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Movement of Potato Root Diffusate Through Soil

DEeNISE RAWSTHORNE AND B. B. BRODIE!

Abstract: Movement of potato root diffusate (PRD) through soil was examined by using the hatch
of eggs from Globodera rostochiensis cysts as an indicator. Porous bags containing cysts were placed
at increasing distances and depths from potato roots, whose growth was restricted by nylon mesh.
Significantly greater hatch was observed up to 50 cm laterally away from potato roots, compared
with hatch in fallow soil. Eight weeks after plant emergence, we detected a concentration gradient
of PRD, as measured by egg hatch, that decreased with increasing lateral and vertical distance from
the root zone. Egg hatch beyond 5 weeks after plant emergence was not attributed to PRD.
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Persistence in soil of the unknown factor
in potato root diffusate (PRD) that stimu-
lates hatch of Globodera rostochiensis has been
examined with conflicting results (1,3,7).
Although this factor is generally consid-
ered unstable in soil (1), it retains its activ-
ity in sterile solution (5) and is stable in
partially purified form (J. L. Riopel, pers.
comm.).

Four weeks after emergence of field-
grown susceptible and resistant potato
cultivars, we detected a decline in G. ros-
tochiensis population densities midway be-
tween potato rows that was significantly
greater than decline in fallow soil (4). The
absence of potato roots between rows in-
dicated considerable movement of PRD in
soil. To better understand movement of
PRD away from potato roots, we moni-
tored its movement under controlled con-
ditions using G. rostochiensis egg hatch as
an indicator.

MATERIALS AND METHODS

Wooden boxes (90 cm long X 30 cm
wide x 50 cm deep) were built with 5-cm
holes centered every 10 cm vertically and
horizontally along the sides (Fig. 1). Two
boxes were used for each of several hori-
zontal and vertical root restriction treat-
ments and two were left fallow. Root
growth was restricted by two layers of ny-
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lon mesh (130 um) stretched across rect-
angular wooden frames. Boxes were filled
with sterile potting compost (peat moss and
loam in unknown proportions) and nylon
bags (2 cm?, 250-um mesh) containing cysts
were implanted at appropriate intervals
(Fig. 1). To reduce edge effects, outermost
bags were placed 8 cm from the wooden
sides. Each bag contained 10 uniformly
sized (0.35-0.45 mm) G. rostochiensis cysts
(mean content of 347 viable eggs per cyst)
produced 3 months previously in pot cul-
ture on the susceptible potato cultivar Ka-
tahdin. Each bag was removed at sampling
with a nylon cord leading to the exterior
of the box. The holes in the boxes were
sealed with 5-cm rubber stoppers.

Uniformly sized and sprouted tuber
pieces of the susceptible potato cultivar Ka-
tahdin were planted in the nonfallow box-
es, and all boxes were placed on benches
in a greenhouse with supplemental illu-
mination. Soil temperature was main-
tained at 20 C. Equal amounts of water
were applied uniformly and daily to all
boxes, and a slow release fertilizer, Os-
mocote, was applied to the planted boxes.

Two replicate bags were removed from
each position at 2, 3, 4, 5, 6, and 8 weeks
after plant emergence (AE). Cysts were re-
moved from the bags and crushed, and the
number of viable eggs per cyst was deter-
mined.

REsuLTS

Plant emergence was 100% in all planted
boxes. Shoot growth was normal for po-
tatoes cultivated under greenhouse con-
ditions. Flowering occurred 25 days AE.
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Fic. 1. Diagrammatic representation of growth
boxes used, indicating positioning of bags containing
cysts, planting of tuber pieces, and root restriction
zones.

Roots that were restricted horizontally
reached the bottom of the boxes 10 days
AE and some lateral breakthrough was first
observed 11 days later. After the boxes
were dismantled 8 weeks AE, we observed
limited root growth between the frames
and box walls, and in all boxes many fine
lateral roots had penetrated the mesh, ex-
tending 3—4 cm past the barrier.

Hatch in the fallow boxes was not af-
fected by bag position. Fallow decline
steadily increased about 5% weekly, reach-
ing a2 maximum of 39.9% 8 weeks AE. To
estimate hatch caused by PRD alone, the
average decline of viable eggs per cyst each
week in fallow boxes was subtracted from
the amount of decline recorded in planted
boxes.

In boxes where vertical root growth was
restricted, downward movement of PRD

TasLE 1. Number of Globodera rostochiensis eggs
per cyst remaining at depths of 10, 20, and 30 cm
below vertically restricted potato root growth
throughout a 9-week growth period.

Weeks after emergence

Depth
(cm) 2 3 4 5 6 8
10 176 123 62 23 15 9
20 179 153 1656 53 19 12
30 199 157 1656 78 38 12
LSD (P=0.01) NS 249 285 27.0 85 2.6

Each value is the mean of 16 replicates.
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Fic. 2. Actual decline and decline due to PRD
alone of encysted Globodera rostochiensis eggs at 10, 20,
and 30 cm below a vertically restricted root zone
throughout the growth period.

to 30 cm, as indicated by decline in the
number of viable eggs per cyst, was de-
tected 2 weeks AE (Table 1, Fig. 2). The
number of eggs per cyst remaining at each
depth decreased with time but at a slower
rate with increased depth. Significantly
greater hatch occurred at all samplings be-
yond 3 weeks AE in cysts 10 cm below the
root zone than in those 20 and 30 cm deep.
Hatch 20 cm deep was significantly greater
than hatch 30 cm deep only at 6 weeks AE.
Over 95% hatch occurred at all depths 8
weeks AE. Hatch caused by PRD alone took
place during the first 5 weeks AE. Subse-
quent decreases in viable eggs per cyst was
caused by unstimulated hatch or egg mor-
tality (Fig. 2).

Lateral movement of PRD 50-70 cm
from the root zone was detected 6 weeks
AE (Fig. 3). Numbers of viable eggs per
cyst decreased with time, but this decrease
was less as distance from the root zone in-
creased. Movement of PRD also decreased
with depth but to a lesser extent after the
period of maximum hatch caused by PRD
alone (Fig. 2, Table 2). Maximum decrease
in viable eggs per cysts (95%) occurred
closest to the root zone at the top of the
box (position 1). The least decrease in vi-
able eggs (36%) occurred in cysts furthest
away from the root zone at the top of the
box (positions 10 and 11, Table 2, Fig. 1).
As observed for vertical PRD movement,
most hatch stimulation occurred within 5
weeks AE and subsequent decreases in vi-
able eggs per cyst was caused by unstimu-
lated hatch or egg mortality (Table 2).
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Fic. 3. Decline due to the effect of PRD alone of encysted Globodera rostochiensis eggs positioned at various
depths and distances away from a horizontally restricted root zone, 2 and 6 weeks after emergence.

Generally, lateral movement of PRD and 73.0% decline in viable eggs per cyst
throughout the box was uniform with depth 30 cm away from the root zone in boxes
but did not extend as far as did downard with vertical and horizontal root restric-
movement. Six weeks AE, there was 89.7% tion, respectively.

TasLE 2. Number of Globodera rostochiensis eggs per cyst remaining at various depths and distances away
from horizontally restricted potato root growth during a 9-week growth period.

Weeks after emergence

Distance  Depth

(cm) (cm) 2 3 4 5 6 8
10 0 157 161 134 42 36 18
30 175 216 141 26 32 23
50 192 185 108 39 39 20
30 0 215 262 157 69 94 86
30 251 254 179 114 96 73
50 253 276 192 142 96 84
50 0 274 231 219 142 133 128
30 328 242 225 192 154 138
50 263 278 237 195 164 174
70 0 300 253 238 233 214 196
30 275 247 247 228 212 198
50 259 306 271 227 196 169
F ratiost
Distance (Dis) 16.2%* 12,2%* 27.6%* 60.0%* 109.5%* 212.5%#
Depth (Dep) 0.9 4.0% 0.7 1.7 0.1 0.3
Dis x Dep 1.3 1.5 0.7 1.0 0.8 1.7

Each value within the table is the mean of four replicates.
1 F ratios are indicated as significant at *0.5% or **0.1%.



122 Journal of Nematology, Volume 19, No. 1, January 1987

Discussion

Vertical and lateral movement of PRD
occurred through the rooting medium, and
concentration gradients clearly existed as
indicated by egg hatch within cysts placed
at various distances from the root zone.
The decline in nematode populations pre-
viously observed midway between potato
rows in the absence of roots (4) can now
be explained in terms of PRD movement.
In this study, stimulation of hatch occurred
more than 50 cm away from the root zone.
Soil type, moisture content, aeration, and
temperature obviously influence PRD
movement, and further work is needed to
elucidate these effects. The influence of
soil microflora on the PRD breakdown in
soil also should be investigated.

Effective PRD is reported to be pro-
duced up to 9 weeks AE (6); therefore,
hatch stimulation by PRD more than 5
weeks AF is possible. However, hatch be-
yond levels achieved in fallow soil boxes
occurred only during the first 5 weeks AE.
Subsequent decline resulted from unstim-
ulated hatch or egg mortality. It could be
that PRD already present in the soil lost
its activity, and that the PRD being pro-
duced was not in sufficient concentrations
to stimulate further hatch. Alternatively,
all eggs within cysts that were capable of

hatching may have hatched within 5 weeks
and further decline may have been due to
mortality. Forrest and Farrer (2) discussed
differences in the abilities of G. pallida eggs
to hatch in response to PRD and catego-
rized eggs within single cysts of G. rosto-
chiensis by their hatching potential.
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