Effect of Age of Alfalfa Root on Penetration by
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TH. H. A. OLTHOF!

Abstract: Penetration by all migratory life stages of Pratylenchus penetrans into roots of
alfalfa (Medicago sativa L. cv. Du Puits) was inversely proportional to tissue age. Two-day-old
tissue in the root hair zone was penetrated twice as much as 10- or 20-day-old sections of the tap
root. Age-related differences were also observed in branch roots; these differences were not
affected by increasing the number of nematodes from 1 to 10 per inoculation site, nor by in-
creasing the length of the incubation period from 6 to 96 h. Age-related differences were only
significant with 3-wk-old plants, not with 2- and 1-wk-old seedlings. Nematodes entered roots at
temperatures from 5 to 30 C with maximum entry at 20 C and minimum at 5 C. At all tempera-
tures, except 5 C, penetration into young tissue (2 days) was significantly greater than into medium
(10 days) and old (20 days) tissue. Females and third-stage larvae entered the different-aged root
sections 122%, and 83%,, respectively, more than did males. Two-day-old seedlings of the alfalfa
cultivars Vernal, Saranac, and Du Puits were penetrated equally by P. penetrans. Perhaps the
inverse relationship between penetration and age of root is, in part, responsible for the increasing
resistance or tolerance of plants to nematode damage as they grow older. Key words: root-lesion

nematode.
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Nematode damage to plants often is in-
versely proportional to seedling age at time
of inoculation (1,2,7,10,11,16,17,19,20,21,
25). Some workers (10,11,21) attribute this
to rapid root growth that results in a de-
crease in nematode density in the infected
plant. Jaffee and Mai (10) speculated that
host physiological or anatomical changes
associated with maturation increased re-
sistance or tolerance in older plants or that
the deep roots in older plants are not in-
fected and may compensate for damaged
shallow roots. Ogbuyi (17) suggested that
resistance in mature plants might result
from thickening or suberization of cell
walls,

Adults and migratory larval stages of
P. penetrans are capable of penetrating all
parts of the host root (14,22,23). However,
it is not known what effect root age (stage
of development) has on the rate of penetra-
tion. The existence of host agerelated dif-
ferences in penetration could help explain
the increase in tolerance associated with
plant age.

This study was undertaken to (i) deter-
mine the effect of age of alfalfa root tissue
on penetration by different life stages of
P. penetrans and (ii) determine the influ-
ence of substratum used for growing roots,
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length of incubation time, and temperature
on agerelated differences in nematode
penetration.

MATERIALS AND METHODS

The nematode: The origin and method
of rearing P. penetrans has been reported
(18). Nematodes were extracted from heav-
ily infested corn (Zea mays L.) roots in a
mistifier and stored in water for periods
ofupto4wkathC.

Growth of alfalfa seedlings, nemaiode
inoculation and staining, and experimental
design: Alfalfa (Medicago sativa L. cv. Du
Puits) seeds were surface-sterilized for 30
min. in 37 N sulphuric acid, rinsed in sterile
cold water, germinated, and grown at 21 C
and 65 hlx in diSPo-pouches (Scientific
Products, AMSC, 1210 Leon Place, Evans-
ton, I1l.) moistened with Hoagland’s solu-
tion. One day prior to inoculation seedlings
were removed from the pouches and placed
on the surface of 1% water agar in a 140-
mm Petri dish. Some trimming of the top
and lateral roots was required to fit five
seedlings into a dish. Immediately before
inoculation, a drop of water (5-8 ul, ap-
plied with a 26-gauge needle attached to a
syringe) was placed on the agar next to the
tap root. One nematode was placed in the
water drop with a No. 1 root canal file and
the inoculated root segment covered with
about 50 mg of glass beads (approx. 125
pm in diam. delivered with a vibrating
spatula). After incubation at 21 G for 72 h



sections of inoculated roots were excised,
washed with water to remove the beads,
and immersed in boiling lactophenol for
approx. 30 s. The inoculated root seg-
ments were then stained in Poirrier Blue
(0.0005%) in cold lactophenol (8) for 5-7
days and examined under the microscope for
the presence of nematodes. In most experi-
ments, 10 Petri dishes (replicates), each
with five seedlings, were used per treatment.
Data were subjected to a split plot analysis
or X2 — test.

Rate of growth of alfalfa roots and
anatomical studies: Lengths of tap roots of
62 alfalfa seedlings, grown for 25 days in
pouches, were measured at regular inter-
vals and data plotted against time. Fresh
free-hand sections of different-aged parts of
tap roots were mounted in lactophenol on
microscope slides and diameters of root and
stele determined with an image-splitting
eyepiece.

Effect of alfalfa culiivar, substratum,
lateral root sites, and inoculum density: To
determine the effect of alfalfa cultivar on
penetration, 2-day-old seedlings of the cul-
tivars Du Puits, Vernal, and Saranac, grown
on agar, were inoculated in the root-hair
zone with 1 @ P. penetrans/root and incu-
bated for 96 h. To determine whether per-
centage penetration of seedlings grown in
paper pouches differed from those grown
on water agar, 2-day-old Du Puits seedlings
grown on either substratum were inocu-
lated with 1 ¢ P. penetrans/root and pene-
tration determined after 96 h of incubation.
To study the effect of soil as a substratum,
alfalfa was grown for 3 wk in Vineland
loam in the greenhouse. After careful wash-
ing, the root systems were placed on agar
and young, medium, and old root segments
of each tap root inoculated with 1 ¢ P.
penetrans/segment.

To compare penetration into different-
aged segments of lateral and tap roots, al-
falfa seedlings were grown for 3 wk in
pouches, then placed on a layer of water
agar in plastic boxes of 25 X 30 cm. Tip
(young) and midregion (medium) seg-
ments of either root type were inoculated
with 1 ¢ P. penetrans/segment. To deter-
mine the effect of inoculum density, young,
medium, and old root segments of 3-wk-old
pouch-grown seedlings were inoculated
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with 10 @ P. penetrans/segment.

Age of seedling and penetration: To
further define the effect of seedling age,
alfalfa seedlings were grown either in
pouches or on water agar for periods of 3,
2, and 1 wk and placed on the surface of
agar. Each tap root was then inoculated
near the tip (young), in the middle (me-
dium), and near the crown (old) with 1 2
P. penetrans [segment.

Effect of incubation period, tempera-
ture, and life stage: Young, medium, and
old root segments of 3-wk-old pouch-grown
alfalfa seedlings were each inoculated with
1 @ P. penetrans and incubated for 6, 12,
24, 36, 48, 72, and 96 h. Similarly grown
and inoculated seedlings were incubated
for 72 h at 5, 10, 15, 20, 25, and 30 C. To
determine the effect of nematode life stage
and sex, young, medium, and old root seg-
ments of 3-wk-old pouch-grown seedlings
were each inoculated with a single speci-
men of females, males, or third-stage larvae
and incubated for 72 h at 21 C.

RESULTS

Rate of growth of alfalfa roots and
anatomical studies: Alfalfa tap roots in-
creased in length at an exponential rate,
but growth in pouches ceased after 20 days
(Fig. 1). Measurements of cross-sections of
roots which were 2 days (young), 10 days
(medium), and 20 days (old) showed that the
proportion of the area occupied by the cor-
tex was much higher (P = 0.05) in the
young root segments than in medium and
old segments (Table 1).

Effect of alfalfa cultivar, substratum,
lateral root sites, and inoculum density: No
differences in percentage penetration of P.
penetrans into the alfalfa cultivars Du Puits
(66 %), Vernal (62%), and Saranac (64%)
were observed. Similarly, percentage pene-
tration of seedlings grown in paper pouches
(52%) was not statistically different from
that of seedlings reared on water agar
(66 %). With soil-grown seedlings, penetra-
tion of young tissue (42%) was highest but
did not differ statistically from that of me-
dium (30%) or old root tissue (28%).
Entry of the tip (35%) and mid-region of
lateral roots (28%) did not differ (P =
0.05) from penetration of similar sites on
the tap root (respectively, 44% and 28%).
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Table 1. Comparison of alfalfa root tissue of different ages.

Root Diameter Diameter Area of
age of of Area of Area of Area of cortex
(days) root (u) stele (z) root (u?) stele (u?) cortex (p?) (9%, of total)
Young 334 a% 106 a 87,600 a 8,800a 78,800 a 90a
@
Medium 506 b 300 b 201,100 b 70,700 b 130,400 b 64b
(10)
oud 684 c 412¢ 367,500 ¢ 133,300 ¢ 234,200 ¢ 64b
(20)

*Means in columns followed by different letters differ significantly at the 5%, level according to the

Student-Neuman-Keuls multiple-range test.

With 10 @ P. penetrans/segment, per-
centage penetration of the young tissue
(52%) was similar to that where only one
nematode/segment was used, about twice
that of medium (22%) or old (27%) root
tissue (P = 0.05).

Age of seedlings and penetration: With
3-wk-old pouch-grown seedlings, penetra-
tion into the young root tissue (1 day) was
about twice that in medium (10 day) or old
(20 day) root segments; respectively, 60%,
23%, and 33% (P = 0.01). With agar-
reared 3-wk-old seedlings similar results
were obtained; i.e., 47% penetration into
young tissue, 16% into medium, and 21%
into old root segments. With 2- and 1-wk-
old seedlings, whether pouch- or agar-
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Fig. 1. Length of tap roots of alfalfa cv. Du Puits
grown in pouches moistened with Hoagland’s solu-
tion at 21 C and 65 hlx for 23 days. Mean of 62
plants.

reared, where inoculated root segments
were, respectively, 1, 6, or 18 days and 1, 8,
or 6 days old, agerelated differences were
no longer significant (Fig. 2A).

Effect of incubation period, tempera-
ture, and life stage: Penetration of nema-
todes into young root tissue increased from
34% after 6 h to 64% after 48 h of incuba-
tion (Fig. 2B). These increases were sig-
nificantly (P = 0.05) greater than the 20%
and 38% observed for medium-aged root
tissue and the 14% and 40% for old root
segments. No increase in penetration was
observed between 48 h and 96 h of incu-
bation although the difference between
young vs. medium and old root tissue re-
mained significant (P = 0.05). Nematodes
entered different-aged root segments at tem-
peratures from 5 C to 30 C (Fig. 2C). With
both young and old tissue, penetration
peaked at 20 C (P = 0.05); with medium-
aged tissue, penetration did not vary much
at 10 C through 30 C. At all temperatures,
except at 5 C, penetration into youngest
tissue was significantly (P = 0.05) greater
than into medium and old root segments.
All life stages penetrated young root tissue
significantly (P = 0.01) better than medium-
aged or old root segments (Fig. 2D). Pene-
tration into the three different-aged root
segments averaged 61% for females, 50%
for third-stage larvae, and 27% for males
(P = 0.01).

DISCUSSION

This study has shown that penetration
by P. penelrans was inversely proportional
to the age of alfalfa root tissue regardless of
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Fig. 2. Percentage penetration into young (2 days), medium (10 days), and old (20 days) sections of alfalfa
cv. Du Puits root by one P. penetrans per section. A) Effect of age of pouch-grown (P) and agar-grown (A)
seedlings. B) Effect of length of incubation period. C) Effect of temperature. D) Effect of life stage and
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whether seedlings were grown in paper
pouches or on agar. A similar trend was
observed with seedlings grown in natural
soil. As found by other workers (3,4,6,23),
the greatest number of P. penetrans pene-
trated near the root tip.

Klinkenberg (18) showed that penetra-
tion of several hosts by P. peneirans was
not affected by surface sterilizing the nema-
todes and seedlings; thus, no attempt was
made to conduct the present experiments
under asepsis. The percentage penetration
of P. penctrans into young root tissue agrees
with that found by other workers (12,23).
Differences in percentage penetration of
tissue of comparable age between the dif-
ferent experiments are probably due to
slight differences in materials and methods.

With both pouch- and agar-grown al-
falfa seedlings, significant age-related dif-
ferences were noted only in 3-wk-old seed-
lings. Apparently, resistance in root tissue

to penetration by P. penetrans is negligible
in roots of 2 wk or less in age. This agrees
with observations made by Jaffee and Mai
(10) on apple seedlings.

Young root sections of branch roots, re-
gardless of point of origin, were penetrated
at the same high percentage relative to me-
dium and old tissue as young root parts of
the tap root. Although occasionally nema-
todes were observed to penetrate near rup-
tures of the cortex by branch roots, no con-
sistent relation was found between penetra-
tion and branch root initials. This agrees
with Turner and Chapman (24).

Increasing the inoculum density from 1
Q P. penetrans to 10 per segment did not
affect the percentage penetration in young
roots relative to older tissue. With these
numbers there apparently was no competi-
tion for entry sites (23).

Townshend (23) noted a positive cor-
relation between rate of penetration and
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time. Although a similar correlation was
found in the present study, at least during
the first 48 h, there was no evidence that
penetration into medium or old root sec-
tions would eventually equal that of young
tissue. It appears that nearly all penetra-
tion, at least by females, occurs within 2
days.

The influence of temperature on the
penetration of P. penetrans followed closely
the pattern observed by Townshend (23).
At all temperatures tested, except at 5 G,
penetration into youngest tissue was sig-
nificantly higher than into medium or old
root tissue. Penetration into root sections of
different age at 5 C was too low for any dif-
ferences to be discernible.

In this study, females of P. peneirans
were significantly more infective than of
larvae or males; this was previously found
by other workers (12,15,22,23). Town_shend
(23) attributed the superior penetration of
females to the size of the gland in the pos-
terior subventral lobe, whereas Klinken-
berg (14) felt that the stylet of the newly-
hatched larvae was still too weak to pene-
trate the cell walls. Neither proposed mech-
anism appears to give any life stage an ad-
vantage with regards to penetration of
different-aged root tissue as all life stages
penetrated young root sections better than
older tissue.

Why young root tissue is penetrated
better than old tissue remains to be investi-
gated. Hollis (9) theorized that plant dam-
age is related to diameter of roots attacked.
However, in this study, even though the
percentage area of the cortex of young root
was 40% greater than that of older roots,
the volume of cortex in all three different-
aged root sections was ample to accom-
modate the presence of nematodes. For ex-
ample, even in the young roots with the
smallest absolute area of cortex (78,800 y2?),
there was, theoretically, space for more than
100 nematodes which usually lie more or
less parallel to the stele. In alfalfa the ex-
pansion of the vascular cylinder by sec-
ondary growth causes the rupture and
sloughing of the cortex (5). It is likely that
as the cortex degenerates in maturing roots,
penetration becomes more difficult. Sim-
ilarly, biochemical and nutritional changes
may render the cortex less favourable for

nematode colonization (23).

This study has shown that penetration
decreases with increase in age of the root
tissue. This closely parallels the phenom-
enon of increased resistance or tolerance of
plants to nematode damage as the plant
becomes older. Conceivably, the latter phe-
nomenon could be explained, at least par-
tially, by the greater proportion of old root
tissue to young root tissue with increased
age. This study therefore emphasizes the
importance of control of P. penetrans dur-
ing the early phase of seedling development
and suggests control through increasing
plant tolerance by early seeding or the use
of large transplants with some crops.

LITERATURE CITED

1. Bergeson, G. B. 1968. Evaluation of factors
contributing to the pathogenicity of Meloidogyne
incognita. Phytopathology 58:49-53.

2. Brodie, B. B., and P. D. Dukes. 1972. The re-
lationship between tobacco yield and time of infec-
tion with Meloidogyne javanica. J. Nematol. 4:80-83,

3. Chen, T., R. A. Kilpatrick, and A. V. Rich.
1961. Sterile culture techniques as tools in plant
nematology research. Phytopathology 51:799-800.

4. Disanzo, C. P. 1973. Nematode responses to
carbofuran. J. Nematol. 5:22-27,

5. Esau, K. 1953. Plant anatomy. New York:
John Wiley and Sons.

6. Freckman, D. W., and R. A. Chapman. 1972,
Infection of red clover seedlings by Heterodera
trifolii Goffart and Pratylenchus penetrans (Cobb.).
J- Nematol. 4:23-28.

7. Griffin, G. D., and O. J. Hunt. 1972. Effect of
plant age on resistance of alfalfa to Meloidogyne
hapla. J. Nematol. 4:87-90.

8. De Guiran, G. 1966. Coloration des nematodes
dans les tissues vegetaux par le bleu coton a froid.
Nematologica 12:646-647.

9. Hollis, J. P. 1963. Action of plant-parasitic
nematodes on their hosts. Nematologica 9:475-494.

10. Jaffee, B. A., and W. F. Mai. 1979. Growth
reduction of apple seedlings by Pratylenchus pene-
trans as influenced by seedling age at inoculation.
J. Nematol. 11:161-165.

1. Jorgenson, E. C., and J. R. Musselman. 1966.
Influence of seedling age on susceptibility of sugar
beet to Heterodera schachtii. Phytopathology 56:
883-884 (Abstr.).

12. Klinkenberg, C. H. 1962. Verschil in aantast-
ing van prei door ¢ 9, 4 & en larven van Pratylen-
chus penetrans, Jaarversl. Inst. Plziektenk. Onderz.
Wageningen, pp. 115-116.

13. Klinkenberg, C. H. 1963. Binnendringen en
vermeerdering van Pratylenchus penetrans in een
aantal plantesoorten., Jaarversl. Inst. Plziektenk.
Onderz. Wageningen, pp. 103-104.

14. Klinkenberg, C. H. 1964. Reacties van
planten op aantasting door Pratylenchus penetrans
en het gedrag van de aaltjes in deze planten.



Jaarversl. Inst. Plziektenk. Onderz. Wageningen, pp.
110-111.

15. Mamiya, Y. 1971. Effect of temperature on
the life cycle of Pratylenchus penetrans on
Cryptomeria seedlings and observations on its re-
production. Nematologica 17:82-92.

16. McClure, M. A,, K. C. Ellis, and E. L. Nigh.
1974. Resistance of cotton to the root-knot nema-
tode, Meloidogyne incognita. J. Nematol. 6:17-20.

17. Ogbuyi, R. 0. 1976. Influence of host age of
four crop plants on infectiveness of Meloidogyne
arenaria in Nigeria. Plant Dis. Rept. 60:759-761.

18. Olthof, Th. H. A. 1979. Effects of Pratylen-
chus penetrans and Meloidogyne hapla on potential
crops for the tobacco-growing areas of southwestern
Ontario. Can. J. Plant Sci. 59:1117-1121.

19. Polychronopoulos, A. G., and B. F, Lowns-
bery. 1968. Effect of Heterodera schachtii on sugar
beet seedlings under monoxenic conditions. Nema-
tologica 14:526-534.

Root Age and Penetration: Olthof 105

20. Seinhorst, J. W. 1971, Schade door Pratylen-
chus penetrans aan appel en vermeerdering van dit
aaltje. Jaarversl. Inst. Plziektenk. Onderz. Wagen-
ingen, pp. 114-115.

21. Seinhorst, J. W, and J. Kozlowska. 1977.
Damage to carrots by Rotylenchus uniformis, with
a discussion on the cause of increase of tolerance
during the development of the plant. Nematologica
23:1-23.

22. Sontirat, 8., and R. A. Chapman. 1970. Pene-
tration of alfalfa roots by different stages of Praty-
lenchus penetrans (Cobb). J. Nematol. 2:270-271.

23. Townshend, J. L. 1978, Infectivity of Praty-
lenchus penetrans on alfalfa. J. Nematol. 10:318-323.

24. Turner, D. R,, and R. A. Chapman. 1972.
Infection of seedlings of alfalfa and red clover by
concomitant populations of Meloidogyne incognita
and Pratylenchus penetrans. J. Nematol. 4:280-286.

25. Wong, T. K., and W. F. Mai. 1973. Patho-
genicity of Meloidogyne hapla to lettuce as affected
by inoculum level, plant age at inoculation and
temperature. J. Nematol, 5:126-129.



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

