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In Vitro Culture of Subanguina picridis in Acroptilon 
repens Callus, Excised Roots, and Shoot Tissues 

X .  O u  AND A.  K.  WATSON 1 

Abstract: The  knapweed nematode Subanguina picridi~ is a foliar parasite that is of interest as a 
biological weed control agent of  Russian knapweed. Attempts were made to culture the nematode in 
callus, excised roots and in shoots derived from roots of  Russian knapweed. In callus tissues, the 
nematode developed from second-stage juvenile to adult but failed to reproduce; it developed only 
to the fourth  stage in excised roots. However, S. picridis was successfully cultured in vitro in shoots 
derived from roots. The  nematode induced galls on the leaves, petioles, and shoot apices and 
developed and reproduced inside the galls. Gibberellic acid increased the development rate of  the 
nematode and promoted the formation of males. This is the first gnotobiotic culture of a nematode 
used for biological weed control. 

Key words: Acroptilon repens, biological weed control, culture, gibberellic acid, knapweed nematode, 
nematode, Russian knapweed, Subanguina picridis. 

Russian knapweed, Acroptilon repens (L.) 
DC, is an economically important peren- 
nial weed, introduced from Asia Minor 
(10) into North America in the early 1900s 
(9). It is now widely distributed in western 
Canada and in the central regions of  the 
United States, as well as being considered a 
noxious plant in Australia, New Zealand, 
and parts of  Europe  and Asia (15,20). 
Control is difficult by cultural and chemi- 
cal methods (20,21). 

The  nematode Subanguina picridis (Kir- 
janova) Brzeski induces galls on the stems, 
leaves, and root collars of  Russian knap- 
weed and reduces growth and~reproduc - 
tion of  this weed (10). The nematode has a 
restricted host range (22) and was im- 
ported from the Soviet Union for the bio- 
logical control o f  Russian knapweed in 
North America (21,23). The current  effec- 
tiveness of  S. picridis for biological control 
of  Russian knapweed is limited in North 
America and other parts of  the world be- 
cause the nematode completes only two 
generations per  year and has limited nat- 
ural dispersal. Thus  a large quantity of  
nematode inoculum that could be readily 
disseminated would increase the success of  
S. picridis as a biocontrol (23). 

No species of  Subanguina nor any species 
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of related Anguina and Nothanguina have 
been successfully cultured in vitro. The ob- 
jective of  this study was to propagate S. 
picridis in vitro in callus tissues, excised 
roots, and shoots derived from cultured 
roots of  Russian knapweed. 

MATERIALS AND METHODS 

Callus tissue: Callus tissue was cultured 
on B5KD, B5KDG, or B5KDGL medium; 
B5KD was Gamborg's B5 medium (6) sup- 
plemented with 0.1 mg/L kinetin and 1.0 
mg/L 2,4-dichlorophenoxyacetic acid (2,4- 
D), while B5KDG and B5KDGL were 
B5KD supplemented respectively with 1.0 
mg/L or 10.0 mg/L gibberellic acid (GA3). 

Petioles from Russian knapweed plants 
grown in a greenhouse were washed with 
tap water for 10 minutes, surface disin- 
fested in 1% sodium hypochlorite solution 
for 15 minutes, rinsed with sterile distilled 
water three times, and then cut into 5-mm 
segments.  The  pet iole segments  were  
placed onto B5KD, B5KDG or B5KDGL 
medium, and callus deve loped  after  7 
days. 

A dry gall was placed in a petri dish con- 
mining sterile distilled water, cut into small 
pieces and left in the water overnight. The 
gall debris was removed, and the liberated 
second-stage juvenile 02) nematodes in 
water were concentrated by centrifuging 
for 5 minutes at 2,720 g, and washed in 
sterile distilled water by centrifuging three 
times. Nematodes were surface disinfested 
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in 100 ppm HgC12 for 1 minute, followed 
by three 2-hour surface disinfestations in a 
solution of  100 mg/L novobiocin + 30 
ppm malachite green + 1000 ppm strep- 
tomycin sulfate. Surface disinfested nema- 
todes were concentrated by centrifuging 
and transferred with a pipette to 6% agar 
medium amended with 300 mg/L novobio- 
cin. Nematodes could be maintained in the 
agar medium in a refrigerator at 4 C for 3 
months. 

Fifty disinfected J2 were applied to the 
callus derived f rom petioles in B5KD, 
B5KDG, and B5KDGL media. The cul- 
tures were maintained at 22 C day (16 
hours)/18 C night (8 hours) for 50 days. 

Each week, callus tissue from three cul- 
tures of  each medium was carefully broken 
up to release nematodes from the callus, 
and developmental  stages of  S. picridis 
were identified using a stereo microscope. 

Excised root tissues: Shoot apices 1.5-cm 
long were excised from Russian knapweed 
plants grown in a greenhouse, surface dis- 
infested in 1% sodium hypochlorite solu- 
tion for 15 minutes, and washed three 
times in sterile distilled water. The shoot 
tips were excised under  a stereomicro- 
scope and were cultured using a filter- 
paper  br idge technique (4) in MSIBG 
(Murashige and Skoog's MS medium as 
modified by Linsmaire and Skoog [13] 
supplemented with 2.0 mg/L indole-3- 
butyric acid [IBA], 2.0 mg/L 6-benzylami- 
nopurine [BAP], and 1.0 mg/L gibberellic 
acid [GAs]). Shoots formed after 1 week 
and were transferred to the rooting MSIG 
medium (MS medium as modified by Lins- 
maire and Skoog [13] + 2.0 mg/L IBA + 
1.0 mg/L GA3). One month after transfer, 
root tips 2-cm long were excised and trans- 
ferred to B5G medium (Gamborg's B5 me- 
dium [6] + 1.0 mg/L GA3). 

Fifty disinfected J2 were applied onto 
the medium near the excised root in each 
of  10 replicated petri dishes. Shoot tip, 
root, and nematode cultures were main- 
tained at 25 C under  a 16-hour photope- 
riod at 3,000 lux. 

The development of nematodes inside 
and outside roots was observed under  a 

microscope daily for 50 days, and the 
mean percentage penetration of 10 repli- 
cates was calculated. 

Shoots derived from excised roots: Twenty 
excised root segments about 4-cm long 
were transferred from MSIG to MSIBG 
medium. Ten segments were placed on the 
surface of  the medium and 10 were in- 
serted below the surface. The  cultures 
were maintained under  the same condi- 
tions as the root cultures. 

To determine the shoot formation rate, 
34 additional root segments, also 4 cm 
long, were inserted into MSIBG and ob- 
served daily for shoot formation. 

When shoots were 2-3 mm long, 50 sur- 
face-disinfected J2 were applied onto B5G 
or MSIBG medium near roots with new 
shoots. Treatments were replicated seven 
times. The cultures were maintained at 20 
C, with a 16-hour photoperiod at 3,000- 
4,000 lux. 

RESULTS 

Callus tissues: In B5KD and B5KDG me- 
dia, nematodes developed from J2 to J4 
within 3 weeks. In B5KD nematodes did 
not  subsequently develop beyond the 
fourth stage, and no male J4 were found. 
Nematodes developed faster in B5KDGL 
medium than in B5KDG medium (Table 
1). Adult females and males developed in 
B5KDG and B5KDGL. No sperm were 
found in spermathecae of females; how- 
ever, sperm were present in male repro- 
ductive systems. No eggs were found in the 
uteri of females. Numbers of  nematodes 
decreased with the cul ture  time, and 
nematodes did not reproduce in the callus 
culture. 

Excised root tissue: Five days after inocu- 
lating cultures, many nematodes (87%) 
had penetrated root tissue (Table 2), most 
entering the root tip region. However, the 
nematodes moved in and out of the root 
tissue frequently and also moved from one 
root cell to another. When migrating be- 
tween cells, the n e m a t o d e  body was 
squeezed flat, and the intestinal constitu- 
ents moved forward. Root hairs were de- 
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TABLE 1. D e v e l o p m e n t  o f  Subanguina picridis in  
c a l l u s  t i s s u e s  o f  R u s s i a n  k n a p w e e d  (Acroptilon 
repens) o n  t h r e e  c u l t u r e  m e d i a .  

TABLE 2. P e n e t r a t i o n  o f  Subanguina picridis i n t o  
e x c i s e d  r o o t  t i s sue  o f  R u s s i a n  k n a p w e e d  (Acroptilon 
repens).t 

M e d i u m t  
Days af te r  Life 
inoculat ion stage BSKD B5KDG B5KDGL 

7 J 2  + ~  
j3 + 

14 J 2  + + 

J 3  + + 
J 4  + + 

21 J 2  + + 

J 3  + + 
J 3  m o l t i n g  + + 

J 4  ( ~ )  + + 
J 4  (c~) - + 

2 8  J 2  + + + 

J 3  - + + 
J 4  ( ~ )  + + + 
J 4  ( 5 )  - + + 
a d u l t  ( ~ )  - - + 
a d u l t  (c~) - - + 

3 5  J 2  + + + 

J 3  + + + 
J 4  - + + 
a d u l t  ( ~ ) - - - 
a d u l t  ( 5 )  - + - 

4 2  J 2  + + + 

J 3  + + + 
J 4  - + + 
a d u l t  ( ~? ) - + + 
a d u l t  ( 5 )  - + - 

4 6  J 2  + + + 
J 3  + + - 
J 4  - + + 
a d u l t  ( ~ ) - + - 
a d u l t  ( 5 )  - + - 

5 0  J 2  + + + 

J 3  + + - 
J 4  - - + 

? B5KD m e d i u m  was G a m b o r g  B5 med ium (5) supple-  
men ted  with 0.1 mg/L kinetin a n d  2,4-dichlorophenoxyacet ic  
acid (2,4-D); B 5 K D G  a n d  BSKDGL were  B5KD supple-  
mented ,  respectively, with 1.0 mg/L or  10.0 mg/L gibberellic 
acid (GAs). 

:~ The  first observations o f  B5KD, B5KDG, and  B5KDGL 
were made  1, 2, a n d  4 weeks a f te r  inoculation. T h e  symbols 
+ a n d  - indicate presence o r  absence of  nematodes.  

stroyed by nematode movement and were 
scattered around the roots. 

The nematode developed from J2 to J3 
10 days after inoculation and to J4 15 days 
after inoculation (Table 3). Twenty days 
after inoculation, the J2, J3, molting J3, 
and J4  were found inside or outside the 
root tissue. Further development of  the 
nematodes did not occur beyond 28 days 

Days af te r  Penet ra t ions  
inoculat ion (%) 

5 8 7  
7 8 7  

12 91 
2 6  9 3  
3 4  8 6  

t Root tissue cu l tured  on  Murashige  a n d  Skoog's MS me- 
d ium as modi f ied  by Linsmai re  a n d  Skoog (13), supple-  
men ted  with 2.0 mg/L indole-3-butyric acid + 1.0 mg/L gib- 
berellic acid. 

* Data presented  are  means  o f  10 replicates. 

after inoculation. Reproduct ive systems 
developed normally during the first 20 
days but became shorter and optically un- 
clear after 28 days. At this time, nematode 
growth subsided and nematode  activity 
also decreased. No nematodes developed 
beyond J4 during the 50-day period. 

Shoots derived from excised roots: Shoots 
formed only on roots inserted into the me- 
dium, whereas roots placed on the surface 
of the medium formed callus. Between 4 
and 53 days after transfer, shoots formed 
on 56% of  the roots, with most shoots 
forming during 28-49 days. 

Three days after inoculation, nematodes 
were found inside shoot apices. The first 
galls were observed 13 days after inocula- 
tion on shoots derived from roots on both 
B5G and MSBIG media. About 50% of the 

TABLE 3. Subanguina picridis d e v e l o p m e n t  in  ex-  
c i s ed  r o o t  t i s sue  o f  R u s s i a n  k n a p w e e d . t  

Life stages 

Days af ter  adul t  adul t  
inoculation J2  J3  J4  ( ? )  (~) 

0 + $  - - 
10 + + - 
15 + + + 
2 0  + + + 
2 5  + + + 
3 5  + + + 
5 0  + + + 

t Root  tissue cul tured  on  Murash ige  a n d  Skoog's MS me- 
d ium as modi f ied  by Linsmaire  a n d  Skoog (13), supple-  
mented  with 2.0 mg/L indole-3-butyric acid + 1.0 mg/L gib- 
berellic acid. 

:~ T h e  symbols + a n d  - indicate presence o r  absence o f  
nematodes.  
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shoots became galled with f rom one to 
four galls per  shoot (Fig. 1). Galls formed 
on the leaves, shoot apices, and the peti- 
oles. One month after the first galls were 
observed, all life stages were found inside 
galls. Young adult  females with one to 
three eggs inside the uterus and sperm in- 
side the spermatheca were observed. The 
maximum number  of  nematodes per gall 
was 211, a 4.2-fold increase. 

DISCUSSION 

In this study, we developed a unique 
method of using the shoots derived from 
roots to culture S. picridis. The develop- 
ment of  the nematode was quite different 
in various types of  Russian knapweed tis- 
sue. In the callus tissues derived from pet- 
ioles, males and females developed from 
J2 but  did not reproduce, while in the ex- 
cised root culture, nematodes did not de- 
velop beyond J4. However, in the shoots 
derived from excised roots, the nematodes 
induced galls off the leaves, petioles, and 
shoot apices and developed and repro- 

FIG. 1. Subanguina picridis gall on Russian knap- 
weed (Acroptilon repens) shoot derived from root seg- 
ment in culture. A) One gall per shoot (arrow). B) 
Four galls on one shoot (arrows). 

duced inside the galls. This is the first time 
S. picridis has been propagated in vitro. 

Various genera of  plant-parasitic nema- 
todes, such as Meloidogyne, Heterodera, An- 
gu/na, and Subanguina, have evolved an in- 
timate relationship with their hosts by the 
development of  specialized feeding sites in 
plant tissues (5,11). The failure of  a plant- 
parasitic nematode to complete its life cy- 
cle may be attributable to: 1) inability of  
the nematode to enter the host, 2) failure 
to induce the feeding site, or 3) the lack of  
elements required for nematode repro- 
duction (12). 

The active metabolic status of  callus tis- 
sue (1) seems to satisfy the developmental 
requirements of  S. picridis. Nematodes de- 
veloped normally in callus f rom J2 to 
adults. The  hyper t rophy ,  hyperplasia ,  
meristematic cellular morphology,  and 
large increases in protein and nucleic acid 
content  that occur dur ing callus tissue 
growth (1) are similar to anatomical and 
physiological changes that generally occur 
during the development of  galls induced 
by plant-parasitic nematodes  (5,11,16- 
19,21), and various nematodes have been 
cultured in plant callus tissue. However, S. 
picridis did not reproduce in callus. The 
absence of sperm in the spermathecae of  
females and the presence of  large numbers 
of  sperm in male reproductive systems in- 
dicate that fertilization did not occur in the 
callus. This failure may result from inac- 
tivity of the nematodes in the callus, or a 
lack of  reproductive function of  female 
nematodes in the callus. 

In the excised root, S. picridis frequently 
moved in and out of  the root tissue, and 
apparently did not establish a permanent  
feeding site. The nematode did not de- 
velop beyond J4. These results indicate 
that the root tissue is not suitable for cul- 
ture of  this nematode. In addition, the nu- 
tritional or environmental requirements 
for development from J4 to adult may dif- 
fer from those required for development 
from J2 to J4. 

The specificity of  a plant-parasitic nema- 
tode is not only manifested by the selection 
of  its host but is also manifested by the 
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paras i t ic  pos i t i on  in t he  p lant .  Specif ic  
par ts  o f  the  p lan t  and  specific g rowth  pat-  
t e r n  o f  a p l an t  t issue a r e  r e q u i r e d  fo r  
n e m a t o d e  d e v e l o p m e n t  and  r ep roduc t i on  
(21). Like mos t  ga l l - fo rming  nema todes ,  
the  invasive juven i le  o f  S. picridis pene-  
t ra tes  into mer is temat ic  tissue and  induces 
galls at the pene t r a t ion  site. T h o u g h  bo th  
exc ised  roo t s  a n d  shoots  d e r i v e d  f r o m  
roo t s  o f  Russ i an  k n a p w e e d  h a v e  m e r -  
istematic tissues, S. picridis can only f o r m  
galls a n d  r e p r o d u c e  in shoot  a p e x  tissues. 
In  m o n o x e n i c  cu l tu re  o f  some  cyst a n d  
roo t -kno t  n e m a t o d e s  (16,17 ), s imilar  tissue 
s p e c i f i c i t y  was e x h i b i t e d ;  t h e s e  r o o t -  
parasitic nema todes  were  successfully cul- 
t u red  only in the root  and  induced  galls 
the re  only. 

I t  is well k n o w n  tha t  h igh  concent ra t ions  
o f  GA s (1-8 mg/L)  induce  the  growth  o f  
callus in p lan ts  (2,3,7,14), bu t  little re-  
search has b e e n  done  on  the effects  o f  GAs 
on  ' t he  cu l tu re  o f  p lan t -pa ras i t i c  n e m a -  
todes. Gibberell ic acid increased  the n u m -  
bers  o f  the n e m a t o d e  Aphelenchoides ritze- 
mabosi in callus tissue cu l ture  (24). In  o u r  
study, for  cu l ture  o f  S. picridis in callus, the 
addi t ion  o f  G A  3 to B5KD m e d i u m  was es- 
sential for  n e m a t o d e  d e v e l o p m e n t  beyond  
the fou r th  stage. T h e  effect  o f  G A  3 on  for-  
ma t ion  o f  S. picridis males  suggests  tha t  
GAg may  have  male  h o r m o n a l  funct ion.  
Also, the d e v e l o p m e n t  o f  n e m a t o d e s  was 
m o r e  rap id  at the  h ighe r  concent ra t ions  o f  
GAg; adul ts  o f  bo th  sexes deve loped  in 4 
weeks at 10 mg/L,  whereas  the  males  were  
f o u n d  a f t e r  5 weeks and  females  f o u n d  af- 
ter  6 weeks at 1.0 mg/L  GA s. Because GA s 
of ten  p roduces  effects  on  plants  similar to 
those o f  auxin  (8), the  p r i m a r y  effect  o f  
GAg on  n e m a t o d e  d e v e l o p m e n t  was p rob-  
ably t h r o u g h  s t imulat ion o f  the growth  o f  
callus tissue. 

Callus and  excised roo t  cul tures  have  
b e e n  used  fo r  m o n o x e n i c  cul ture  o f  vari- 
ous p lant -paras i t ic  nema todes .  Establish- 
m e n t  o f  mos t  tissue cul tures  d e p e n d s  on  
an exogenous  supp ly  o f  p lant  g rowth  reg-  
ulators,  bu t  it has been  shown that  cul- 
t u r e d  tissue can  also synthesize endoge -  
nous  p lant  g rowth  regula tors  (8). Ne i the r  

auxin  n o r  cytokinin was n e e d e d  to cu l ture  
the n e m a t o d e  in shoots de r ived  f r o m  the 
roots in these exper iments .  I t  seems tha t  
shoots der ived  f r o m  roots  contain  e n o u g h  
e n d o g e n o u s  p lant  g rowth  regu la to rs  fo r  
n e m a t o d e  gall induct ion.  

A n  e c o n o m i c a l  mass  r e a r i n g  sys tem,  
which  can  p r o v i d e  a l a rge  q u a n t i t y  o f  
nenaatodes to a u g m e n t  the na tura l  p o p u -  
lation increase and  dispersal ,  is r equ i r ed  to 
utilize S. picridis to contro l  Russian knap-  
weed. Following the success o f  p r o p a g a t -  
ing S. picridis in shoots der ived  f r o m  the 
excised roots,  we have  establ ished a S. p/c- 
r/d/s mass  rea r ing  system tha t  can  supp ly  a 
large n u m b e r  o f  nema todes  fo r  use as a 
bioherbic ide  to control  Russian k n a p w e e d  
(unpubl.) .  
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