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Relationship between Root Growth of Potato, Root 
Diffusate Production, and Hatching of 

G l o b o d e r a  r o s t o c h i e n s i s  1 

DENISE RAWSTHORNE AND B. B. BRODIE 2 

Abstract: Hatching response of  Globodera rostochiensis in potato root diffusate (PRD) collected by 
soaking individual potato, Solanum tuberosum, root  systems in water for 2 hours  was used to assess 
the relationship between root  growth and PRD production. Resistant potato cultivars Hudson and 
Rosa were used as test plants. Maximum hatch occurred in PRD collected 3 weeks after plant 
emergence (AE) in the greenhouse,  and declined after this time. Hatch was positively correlated 
with increased root  weight only dur ing the first 3 weeks AE. Hudson PRD was consistently more 
active than Rosa PRD in stimulating hatch, except when adjusted for root  weight. Al though the 
results indicated that  cells at the root  tip produced a more active PRD than  cells located elsewhere, 
PRD appeared to be produced along the ent ire  root. Differences in t ime length of the vegetative 
growth phase, extent  of  root  growth, and volume of  roots, ra ther  than the  product ion of  a more  
active PRD per  se, may explain why Hudson is more effective than Rosa in reducing G. rostoehiensis 
population densities in soil. 

Key words: hatch, Globodera rostochiensis, golden nematode, potato root  growth, root  diffusate, 
Solanum tuberosum, potato. 

Although 17-53% of  Globodera rostochi- 
ensis Behrens eggs may hatch spontaneous- 
ly (5,14), they hatch primarily in response 
to an unidentified factor present in potato 
root diffusate (PRD) (7,19). Resistance to 
G. rostochiensis is not correlated with PRD 
production, as most resistant Solanum spp. 
produce PRD that stimulates hatch of  eggs 
(11). The  relationship between root  bio- 
mass (plant age) and activity of  the hatch- 
ing factor in PRD has long been recog- 
nized (13). However,  the procedure  for 
PRD collection in previous studies (i.e., 
leaching of  soil in pots with potatoes) pre- 
vented the quantitation of  the relation- 
ships between root  growth and PRD activ- 
ity. Ellenby (3) and Forrest and Farrer (9) 
collected PRD by soaking potato root  sys- 
tems that were free of  soil in a known vol- 
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ume of water for a standard time period. 
By this means PRD is standardized; the 
possible influence of  soil microorganisms 
(4) and residual PRD in the soil (1,23) is 
removed. Furthermore,  the potency of  the 
diffusate collected from individual root sys- 
tems can be measured and compared. Data 
from hatching tests are affected by varia- 
tion in cyst contents (7) as well as variability 
in activity of  the PRD used (8). Further- 
more, Evans (6) and Turner  and Stone (24) 
noted that interpretation of  their data from 
pot plants may be dependent  upon the root  
weights of  the plants from which diffusate 
was collected. 

The  Solanum tuberosum L. cultivars Hud- 
son and Rosa used in these experiments 
have resistance to G. rostochiensis (Rol) con- 
ferred by the H1 gene (15,16). Under  field 
conditions they differ in their ability to re- 
duce nematode populations, Hudson being 
more efficient than Rosa (B. B. Brodie, un- 
publ.) On the basis of  haulm growth, Hud- 
son grows more vigorously than does Rosa 
(B. B. Brodie, R. L. Plaisted, unpubl.). I f  
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differences in haulm growth parallel dif- 
ferences in root  growth and, hence, hatch- 
ing activity of  PRD, this difference may 
help to explain the differences in the ef- 
fectiveness of  these cultivars in reducing 
G, rostochiensis population densities in soil. 
Therefore ,  if hatching activity of  PRD can 
be correlated to specific root  growth pa- 
rameters, it may be possible to breed plants 
with favorable characteristics. Our  objec- 
tive was to investigate the relationship be- 
tween potato root  system morphology and 
hatching factor activity in PRD produced 
by Hudson and Rosa. 

MATERIALS AND METHODS 

Plant husbandry: Uniformly sized, single 
eye seed pieces taken with a melon ballet 
from Hudson and Rosa tubers were treated 
with the fungicide mancozeb and planted 
in 10-cm-d pots containing sterile potting 
compost and sand (1:1) plus a slow release 
fertilizer. Plants were grown in a green- 
house maintained at a constant 20 C with 
supplemental lighting for a 12-hour pho- 
toperiod and were hand watered daily. 

Hatching tests: PRD was obtained by 
soaking individual root  systems that were 
free of  soil in 300 ml distilled water at 22 
C for 2 hours (3,9). The PRD was used 
immediately in a hatching test or frozen 
for later use. Twenty-five uniformly sized 
cysts (0.35-0.45 ram) with a mean viable 
egg content o f  468.1 + SE 12 were pre- 
soaked in distilled water for 1 week and 
then subjected to PRD for 3 weeks. Fresh 
PRD was provided weekly, and hatched ju- 
veniles that had emerged from cysts were 
counted on each occasion. Each PRD sam- 
ple was replicated five times. 

Root growth analysis." After  PRD collec- 
tion, root  systems were weighed and pre- 
served in FA 4:1 (21), and root  lengths, 
numbers of  root  tips, and root  diameters 
were determined. Root  lengths were mea- 
sured either by taking photocopies of  dis- 
played root  systems and using a cartogra- 
pher's map measurer (17) or, with larger 
root  systems, by a line intersect method 
(22). Numbers  of  root  tips were counted 
directly from root  systems displayed for 
root  length determinations. Root diameter 
was measured over the midpoints of  50 
roots using an eye piece micrometer and 
stage micrometer.  Assuming a cylindrical 

root shape, root volume was estimated from 
these figures using the equation V = ~-r2h 
(where h = root  length and r = mean root  
radius). 

Plant age and PRD production: Five plants 
of  each cultivar were harvested weekly af- 
ter plant emergence (AE) for 6 weeks, and 
PRD was obtained as described for hatch- 
ing tests. Shoot height and shoot and root  
fresh weights were recorded. Roots were 
then subjected to growth analysis. 

Site of PRD production: Main roots that 
had either few primary laterals (main) or 
many primary laterals (main w/laterals) 
were collected from 2-week-old Hudson 
and Rosa plants. After collection, 1.4 g 
(fresh weight) of  each type of  root  from 
each cultivar were soaked in 100 ml dis- 
tilled water for 2 hours. The  resulting dif- 
fusate was used in hatching tests. Roots 
from which diffusate was collected were 
then photocopied and parameters of  root  
morphology were recorded. 

RESULTS 

Plant age and PRD production: Percent- 
age of hatch of  encysted juveniles in- 
creased with time of  PRD collection, peak- 
ing in PRD collected from both Hudson 
and Rosa plants 3 weeks AE (Table 1). The  
amount of  hatch then decreased in PRD 
of  both cultivars until the end of  the test 
at 6 weeks AE. Hatch from cysts in water 
was 2.5% (11.7 eggs/cyst) over the same 
time period. Hudson PRD collected 2-6  
weeks AE stimulated greater hatch than 
did Rosa PRD when measured directly in 
terms of  percentage of  hatch or eggs per 
cyst. However,  when these figures were ad- 
justed for root weight, Hudson PRD was 
significantly (P = 0.05) more effective than 
Rosa PRD only at the time of  maximum 
hatch (i.e., 3 weeks AE) (Table 1). The  
relationship between root weight or  length 
and PRD production (measured in terms 
of hatch) was linear for both cultivars dur- 
ing the first 3 weeks AE but not later (Figs. 
1, 2). 

Hudson plants were significantly (P = 
0.05) taller and weighed more than Rosa 
plants from 2 weeks AE, but root fresh 
weights and total root  lengths were not 
significantly different (Table 2). At 1 week 
AE, Rosa plants were significantly (P = 
0.05) larger than Hudson. Rosa root  sys- 
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TABLE 1. Hatch  o f  Globodera rostochiensis in response to PRD collected f rom the pota to  cultivars Hudson  
and Rosa at weekly intervals after  plant emergence .  

Weeks after emergence 

Cuhivar 1 2 3 4 5 6 

Percentage of  hatch 
H udson  2 36 50 35 46 B 1 
Rosa 4 21 38 23 22 18 

LSD P = 0.05 NS 14 11 13 2 NS 
P = 0.01 7 

Eggs per  cyst 
Hudson  9 158 227 162 212 142 
Rosa 16 102 180 112 103 82 

LSD P = 0.05 NS NS 44 26 15 NS 
P = 0.01 34 

Eggs per  cyst per  g root  
Hudson  18 55 51 21 27 16 
Rosa 22 42 44 15 17 11 

LSD P = 0.05 NS NS 7 NS NS NS 

terns also had a greater number of  main 
and primary lateral roots throughout  the 
experimental period (Table 2). 

Site of PRD production: This hatching test 
was repeated with three separate collec- 
tions of PRD from Hudson and Rosa with 
similar results. Data on root characteristics 
of equivalent fresh weights of  Hudson and 
Rosa roots from one experiment are pre- 
sented here (Table 3). Compared with main 
roots with few laterals, main roots with 
many laterals, from both cultivars, had ap- 

proximately four times as many root tips 
and twice the root length from one-fourth 
as many main roots, or fewer. 

There  were no significant differences in 
percentage of  hatch, or hatch per cyst per 
g root, with PRD from either main roots 
with few laterals or main roots with many 
laterals (Table 4). However, when hatch 
was calculated in terms of root volume (eggs 
per cyst per cm ~ root), PRD from main 
roots with many laterals stimulated greater 
hatch than PRD from main roots with few 
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FIG. 2. R e l a t i o n s h i p  between hatch of  Globodera  
rostochiensis and root length as related to hatching 
activity of potato root diffusate. 0, Hudson; I ,  Rosa. 

Hudson y = 0.05x + 24.84 
Rosa y = 0.043x + 3.68 

laterals (Table  4) despi te  the  smal ler  r o o t  
vo lume  (Table  3). H u d s o n  P R D  s t imula ted  
m o r e  ha tch  than  Rosa P R D  even  t hough  
Rosa roots  o f  b o t h  types were  longer  and  
had  m o r e  p r i m a r y  laterals  (Table  3). How-  
ever ,  the  vo lume  o f  H u d s o n  roo ts  was 
g r e a t e r  (P = 0.05) than  the  vo lume  o f  Rosa  
roo ts  because  the  m e a n  roo t  d iamete r s  o f  
main  and  lateral  roo ts  were ,  respect ively,  
0.87 _+ 0.12 and  0.25 + 0.04 m m  for  H u d -  

son and  0.61 + 0.08 and  0.19 + 0.03 m m  
for  Rosa (+  s t andard  deviat ion).  

DISCUSSION 

PRD p r o d u c t i o n  appea r s  to be  associ- 
a ted  with the  vege ta t ive  phase  o f  p lant  
growth .  U n d e r  ou r  e x p e r i m e n t a l  condi-  
tions, ha tch ing  activity o f  P R D  p e a k e d  at 
3 weeks AE, du r ing  which t ime it was di- 
rect ly  co r re l a t ed  with roo t  weight  and  
length.  Af t e r  3 weeks, P R D  p r o d u c t i o n  de- 
clined. Low hatch  could be  re la ted  to e i ther  
a decl ine in p r o d u c t i o n  or  r e d u c e d  po t ency  
o f  the  ha tch ing  fac tor  in the  PRD.  Also, 
onset  o f  f lowering and  (or) t ube r  f o r m a -  
tion, and  the  subsequen t  change  to r ep ro -  
duct ive deve lopmen t ,  may  change  pho to -  
synthate  par t i t ioning which may  affect  P R D  
produc t ion .  Field data  (D. Raws thorne ,  un- 
publ.)  indicate  that  H u d s o n  remains  veg- 
e tat ive longer  than  does  Rosa (62 vs. 54 
days to 50% flowering).  A similar t ime  in- 
terval  was no ted  in the  t ime  t aken  to t ube r  
set. T h e  longer  vege ta t ive  g rowth  phase  
may  t h e r e f o r e  explain  why H u d s o n  pro-  
duced  a m o r e  active PRD for  a longer  t ime  
than  Rosa. Po ta toes  that  fai led to f lower 
when  g rown hydroponica l ly  p r o d u c e d  ac- 
tive diffusate for  m a n y  weeks (J. L. Riopel ,  
pers.  comm.) .  Widdowson  (25) ob ta ined  
similar results, bu t  on a different  t ime scale, 
because  o f  cul t ivar  and  (or) e n v i r o n m e n t a l  
differences.  

Specific d i f ferences  in the  ha tch ing  ac- 

TABLE 2. Shoot and root growth analysis of Hudson (H) and Rosa (R) potato plants. 

Weeks after emergence 

1 2 3 4 

Growth parameter H R H R H R H R 

Shoot ht (cm) 3.2 3.6 15.0 11.2 27.3 20.4 
LSD* 0.3 3.8 3.9 

Shoot fw (g) 0,21 0.24 2.81 1.29 4.94 3.61 
LSD 0.01 0.48 NS 

Root fw (g) 0,48 0.78 2.87 2.2 0.46 4.08 
LSD 0.25 NS NS 

Main roots (N) 8.4 15.4 9.4 16.8 12.8 20.0 
LSD 2.6 4.1 5.5 

Total root length (cm) 83 227 2,078 2,318 4,233 4,112 
LSD 53 NS NS 

Primary laterals (N) 24 108 672 1,199 1,064 1,346 
LSD 44 208 281 

30.2 21.3 
4.3 

7.65 4.77 
1.72 

7.63 7.69 
NS 

12.8 17.8 
2.8 

5,160 5,689 
NS 

1,200 1,397 
387 

* L S D  P = 0.05.  
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TAB~ 3. Root characteristics of equivalent weights 
of  1.4 g of main roots with few laterals and main roots 
with many laterals of  Hudson and Rosa potato plants. 

Hudson Rosa 

Main Main 
Main roots + Main roots + 

Character roots laterals roots laterals 

Main roots (N) 39 8 61 12 
Root tips (N) 86 400 159 435 
Main root length 

(cm) 356 95 493 164 
Lateral root  length 

(cm) 42 605 75 756 
Root volume (cm s) 2.1 0.8 1.5 0.7 
Specific gravity 0.7 1.7 1.0 2.2 

tivity of PRD produced by Hudson com- 
pared with Rosa occurred only at 3 weeks 
AE. Fenwick dilution curves (8) were not 
used to assess differences in activity of  PRD 
because of  problems with interpretation of  
results (19). Differences in root growth may 
account for differences in the ability of  the 
two cuhivars to reduce G. rostochiensis pop- 
ulation densities in the field. Our  data for 
root growth suggest that under  field con- 
ditions Rosa would have a shallower more 
fibrous root  system than Hudson, indicated 
by similar total root  lengths but  greater 
numbers of  laterals in Rosa. This differ- 
ence, coupled with the shorter vegetative 
growth phase of  Rosa, may account for the 
differences in activity of  PRD observed. 

No definite conclusions could be drawn 
from the results of  the study on the site of  
PRD production. PRD from similar weights 
of  roots with different numbers of  root  tips 
from either cuhivar did not differ in hatch 
stimulation, indicating that the number  of  
actively growing roots was not an impor- 
tant factor in hatching activity of  PRD. 
Similarly, root  length was not related to 

hatching activity of  PRD. Because of  the 
larger diameters of  main roots, the total 
root  volume of equivalent weights of  main 
roots was greater than main roots with 
many laterals for both cultivars. Hudson 
roots (both main and lateral) were thicker 
than Rosa roots; this may be related to 
hatching activity of PRD. I f  root volume 
is important, then all root  cells may be ca- 
pable of  producing active PRD. When 
hatch was corrected for root  volume, how- 
ever, main roots with many laterals stim- 
ulated greater hatch than main roots with 
few laterals, suggesting that a large num- 
ber  of  actively growing root  tips is impor- 
tant. Clearly, these conflicting data indi- 
cate that more precise investigations with 
PRD collected from isolated portions of  
roots will be required to determine exactly 
where and in what quantity active PRD is 
produced. We recognize that the two types 
of  roots collected may differ in physiolog- 
ical age and that when roots were cut from 
root systems open wounds and leakage of  
PRD probably occurred. Thus, where many 
main roots were used, there were many 
open wounds from which PRD could leak. 

Assuming that differences observed are 
valid, there may be a basic difference be- 
tween the root  cells of  Hudson and Rosa. 
Equivalent weights of  roots of  the two cul- 
tivars differed in volume. The  greater root  
volume of  Hudson suggests less dense cells, 
as indicated by root  specific gravity (Table 
3). Volume was determined, however, as- 
suming cylindrical roots; therefore, the fig- 
ures presented are not absolute values. The  
higher specific gravity of  lateral roots, 
compared with main roots, may be due to 
a greater structural material content. 

Screening for root  volume would be dif- 
ficult in a breeding program; therefore,  
root  weight is suggested as an alternative 

TABLE 4. Hatch of Globodera rostochiensis in response to potato root diffusate collected from main roots 
with few laterals and main roots with many laterals of  Hudson and Rosa plants. 

Hudson Rosa 

Main Main roots Main Main roots 
Hatch roots + laterals roots + laterals LSD 

Percentage of  hatch 47.9 44.4 38.4 37.2 8.9* 
Eggs per cyst per g root  157.7 145.8 126.2 122.3 57.2* 
Eggs per cyst per cm s root 105 255 118 244 40.0** 

*P=0.05;  **P=0.01.  
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f o r  e q u a t i n g  h a t c h i n g  t e s t  d a t a .  F u r t h e r -  
m o r e ,  r o o t  w e i g h t  c o u l d  b e  u s e d  t o g e t h e r  
wi th  o t h e r  r o o t  g r o w t h  c h a r a c t e r i s t i c s  (e.g. ,  
e x t e n t  o f  r o o t  g r o w t h  t h r o u g h  t h e  soi l  p r o -  
file) to  assess p o s s i b l e  e f f ic iency  o f  r e s i s t e n t  
c u l t i v a r s  in  r e d u c i n g  G. rostochiensis p o p u -  
l a t i o n  d e n s i t i e s  in  t h e  f ie ld .  

R e c e n t  r e p o r t s  o f  d e n s i t y  d e p e n d e n t  d e -  
c l ine  in p o p u l a t i o n s  o fG.  rostochiensis (12 ,18)  
c o u l d  b e  e x p l a i n e d  b y  n e m a t o d e  e f fec t s  o n  
r o o t  g r o w t h  a n d ,  h e n c e ,  ac t iv i ty  o f  P R D  
p r o d u c e d .  N e m a t o d e  i n v a s i o n  causes  ex -  
t e n s i v e  c h a n g e s  in  r o o t  m o r p h o l o g y ,  a n d  
r e p o r t s  o f  i n c r e a s e d  r o o t  w e i g h t  a n d  r o o t  
g r o w t h  in  r e s p o n s e  to  i n v a s i o n  b y  n e m a -  
t o d e s  a r e  c o m m o n  (2 ,10 ,20) .  F i e l d  g r o w t h  
o f  H u d s o n  a n d  R o s a  d u r i n g  t h e  f irst  4 weeks  
o f  g r o w t h  A E  in i n f e s t e d  soil  s h o w e d  sig- 
n i f i can t ly  g r e a t e r  r o o t  g r o w t h  ( r o o t  we igh t )  
c o m p a r e d  w i t h  n o n i n f e s t e d  r o o t s  (D.  
R a w s t h o r n e ,  u n p u b l . ) .  T h e  r e l a t i o n s h i p s  
a m o n g  a l t e r e d  r o o t  m o r p h o l o g y ,  h a t c h i n g  
ac t i v i t y  o f  P R D ,  a n d  d e n s i t y  d e p e n d e n t  d e -  
c l i ne  o f  G. rostochiensis p o p u l a t i o n s  n e e d  
f u r t h e r  i n v e s t i g a t i o n .  
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