Effects of Temperature on the Fine-Structural Responses
in The Hypocotyl Region of Alfalfa Lines to Ditylenchus dipsaci’
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Abstract: Fine-structural analyses were made of the response of host tissue, Medicago sativa L. ‘Ranger’ and
‘Lahontan’, to infection by the stem nematode, Dityienchus dipsaci(Kiihn) Filipjev. Seedlings were grown at 15 and
25 C, and hypocotyl regions were sampled 1, 3, or 7 days after inoculation. Electron micrographs of infected alfalfa
tissue indicated that the same types of damage were inflicted on Lahontan (stem-nematode-tolerant) and Ranger
(stem-nematode-susceptible). Only the infection rate and degree of damage differed between lines and
temperatures, with the greater injury occurring at the higher temperatures. After 3 and 7 days of infection, the
symptoms observed were: swollen and broken endoplasmic reticulum (ER}), distended and broken chloroplasts, loss
of nuclear material, and bulging and rupturing of nuclear envelopes. Cells with infected cytoplasm contained more
ER, ribosomes, vesicles, and Golgi apparatuses, suggesting increased metabolic activities. Lobing nuclei were
observed in all samples. Lipid contents varied with temperature in 1-day-old seedlings. At 15 and 25 C, electron-
dense substrances were commonly found along the tonoplast, and on the cell wall. Also, some cells with enlarged
ER were noted in the noninfected controls at these temperatures. Key Words: electron microscopy, host-parasite

interactions.

The degree of mobility of, and the damage
caused by, plant-parasitic nematodes are
functions of temperature at the time of
infectivity (2, 6, 9, 10, 11, 18, 20, 23, 24).
Hanna and Hawn (11) found fewer nematodes
invading tolerant Lahontan alfalfa than the
susceptible cultivar Grimm at 15.5 C. Griffin
(9) reported D. dipsaci (Kiihn) Filipjev
penetrated resistant and susceptible alfalfa at
temperatures between 5 and 30 C, with
maximum infection at 20 C. Ranger alfalfa
was susceptible at temperatures from 10 to 30
C, but the susceptibility of Lahontan alfalfa
increased slightly as the temperature
increased from 5 to 20, and increased sharply
between 25 and 30 C. Moreover, he noted no
relationship between numbers of invading
nematodes and host response, whether the
alfalfa was susceptible or resistant.
Grundbacher and Stanford (10) also noted
differing degrees of susceptibility as the
temperature increased. They observed that
Lahontan alfalfa was less resistant to D.
dipsaci at 15.5 and 21 C, than at 11 C.
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Using the electron microscope, Changet al.
(7) observed that at 20 C Lahontan and
Ranger alfalfas sustained the same kind of
damage after stem nematode infection.
Organelles showing injury were ER,
chloroplast, and nucleus. Increased ER and
proliferation of cytoplasm in host tissue of
tomato (14), broad bean (12), soybean (8) and
red clover (3) also have been observed after
nematode infection. Physiological
relationships between the nematodes and the
observed alterations in fine structure are not
well understood. Moreover, little information
is available concerning the fine structural
changes that occur in alfalfa infected with D.
dipsaci. The present study was undertaken in
an attempt to determine if there are detectable
differences in the responses of Lahontan
(stem-nematode-tolerant) and Ranger (stem-
nematode-susceptible) alfalfas to
temperature; if temperature affects the
expression of nematode-induced host
responses; and whether changes can be
detected in Lahontan that might account for
its lessened tolerance to stem nematode
attacks with increased temperature.

MATERIALS AND METHODS

Alfalfa, Medicago sativa L., seedlings,
‘Lahontan’ (stem-nematode-tolerant) and
‘Ranger’ (stem-nematode-susceptible),
inoculated with 0 or 20 stem nematodes,
Ditylenchus dipsaci (Kihn) Filipjev, were
grown as described in detail earlier (7).
Seedlings were placed in growth chambers at
15 or 25 C, with 16 h of light at about 32,290
lux. Samples were harvested at 1-, 3-, or 7-day
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intervals, and were prepared for electron
microscopy as described previously (7).

OBSERVATIONS

Alfalfa seedling growth was directly
influenced by temperature (Fig. 1-A, 1-B, -
C). No visible symptoms of nematode
infection, however, were observed at either
temperature in Ranger or Lahontan 1 day
after inoculation. Three days after planting,
swollen hypocotyls were found at 25 Cin both
cultivars (Fig. 1-B). Visible symptoms were
observed in 7-day-old seedlings at both 15and
25 C (Fig. 1-C). After 7 days at 15 and 25 C,
the infection rate of the hypocotyl was much
higher in Ranger, 92% and 100%, than in
Lahontan, 18% and 72%, respectively. In the
hypocotyl region, the nematode infection was
found only in the cortical region (Fig. 2-A, 2~
B).

15 C: The number of lipid bodies in 1-day-
old noninfected plants was higher than those
in infected plants of both Ranger and
Lahontan. Also at 15 C, more electron-dense
substances (EDS) were present continuously
along the tonoplasts (Fig. 3-A), in a semi-
continuous manner on the side of the cell wall
facing the intercellular space (Fig. 3-B), or
became separate spots distributed along the
cell walls (Fig. 3-C) than were observed at the
higher temperature. EDS were found in all
samples. Swollen ER was observed in both
lines at all ages (Fig. 3-D).

In general, the degree of damage in both
Ranger and Lahontan to stem nematode
infection at 15 C was less than that observed at
the higher temperature. Chloroplasts, cell-
walls, mitochondria, and nuclei appeared to
be normal in l1-day-old tissues. Some Golgi
apparatuses could be observed in all samples.

In 3-day-old seedlings, ER in the infected
areas was slightly swollen and numerous
vesicles were present in the cytoplasm (Fig. 3-
E). At the infection sites, the chloroplasts and
nuclei showed similar responses, such as
broken chloroplasts, as well as bulging and
rupturing of nuclear envelopes in both
cultivars (Fig. 3-F). At this stage, usually,
most chloroplasts near the infection sites were
free of damage (Fig. 4-A). Cell walls and
mitochondria were normal in all treatments.
Fewer lipid bodies were observed in 3-day-old
samples than in 1-day-old samples. No change
in Golgi apparatus could be found.

Seven days after inoculation, actively
secreting Golgi apparatuses and Golgi vesicles
were found in infected cytoplasm (Fig. 4-B).
Swelling of ER was found in both control and
treated plants (Fig. 4-C, 4-D). Few swollen
chloroplasts were noted in infected tissues
(Fig. 4-D). The infected nuclei were less dense
than the control (Fig. 4-C, 4-D). Cell walls
and mitochondria were normal in all
treatments. Also, the phytoferritin complexes
contained in the chloroplasts were found not
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FIG. I{A to C). A) One-day-old Ranger (R) and
Lahontan (L)alfalfa seedlings exposed to 15Sand 25 Cand
nematodes.B) Three-day-old seedlings after similar
treatment. Note the slight swelling in the cotyledonary
node region. C) Seven-day-old seedlings after similar
treatment. Visible swelling of the nodal tissue is noted in
both cultivars at both temperatures.
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ABBREVIATIONS ON FIGURES

C = Chloroplast GV = Golgi vesicles PD = Plasmodesma
CE = Chloroplast envelope ICS = Intercellular space PG = Plastoglobuli
CR = Cortical region LB = Lipid bodies PH = Phytoferritin
CwW = Cell wall M = Mitochondria S = Stroma

D = Dictyosomes N = Nucleus SG = Starch grain
EDS = Electron-dense substances NE = Nuclear envelope T = Tonoplast

ER = Endoplasmic reticulum NM = Nematode VA = Vacuole

G = Grana NU = Nucleolus VB = Vascular bundle
GA = Golgi apparatus

FIG. 2-(A, B). A) Cross-section of hypocoty! region of control Ranger alfalfa seedling grown at 25 C. B) Cross-
section of hypocotyl region of nematode infected Ranger alfalfa seedling grown at 25 C. Note the infection is only in the
cortical region.

FIG. 3-(A to F). A) Continuous electron-dense substances (EDS) along the tonoplast in 1-day-old Ranger alfalfa
seedlings grown at 15 C; B) Semi-continuous EDS on one side of the cell wall facing the intercellular space in 7-day-old
Ranger alfalfa seedlings grown at 15 C; C) Separate EDS distributed along the cell wall in 7-day-old Ranger alfalfa
seedlings grown at 15 C; D) Seven-day-old Lahontan alfalfa control plant at 15 C. Typical swollen endoplasmic
reticulum (ERY) in the cytoplasm could be found in all alfalfa seedlings grown at 15 C: E) Cell adjacent to nematode
infection site in 1-day-old Lahontan alfalfa plant at 15 C. Note the ‘normal’ chloroplast with phytoferritin. the swollen
and broken ER, and the numerous vesicles in the cytoplasm; F) Three-day-old heavily infected cell of Ranger alfalfa
plant at 15 C. Note damaged chloroplasts. swollen ER, and a nucleus with bulging nuclear envelope.

FIG. 4-(A to F). A) Three-day-old nematode infected Lahontan alfalfa plant at 15 C, showing nematode and host
tissue which contained normal chloroplasts and cell wall; B) Seven-day-old nematode infected Lahontan alfalfa plant
at |5 C, Note the Golgi apparatus and numerous Golgi vesicles; C) Seven-day-old control Lahontan alfalfa plantat 15
C with slight dilation of the ER and normal organellar structure; D) Seven-day-old Lahontan alfalfa plant heavily
infected with nematodes at 15 C; E) One-day-old Ranger alfalfa infected plant at 25 C, with partially swollen nuclear
envelope. Note also the EDS along the cell wall and plasmalemma interface; F) One-day-olg severely infected Ranger
alfalfa plant at 25 C. Note the intermittent dilation of the entire nuclear envelope.

FIG. 5(A to E). A) One-day-old Ranger alfalfa plant infected with nematodes at 25 C. Note the swollen
endoplasmic reticutum; B) One-day-old control Ranger alfalfa plant at 25 C; C) Three-day-old severely infected Ranger
alfalfa plant at 25 C with swollen and disrupted chloroplasts and vesiculation; D) Seven-day-old Ranger alfalfa plant
heavily infected with nematodes at 25 C. Note damaged and swollen mitochondria and completely disrupted
chloroplasts; E) Cells from the vascular region of a 7-day-old Ranger plant at 25 C.
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to be affected by nematode infection (Fig. 3-E,
3-F). Few lipid bodies were seen in any 7-day-
old samples.

25 C: With few exceptions, the damage
responses were similar in the two lines. One
striking effect of the higher temperature was
the partial to all-round heavily swollen

nuclear envelope (NE) in I-day-old
nematode-infected Ranger seedlings (Fig. 4-

E, 4-F). Also numerous plasmodesmata were
present (Fig. 4-F). These symptoms were not
observed in infected Lahontan plants at this
temperature.

Swollen ER in sausage-like chains was
observed in many cells of infected 1-day-old
Ranger seedlings, and in some cells on non-
infected control plants (Fig. 5-A, 5-B).
Configuration of the swollen ER was similar



to that of nuclear envelopes. In l-day-old
Lahontan, swollen ER was also noted.

Separate and continuous EDS, similar to
those found at 15 C, were also observed on the
cell walls and tonoplasts in all treatment
groups at 25 C (Fig. 4-E, 4-F, 5-B).

More Golgi apparatuses and Golgi vesicles
were noted in all treatments at 25 C thanat 15
C. Lipid content was higher in Lahontan than
Ranger in l-day-old samples at 25 C.
Chloroplasts, cell walls, and mitochondria,
however, were normal.

Three days after planting, infected tissues
exhibited some responses of swollen
chloroplasts in both lines. At this stage,
mitochondria, cell wall, and even nuclear
envelopes, appeared to be normal. Also, only
a few lipid bodies were noted.

Seven days after inoculation, round and
partially broken or completely disrupted
chloroplasts and swollen ER were noted in the
infected group at 25 C (Fig. 5-C, 5-D). Other
organelles were about the same as those
observed at 15 C. Vascular bundle cells were
not affected by the nematode infection at
either temperature (Fig. 5-E). These cells were
much smaller than the cortical cells.

DISCUSSION

This study illustrates the response of alfalfa
hypocotyl tissue to stem nematode invasion at
two different temperatures. These data
indicated an increase in stem nematode
infectivity with an increase in temperature,
namely from 18 to 72% in Lahontanand 92 to
100% in Ranger at 15 and 25 C, respectively.
In this respect, these data agree with earlier
studies (3, 9, 10, 15). These workers indicated
that nematodes invaded and then left resistant
plants, whereas they tended to remain in
susceptible ones. The reduction in infectivity
may also be related to the hypersensitivity of
resistance of tolerant plants; i.e., cell walls
collapse and wall-off the invading organism
(3, 16, 17).

These observations in infected seedlings
also indicated that the degree of damage
sustained by both Ranger and Lahontan
because of D. dipsaciinfections was less at 15
C than at 25 C. Lahontan alfalfa has been
regarded as tolerant to nematode infection,
therefore, fewer damage responses were
expected. In a very few cases, however, when
the cell was heavily infected, the infection
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responses at the fine-structural level were the
same as those in Ranger; i.e., ER became
swollen in sausage-like chains, numerous
vesicles formed, chloroplasts swelled, and the
outer membranes of the chloroplasts
ruptured. One important feature about
Lahontan, even at the infection site, was that
the cell wall remained unchanged at both
temperatures. It has been speculated by
Bingefors (3, 4, 5), and Seinhorst (21) that
differences in the chemical composition of the
middle lamellae may account for the
resistance. Chang et al. (7), however, using
cytochemical techniques could detect no
differences in the middle lamellae of infected
and noninfected plants. Also, Albersheim et
al. (1) considered pathogenesis by bacteria or
fungi to be an interaction between the
pathogen and the carbohydrates of the host.
Such observations suggest a differential
chemical composition in host cell walls, which
may be the functional system in nematode-
plant host relationships.

Moreover, in this study, electron-dense
substances (EDS) were found to be present
quite often on the cell walls and tonoplasts in
all treatments. Chang et al. (7) observed
similar EDS in only a few instances when
alfalfa plants were grown at 20 C. Also, few, if
any changes were observed in cell walls upon
nematode infection. Further studies on the
nature of EDS, and the differences in
chemical composition of cell walls of
Lahontan and Ranger, and how these may
relate to nematode infections at different
temperatures should be conducted.

At 25 C, heavily swollen NE in 1-day-old
infected Ranger was observed. These
symptoms were also observed in areas far
removed from the invading nematodes,
suggesting that a secretion was emitted by the
invading nematodes.

In 3-day-old samples, no swollen NE were
found in either lines. Whether the swollen NE
recover from the damage, or break into pieces
such as swollen ER is not known,

Swollen ER was observed in both Ranger
and Lahontan at all ages and all treatments in
plants grown at 15 C and 25 C. Whether the
swollen ER was caused by an unfavorable
osmolarity of the fixing solution, the cool (15
C) or high (25 C) temperature, or nematode
infection needs further clarification. Any
abnormal environmental condition might be
able to cause the swelling of ER.

Based on the electron micrographs only, it
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seems the number of lipid bodies varied with
temperature and within the alfalfa lines. Since
the number of lipid bodies was reported to be
associated with the resistance of soybeans (22)
to nematode infection, further investigations
are being made in this area.

These results also show that chloroplasts in
both infected and noninfected plants of all
ages contained phytoferritin complexes; also
the apparent normal mitochondria in all
treatments indicated that the nematode
infection had no effect on them.

It has been shown that cells from infected
plants grown at 25 C contained more Golgi
apparatuses and Golgi vesicles than those
grown at 15 C. Nematode-infected cells are
metabolically active (14). Morphologically,
the hypocotyls of 25 C treated seedlings were
much bigger than the controls and those
treated at 15 or 20 C (7). Thus, it is logical to
find more actively secreting Golgi apparatus
and vesicles, because this organelle is known
to participate in cell-wall formation (13, 19).

While the degree of damage was lower in
Lahontan than in Ranger, the type of damage
was similar in both lines. Moreover, less
damage was observed in both lines at the
lower temperature. In this study, swollen ER
and lobing nuclei were observed in all
samples. Also, the cell walls did not show any
change in either treatment group. Electron-
dense substances are found more often at
these two temperatures than those reported in
20 C (7). Although this study did not answer
the question why Lahontan is less tolerant to
stem nematode attacks with increased
temperatures, the results indicate the need for
correlative biochemical studies.
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