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Abstract
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The migration of infective larvae of nematodes of the genera Haemonchus, Ostertagia,
Trichostrongylus and Chabertia on herbage in the soil was studied under laboratory
conditions on three artificially seeded grass plots with different methods of irrigation.

The capacity for vertical migration was found to be the highest, i. e. up to 27 cm,
in infective larvae of Trichostrongylus spp. Most of the infective larvae of this ne-
matode were found in the herbage 6—15 cm above the soil surface. The rate
of vertical migration is proportional to the moisture of the herbage. During 3 hours
of watering the herbage, infective larvae were found 12—15 cm above the soil
surface, whereas within 4 hours of dessication of the herbage the larvae were con-
centrated maximally up to 4 cm from the soil surface.

Infective larvae of H. contortus, Trichostrongylus spp. and Chabertia ovina migrated
horizontally to a maximal distance of 21 cm from the middie of the faeces sample
established on grass irrigated twice a day.

Infective larvae of the above nematode species occurred only sporadically in soil
in the depth of 2 cm; only in one case were infective larvae of Ostertagia spp.
found in a depth of 7 cm.

Infe}:tive larvae, herbage, soil, rate of migration

From the epizootiological point of view, the infective larvae occurring in the herbage of pastures
are one of the most important sources of distribution of helminth invasions. _

Several authors have studied the annual occurrence of infective larvae in the external environ-
ment, especially on herbage. Biirger et al. (1983) reported that larvae began to migrate from
the faeces to the herbage at the time when the average daily air temperature had exceeded
18 oC for more than a week and after at least 4 days of rainfall when average precipitation
was minimally 20 mm. Callinan and Westcott (1986) stated that the occurrence of
larvae on herbage was significantly dependent on the temperature and humidity of the envi-
ronment. : ' :

In the herbage of the studied pastures (in November) in South Australia, Overend et al
(1984) found as much as 4800 infective larvae per 1 kg of dry grass. Pros1 (1986) studied the
quantity of larvae on vegetation during the day and found that the counts of infective O. oster-
tagi larvae were maximum at 6.00 a. m. (i. e. 2470/kg of fresh grass) and minimum in the course
of the day (i. e. 390/kg of fresh grass). . ) )

In general, in experiments conducted directly on pastureland, infective larvae migrate horizon-
tally to a distance of 10—12 cm, and vertically 17 cm. Fincher and Stewart (1979)
reported that O. ostertagi larvae in the field migrated vertically at least 12.5 cm, and in glass
tubes in the laboratory 15 cm (from the soil). On the contrary, Callinan and West-
cott (1986) found 71% of the larvae recovered from the vegetation concentrated within 0—2 cm
of the herbage. Pros1 (1986) stated that larvae migrated vertically on the herbage only a few
cm and that during day they descended downwards to the lower grass layer above the soil.
D e1gad o (1983) recovered infective Trichostrongylus and Haemonchus larvae on grass 50—130 cm
above the ground. Rose (1961) found the infective larvae to migrate more vertically than
horizontally. He found the counts of larvae to be the highest in tufts of grass near the faeces.
Goldberg (1970) collected 80% of O. ostertagi, C. punctata and O. radiatum larvae on grass
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within 13 cm of the faeces. Prosl (1986) found infective Ostertagia and Cooperia larvae on
herbage as much as 40— 50 cm from the faeces, the ma]onty of larvae being collected within
10 cm of the faeces. .

In addition to the tmgranon of larvae m herbage, many authors also investigated the mrgatnon
of larvae into the soil in connection with their survival during the cold periods and their higher occurren-
ce on herbage during spring and in the dry period. Callonan and Westcott (1986)
recovered 8 times more larvae in the soil than on the herbage down to a depth of 4—6 cm.
Al Saquar etal (1982) collected soil samples from October till September and found that
infective Ostertagia spp. larvae were present in each sample to a depth of at least 15 cm. Ana-
lysis of the vertical distribution suggested a possible migration into the soil during winter followed
by an upward trend during spring and summer. Grun er et al. (1982) observed that towards
the end of winter, during two weeks when soil temperature was Iower than 6 °C, the larvae
migrated to a depth of 40 cm, and more. This migration through the soil was supported by the
content of soil water, but the larvac were capable of active migration upwards even under re-
latively dry conditions. Rose und Small (1985) stated that the ability of larvae to migrate
into the soil was not even affected by the period of heavy rainfall. The results of studies of
these and other authors have proved that infective larvae of many nematodes migrate horizontally
over the herbage much more quickly than in the opposite direction — into the soil. These
authors concluded that the soil does not serve as a reservoir where large numbers of infective
larvae might survive during the winter.

The mechanism of larvae migration in the soil has not yet been fully explainecL Based on his
experiment with O. ostertagi larvae, Gronvold (1979) suggested that in this respect the
earthworms might play a certain role; after 50 days he isolated living larvae from their digestive
tract and faeces.

The aim of the present study was to find the ability and rate of migration of infective larvae of the most
frequently occurring sheep gastrointestinal namatodes on artificially established grassland, and to
discuss the presence of infective larvae in soil as a possible reservoir of infective larvae under
unfavourable conditions.

Materials and Methods

Various ways of mlgratnon on infective nematode larvae of the genera Haemonchus, Ostertagia,
Trichostrongylus and Chabertia were studied. Positive faeces with eggs of the above helminths
were collected from spontaneously infected sheep and placed on the experimental plots (see
further) under laboratory condmons.

(A) Characteristics of the experimental piots

The vertical and horizontal migration of infective larvae was investigated in March and April
in a greenhouse on three artificially seeded experimental plots (35 X 56 cm). The composition
of the herbage was as follows: Festuca pratensis, Trifolium repens, Lolium perenne and Dactylis
glomerata.

(a) Experimental plot No. 1
Positive faeces were placed on the grass surface into the centre of the plot in the form
of a cake 21 cm in diameter. Before placing the faeces, one half of the plot of grassland
was kept at a height of 2 cm frequent clipping. The herbage on the other half of the
plot was 50 cm high before the beginning of the experiment. The herbage was watered
twice a day.

(b) Experimental plot No. 2
The herbage and establishment of faeces were the same as on plot No. 1. Only once a day,
the bottom 20 cm of soil were irrigated by immersing into a large pot with water for
15 minutes.

(c) Experimental plot No. 3
"~ On the third experimental plot the faeces were evenly distributed over the whole surface.
The herbage was not cut and was irrigated twice a day as was experimental plot No. 1;
at the time of collection of larvae it reached a height of 50 cm.
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(B) Methods of examinations

Within 35 days of establishment of the faeces samples with the eggs of the above nematode
species, the herbage and soil of the experimental plots were divided into squares 7 X 7 cm.
The high herbage was gradually cut into 3 cm parts, from the soil surface up to the top.
Soil samples were taken to a depth of 2 and 7 cm. In pilot field samplings, the soil was taken
on the experimental plots in the Ecological Station Klec in April and November to a depth
of 20 cm from 5 X 5 cm squares.

All samples were examined for infective nematode larvae of the genera Haemonchus, Ostertagia,
Trichostrongylus and Chabertia using the modified method according to Bearmann.

(C) Determination of the rate of migration of the infective larvae

The rate of migration of the infective larvae in the herbage was ascertained in three 13 X 13 cm
containers into which the grass mats were set, and the faeces with the infective larvae were
over the whole surface. The herbage was continuously watered.

Samples of the herbage were taken gradually from these 8 plots at 15 and 30 min intervals,
then at 1 to 6-hour intervals. The grass was cut in 2 cm parts and samples were examined
using the modified method according to Baermann. The ability of reverse migration was investi-
gated after dessication using warm air (45°C).

Results
I.  Vertical and horizontal migration

The average air temperature and relative hutmdlty dunng the whole experimental period from
the establishment of the experiment till its termination was 21 3 °C (from 12 °C to 28 °C)
and 74% (from 52% to 85%), respectively.

(1) Migration of infective larvae on the herbage

The results are given in Fig. 1 and 2. Fig. 1 shows that on the regularly watered plot the
infective larvae migrated horizontally only in the middle part of the experimental plot, maxi-
mally 21 cm from the middle of the faeces sample (part A).
At this distance, infective larvae of Trichostrongylus spp. Chabertia ovina and Haemonchus
contortus were recovered. Within 14 cm of the centre of the plot, infective larvae of Trichostrongy-
lus spp. and Ch.ovina were collected.
As concerns vertical migration of larvae, the figures in the middle of the squares of Fig. 1

- give the maximal height (in cm) from the soil surface where infective larvae were recovered
on the herbage. The present investigations proved that infective larvae of Trichostrongylus
spp. had the highest ability of migration. i.e. up to a height of 27 cm. Infective H. contortus,
Ostertagia spp. and Ch.ovina larvae were found up to a height of 6 cm, 15 cm and 9 cm,
respectively, from the faeces. In cut herbage (part B), infective larvae of Trichostrongylus spp.
Ostertagia spp. and H. contortus were recovered.
Fig. 2 shows the migration of infective larvae on herbage on an unwatered plot with bottom
watering. No horizontal migration of infective larvae was observed on this experimental
plot and vertical migration occurred only on the high herbage in three squares above 'the
faeces. Examinations of grass samples from these squares showed only the occurrence of
infective larvae of Trichostrongylus spp. up to a height of 18 cm.
On the third experimental plot (watered, with regularly distributed faeces), the maximal abi-
lity for vertical migration of infective larvac was examined. Infective larvae of Trichostrongylus
spp. were found to migrate most frequently up to a maximal height of 27 cm, the majority
being collected 6—15 cm above the soil surface. Infective larvae of Ostertagia spp. were
recovered from grass samples of 3—9 cm in height. Infective larvae of H. contortus were
found in two samples only, i.e. 27—30 cm and 15— 18 cm above the soil.

(2) Migration of infective larvae in the soil
The results are given in Fig. 3 (plot No.1) and Fig. 4 (plot No.2). Infective larvae of Tricho-
strongylus spp., Ostertagia spp. and H. contortus were recovered from the soil to a depth
of 2 cm. Only infective Ostertagia spp. larvae were found in one square in the depth of
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2—7 cm. In pilot field samplings in April, no infective larvae were found in a depth of
20 cm, in November we collected infective Trichostrongylus spp., Ostertagia spp. and H. contor-
tus larvae in a depth of 5—10 cm. -

IL Rate of migration

No infective larvae were found on herbage within 15, 30 and 60 minutes at 19 °C and relative air
humidity 40%. After 2 hours, infective larvae of Haemonchus contortus, Trichostrongylus.spp.,
Ostertagia spp. and Chabertia ovina were recovered on the herbage up.to 8 cm above the soil;
after 3 hours, larvae were found 12— 15 cm above the soil. : :
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At 22 °C and 45—50% relative air humidity, infective larvae were found on herbage 2 cm,
6 cm. and 12—15 cm above the soil within 30 minutes, 1 hour, 2 hours and 3 hours, respecti-
vely. The infective larvae of all the species, i. e. Ostertagia Spp., Thdwstmngylus spp., Haemonchus

contortus and Chabertia ovina, were found to migrate.
- Reverse migration was also investigated; the herbage with the infective larvae was dessicated
with warm air (the temperature above the herbage was 25 °C and relative air humxdxty 30%)
and within 1 hour, 2 hours and 4 hours of dessication infective larvae were found in a height
of 10 cm, 6 cm and 4 cm, respectively.
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Fig. 3 Results of investigations of infective larvae migration in the soil on experimental plot
No. 1 v

Explanations to Figs. 1—4
Horizontal axis: distance of herbage and soil samplings (in cm) from the centre of the experimental

plots
mes: distance of herbage and soil samplings (in cm) from the centre of the experimental
A — the uncut herbage
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B — herbage regularly cut and kept at a maximum height of 2 cm from the soil surface
the circle in the middle of the figure indicates the area of established facces sample
the crosshatched squares indicate the occurrence of infective larvae in the parts of the grassiand
figures in the middle of the crosshatched sections give the maximum height of migration

of the infective larvae (in cm)

black squares indicate the migration of infective larvae in the soil
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Discussion

From our observations it is apparent that infective larvae of the genera Haemonchus, Tricho-
strongylus, Ostertagia and Chabertia migrated vertically, a lesser proportion horizontally. Infective
larvae were collected on herbage only above the faeces or in the close vicinity. Rose (1961)
reported that infective larvae migrated more vertically than horizontally and that the largest counts
of larvae were recovered from grass tufts near the faeces in the lower layer of the herbage. In
their studies, Goldberg (1970)and Pro s1 (1986) described horizontal migration.

In our experiment, the infective larvae of Trichostrongylus spp., at most, migrated vertically,
up to a height of 27 cm; the majority of Haemonchus, Trichostrongylus, Ostertagia and Chabertia
larvae found at a height of 6—15 cm above the soil with faeces. The results of Fincher
and Stewart (1979)and Delgad o (1983) were similar. On the contrary, Callinan
and Westcott (1986) and Prosl (1986) collected infective larvae 1n the lower layers
of the herbage.

If the infective larvae are to use their ability for migration, they require humidity which is
maintained for a longer time in the dense and high herbage. This fact agrees with the present
results when infective larvae on the experimental plot regularly watered, migrated up to a height of
27—30 cm, while they remained in the faeces on the plot with bottom watering.

From the present results it further follows that the migration of infective larvae into the soil
is probably not markedly affected either by the permeability or moisture of the soil. Infective
larvae of H. contortus, Ostertagia spp. and Thchostmugvlwr spp.- were recovered from the soil
only sporadwally, and only to a depth of 2 cm; only in one case Ostertagia spp. larvae were
recovered in a depth of 7 cm. It is true that in orientation field samplings carried out in No-
vember, infective larvae were found to reach a depth of 10 cm, but this does not conclusively
prove the ability of infective larvae to migrate into the soil, ‘because we cannot exclude conta-
mination during sampling or if the larvae were carried down -by percolating water during rainfall.
The present results agree with results of Borgsteed and Boogard (1983), Rose
and Small (1985) who recovered very small amounts of inféctive larvae in the soil. On the
other hand, A1 Sagur et al. (1982), Gruner ¢t al: (1982) and Callinan and
Westcott (1986) reponed that infective larvae migrated deeply into the soil. The mecha-
nism of larvae migration in the soil has not yet been fully explained; as mentioned above,
some authors attach importance to concrete local conditions, others suggest the role of earthworms
in the transport of infective larvae in the different layers and depths of the soil.

Observations on the rate of migration have revealed that, under sufficient air humidity and
adequate temperature, the infective Haemonchus, Ostertagia, Trichostrongylus and Charbertia larvae
are capable of reaching a height of 15 cm on the herbage within 3 hours. During dessication,
the infective larvae migrate downwards again and remain at a height of up to 4 cm where
humidity is sufficient. The onset of migration of the larvae in the herbage is dependent on the
temperature and humidity of the environment that is in accordance with the observations of
Biirger etal. (1983)and Callinan and Westcott (1986). ;

The ability of infective larvae to migrate quickly in the herbage mcludmg thelr ability of
surviving the relatively very unfavourable environmental conditions, is a very serious epizootiolo-
gical problem. Kotrld and KoZdoit (1978) observed that not even recurrent winter
temperatures connected with hoarfrost decontaminated the pastures. According to these authors,
53% of the herbage samples on the experimental plot were positive from June till June of the
following year. Based on observations of Overend et al. (1984) and Pos1 (1986), the
pastures are infested with considerable numbers of infective larvae during the whole grazing
season. Inthelrstudles, Cabaret etal (1982), Mitchel and Fitzsimons (1983)
and Mitchel et al (1984) concentrated their attention to testing various types of pastures.
They found that systems of so-called ,clean pastures (i.e. pastures which had not been grazed
for 12 months, or pastures ploughed and sown in the autumn and not grazed until the following
autumn) did partly reduce the hazard of infesting the grazing animals, especially the young
ones, but after a certain period these pastures were infested.

From the present results and from data of other authors quoted in this study, it is apparent
that also at the present time the pasture herbage is the main source of distribution of helminthia- _
ses; pastures remain to be a very serious epizootiological problem in spite of the fact that the
present methods of treating pastures have qualitatively’ improved-as compared- with' the ‘past.
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Migrace invaznich larev hlistic
gastrointestindlniho traktu ovci

Schopnost migrace invaznich larev hlistic rodti Haemonchus, Ostertagia, Tricho-
strongylus a Chabertia v travni porostu a do .pidy byla studovdna v labora-
tornich podminkich na tfech uméle zatravnélych plochich s rl'lznym reZimem
zaviaZovani.

Bylo 7jist&no, Ze nejvétsi schopnost vertikilni migrace je vyvinuta u invaznich
larev Trichostrongylus spp., které vystupuji aZ do vySe 27 cm. PfevaZna vétlina
invaznich larev vyse uvedens’rch hlistic byla nachizena v travnim porostu ve vySce
6—15 cm od povrchu pﬁdy

Rychlost vertikalni migrace invaznich larev je imé&rna vlhkosti travniho porostu
B&hem 3hodinového zavlh&ovani travniho porostu byly invazni larvy zjistény
ve vySce 12—15 cm, zatimco po 4 hod. vysuSovani porostu byly larvy sou-
stfedény maximalné do 4 cm od povrchu pudy.

Horizontaln& migrovaly invazni larvy H. contortus, Trichostrongylus spp. a Cha-
bertia ovina v maximalni vzdalenosti 21 cm od stfedu zaloZeného vzorku trusu
v podminkich, kdy travni porost byl 2X denné zavlaZovan.

Invazni -larvy uvedenych druhl hlistic byly jen ojedinéle naléziny v pudé
do hloubky 2 cm, pouze v jednom pfipad€ (invazni larvy Ostertagia spp.) do
hloubky 7 cm.

Murpannl MHBA3HOHHLIX JTHYMHOK nema'ron menyno‘mo-lmmetmoro
TPAKTa OBEN

CrnocoOHOCT K MUrpaliMM MHBA3MOHHBIX JIMYMHOK HEMaToh poja

Haemonchus, Qstertagia, Trichostrongylus w Chabertia B TpaBAHUCTOM
MOKPOBE U B MOYBY M3y4daiayu B Ja6OpAaTOPHBIX YCHOBUSAX HA TPEX MCKYCCTBEH-
HO 3aJIy’)KE€HHBIX. INIOIAAAX C Pa3HBIM PEKMMOM OPOLIECHMA.
"~ BbUIO YCTaHOBJNEHO, 4YTO camas Goiblias cnocoGHoc'rb BEPTUKAJIBLHON
MUrpauMy pa3BUTa Y MHBA3MOHHBIX JWUMHOK Trichostrongylus spp., npox-
BUTAIOLIMXCA HA BBHICOTY 27 CM. Hpeoﬁnanalomee 6om,1.uuﬂc1~no MHBa3MOHHBIX
JIMUMHOK BBIIIEIIPUBEACHHBIX HEMATO[ HAXOAMIM B TPABAHMUCTOM IOKPOBE
BBICOTOM 6—15 CM OT MOBEPXHOCTY IOYBHI.

CKOpPOCTb BEPTMKAJIPHOM MMrpalMyM MHBA3MOHHBIX JIMYMHOK INPOIOPIHMO-
HaJIbHA BJIQYXKHOCTM TPABSHUCTOTO IOKPOBAa. B xo4€ TpexuacoBOro opolieHus
TPaBSHMCTOrO NOKPOBA MHBA3MOHHBIE JIMUMHKM ObIIM OOHADYI)KEHBI HA BBICO-
Te 12—15 CM, MEXJYy TEM KaK IIOCJI€ YETHIPEXYACOBOrO0 BbICYIIMBAHUSA
MOKPOBA JIMYMHKM OBIIIM CKOHLIEHTPMPOBAHB HA BbICOTE HE Ooyiee 4 cM OT
TNIOBEPXHOCTU IOYBBI.

VuBa3suoHHsle anuuHKM H. contortus, Trichostrongylus spp. u Chaber-
tia ovina MUrpMpoBaIy TOPU3OHTANBHO HA MAaKCMMAJIbHOE pacCcTosHue 21 cM
OT IeHTpa oOpasija Kajia B yCJIOBMAX, KOTAa TPABAHMUCTHIA NMOKPOB OPOIIAIK
JiBa pa3a B CyTKH.

VIHBa3MOHHbIE JIMYMHKY NPUBCACHHBIX BUAOB HEMATOJ JIMIIb B €QUHUYHBIX
cIyyasx HaXOoAuIM B IOYBE HA riayb6uHe 2 CM, TOJKO B OLHOM ciyuyae (MHBa-
3MOHHble IMUMHKYU Ostertagia spp.) — Ha riy6uHe 7 cMm.
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