hormones on the 
morphogenetic response of nodal explants of guayule 
is given in Table 1. Increasing concentrations of KN 
and BAP (0.5 to 2 mg/l) decreased the frequency of 
callus in i t ia t ion but increased the format ion of mult ip le 
shoots d i rect ly  f rom the nodal explants. Sti l l  higher 
concentrations (3 and 5 mg/l) suppressed callus format ion.  
BAP was found to be bet ter  compared to KN for the 
production of mul t ip le shoots. 2,4-D or NAA alone, 
or 2,4-D and BAP together produced only callus but 
no organogenesis. NAA (0.5 mg/l) and BAP (3 mg/l) 
combination however, showed the highest (72%) frequency 
of response (Table 1) f rom nodal exp/ants. 
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Table 1. Morphogenetic  response of  nodal explants  of guayule to d i f ferent  hormonal t reatments  

Hormonal cone. (mg/l) 
No. of explants Percentaqe of explants qivinq 
inoculated Callus Shoots 

No. of shoots 
formed per 

explant  

No hormone 20 
0.5 KN 15 75 
1.0 KN 18 35 I 0 (elongated)* 
2.0 KN 15 5 25 (elongatged) 
3.0 KN 20 30 (dwar f ) * *  
5.0 KN 22 /41 (dwarf) 

0.5 BAP 2/4 90 
1.8 BAP 25 30 20 (elongated) 
2.0 BAP 30 5 /48 (elongated) 
3.0 BAP 26 /49 (dwarf) 
5.0 BAP 29 59 (dwarf) 

0.5 2,/4-D 18 60 
1.0 2,/4-D 20 70 
1.0 2,/4-D + 0.5 BAP 22 32 
1.0 2,4-D + 1 BAP 28 /4/4 
1.0 2,4-D + 2 BAP 31 50 
2.0 2,/4-D + 3 BAP 32 56 

0.5 NAA 20 92 
1.0 NAA 26 90 
0.5 NAA + 0.5 BAP 20 58 
0.5 N A A  + 1 BAP 18 /46 50 (elongated) 
0.5 NAA + 2 BAP 30 /46 56 (elongated) 
0.5 NAA + 3 BAP 35 65 72 (dwarf) 

I-2 
I-2 
2-3 
2-/4 

I-2 
2-/4 
5-8 
8-12 

3-6 
8-12 
I/4-18 

* 2 to 8 cm in length; * *  0.5 to 1 cm in length 

Table 2. Influence of glutamine and sucrose on organogenetic response of node derived callus of guayule 

MS Medium wi th hormones Sucrose Age of No. of % Frequency of 
(mg/t) conc. callus caIl i  cal l i  showing shoot 

(g/l) (days) cul tured regenerat ion 

No. of shoots 
formed per callus 

mass (250 _+ 20 mg) 

0.1 BAP 20 50 18 49 
1.0 BAP 20 50 20 58 
0.1 N A A  + 2.5 BAP 20 50 18 67 
0.5 N A A  + 3 BAP 20 50 18 70 
0.1 N A A  + 2.5 BAP + 200 glutamine 20 50 20 88 
0.1 N A A  + 2.5 BAP + 200 glutamine 20 100 25 8/4 
0.1 N A A  + 2,5 BAP + 200 glutamine 20 200 23 85 
0.1 N A A  + 2.5 BAP + 200 glutamine 20 250 20 30 
0.02 N A A  + 2.5 BAP 20 50 18 75 
0.02 N A A  + 2.5 BAP + 200 giutamine 20 50 18 75 
0.1 N A A  + 2.5 BAP 5 60 16 
0.I N A A  + 2.5 BAP 10 60 20 32 
0.1 N A A  + 2.5 BAP 20 60 20 65 
0.1 N A A  + 2.5 BAP 30 60 18 80 
0.1 N A A  + 2.5 BAP /40 60 19 85 
0.1 N A A  + 2.5 BAP 60 60 25 2/4 

3-4 
6-8 
5-8 
8-11 
13-15 
22- 25 
22- 25 
10-15 
9-12 
18-20 

3-4 
5-8 
12-15 
1 2-14 
3-/4 

The e f fec t  of sucrose~ BAP, N A A  + BAP, N A A  + BAP + 
glutamine on organogenetic response of node der ived 
callus of guayule is shown in Table 2. 

BAP at the concentrat ions used (0.1 and 1 
mg/m[) exhib i ted 0,9-58% frequency of shoot regenerat ion. 
The frequency of response increased considerably 
(70%) when a combinat ion of N A A  (0.5 mg/t) and 
BAP (3 mg/l)  was used. Addit ion of 200 mg/ l  
glutamine great ly  improved the number of shoots 
formed per callus piece. The callus has retained the 
capaci ty  to d i f fe rent ia te  shoots continuously for 
over 200 days through 8 passages. Each callus mass 

(250 + 20 mg) produced 13-15 shoots wi th a mean 
height of 0.5 cm in four weeks. The number of 
regenerants almost doubled (22-25) during the 2nd 
and subsequent passages on the same medium. However,  
the regenerat ing ab i l i t y  of the callus decl ined 
considerably by 250 days (10 passages). The callus 
grown on MS medium containing 2 mg/ l  2,4-D + 
0& mg/ l  KN was f r iable,  watery ,  brownish and found 
to be reca lc i t rant .  On the other hand, callus grown 
on 0.2 mg/ l  IAA  + 0.2 mg/ l  N A A  + 1 mg/I BAP was 
creamy whi te,  compact  and nodular wi th green 
patches. This callus showed a very strong morphogenet ic 
ab i l i t y  for over 200 days in cul ture. Replacement 
of N A A  wi th IAA did not suppress the frequency 



of response, but incorporat ion of glutamine doubled 
the number of shoots formed per callus mass. Sucrose 
at 0.5% level fai led to evoke any organogenetic 
response, but higher concentrations (upto 4% level) 
increased the frequency of response. However, 6% 
sucrose drast ical ly reduced the shoot forming potent ia l i ty  
of these cultures (Table 2). 

Shoots obtained via direct regenerat ion from 
nodal ax i l tary buds or adventi tous buds formed on 
callus were transferred to MS agar media (half strength 
except Fe EDTA) for t i f ied  with d i f ferent  concentra- 
tions of auxins (Table 3). IAA~ IBA and NAA when 
added did not induce roots in t ight. Increasing 
concentrat ions of IAA enhanced the frequency of 
root format ion in shoots when incubated in dark. 
IBA produced roots only at 0.06 mg/l  level but not 
at other concentrations. While lower concentrations 
of NAA (0.02 to 0.06 mg/l) fai led to in i t ia te roots, 
higher concentrations were very ef fect ive.  On the 
other hand, 2~/4-D produced roots both in t ight as welt 
as in dark, the frequency response being higher in 
l ight. Lower concentrat ions of 2,4-D (0.0/4 to 0.06 
mg/l) seemed to be bet ter  compared to higher concentra- 
tions for root ing of shoots. Few cultures also showed 
callusing at the base of the shoots (Table 3). 

Table 3. Response of excised shoots to root ing t rea tments  
on agar m e d i u m *  

Treat-  % of cultures No. of No. off cul- 
ment rooting at cut end roots Lures cal lu- 
(mg/l) Light Dark per sing at 

culture shoot base 

0.02 IAA 
0.0/4 IAA 
0.06 IAA 
0.08 IAA 
0.1 IAA 
0.5 IAA 
0.02 IBA 
0.04 IBA 
0.06 IBA 
0.08 IBA 
0.1 IBA 
0.5 IBA 
0.02 NAA 
0.0/4 NAA 
0.06 NAA 
0.08 NAA 
0.1 NAA 
0.5 NAA 
0.02 2,4-D 
0.0/4 2,4-D 
0.06 2,4-D 
0.08 2,4-D 
0.1 2,4-D 
0.5 2,4-D 

50 1.0 
15 1.0 
65 2.5 
70 2.5 
75 3.0 

/41 2.5 

10 

- 70 3.5 

- 72 5.5 

- 7/4 6.5 15 

35 38 3.5 
70 45 4.5 
72 50 8.5 
60 50 9.0 10 
55 /4 2 8.0 20 
48 30 /4.0 35 

* Data col lected from 10 cultures per t rea tment  

Arreguin and Bonnet (1950) established Parthenium 
2ultures from stems.  Zavala et  al. (1980) obtained 
axenic cultures from seedling explants or its cotyledons 
or leaf blades, petioles and roots (Wickham et al. 
1980). Wickham et at. (1980) reported maximum 
callus format ion and growth on MS medium supplemented 
wi th 0.5 mg/1 2,/4-D and 1 mg// BAP for Parthenium 
hysterophorus. On the other hand, Subramanian and 
Subba Rao (1980) noticed good growth of the callus 
on MS medium containing 0.18 mg/ l  IAA and 0.02 
mg/l  KN for the same species. Parthenium argentatum 
callus cultures exhibi ted superior growth wi th a 
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combinat ion of kinetin (1 mg/t), NAA (0.2 mg/l) 
and inositol (2 mg/l) (Zavala eL al. 1980). But, enhanced 
callus growth has been achieved in the present study 
on MS medium containing 0.2 mg/l  IAA, 0.2 mg/l  
NAA and 1 mg/l  BAP (data not shown). 

While lower concentrations of KN, BAP (0.5 
mg/l), 2,4-[3 (1 mg/l) and NAA (0.5 mg/l) seemed to 
be good for catius in i t iat ion,  higher concentrations 
(except 2,4-D or 2,/4-D + BAP) favoured root format ion 
from nodal explants (Table 1). 

Subramanian and Subba Rao (1980) reported 
shoot buds on stem callus tissues of P. hysterophorus 
on a medium incorporated with IAA (1.75 rag/l) plus 
ei ther KN (1.01 mg/1) or BAP (1.13 mg//). Shoot 
format ion was achieved from root or hypocotyl  derived 
callus tissues of P. argentatum on k4ahlberg's medium 
for t i f ied  with KN (0.1 mg/l), 2,4-D (0.2 mg/l), NAA 
(0.2 mg/l) and 2 mg/l  inositol (Zavala et aJ. 1980). 
Dastoor eL al. (1981) obtained shoots from callus 
cultures grown on MS medium containing 0.1 mg/l  KN 
and 10 rag/1 2(3,t4-dichlorophenoxy) t r ie thy lamine 
der ivat ive.  Staba and Nygaard (1983) reported shoot 
d i f ferent ia t ion on MS medium supplemented with 0.1 
mg/l  BAP. Increasing concentrations of BAP enhanced 
the percent frequency of shoot regenerat ion in the 
present study. Addit ion of glutamine (200 mg/l) nat 
only resulted in the highest frequency (84-88%) of 
shoot format ion but also the number of shoots formed 
per callus mass great ly improved. Carbohydrate 
concentrat ion in the medium also influenced the 
d i f ferent ia t ion of shoots and 4% sucrose was found 
to be opt imum (85% frequency). 

Zavala et  al. (1980) reported the formation 
of roots from callus cultures on a solid medium 
containing inositol (1-2 mg/l) or inositol and casein 
hydrolysate (1 mg/l), and d i f ferent  concentrat ions  
of 2,4-D, KN or NAA. Different ia t ion of roots has 
been shown also from callus tissues grown on MS 
medium containing 0.1 mg/l each of 2,4-D, BAP and 
kinetin or 2,4-D and 6-dimethylaminopurine (Wickham 
et al. 1980). Staba and Nygaard (1983) reported roots 
from shoots grown in liquid RT medium with 0.05 
mg/l BAP. Contrary to the above reports ,  present  
studies showed that  MS stat ic medium containing 
0.5 mg// IAA or NAA was the best for root in i t ia t ion 
in shoots grown in dark. 

About 100 regenerated plants were transferred 
to pots with 60-70% success rate. Morphological 
variat ions have been observed among the regenerants 
(data not shown). This report,  thus demonstrates 
successful regenerat ion of whole plants with high 
frequency and their  subsequent transfer to soil. 
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