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Recovery of Trichostrongylus colubriformis infective larvae 
from three grass species contaminated in the autumn
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Abstract

This experiment aimed to assess the recovery of infective larvae (L3) of Trichostrongylus colubriformis from Brachiaria 
decumbens cv. Australiana, Cynodon dactylon cv. Coast-cross and Panicum maximum cv. Aruana. The experimental 
module comprised six plots, with two plots per herbage species. Larval survival was assessed from autumn to winter, 
under the effect of two herbage-paring heights (5 and 30  cm). TThe paring was carried out immediately before 
contamination with faces containing T. colubriformis eggs. The feces and herbage were collected at one, two, four, eight, 
12 and 16 weeks after feces had been deposited in the experimental plots. In general, larvae were recovered from both 
herbage and feces until the 16th week. The longer persistence of these larvae in the environment was probably due to 
warmer temperatures. The number of L3 recovered from the pasture was not influenced by the height of plants, except 
for Brachiaria and Aruana herbage in the fourth week. Regarding the concentrations of larvae per kg of dry matter 
(L3/kg DM), recovery was higher from low pasture in all three herbage species. During the autumn, the development 
and survival of the T. colubriformis free-living stages were not affected by the different herbage species.
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Resumo

O experimento teve como objetivo avaliar a recuperação de larvas infectantes (L3) de Trichostrongylus colubriformis 
em Brachiaria decumbens cv. Australiana, Cynodon dactylon cv. Coast-cross e Panicum maximum cv. Aruana. Foram 
utilizados módulos experimentais constituídos por seis canteiros, perfazendo dois canteiros por espécie forrageira. A 
sobrevivência larval foi avaliada do outono até o inverno, sob o efeito de duas alturas de poda (5 e 30 cm). A poda foi 
realizada imediatamente antes da deposição das fezes contaminadas com ovos de T. colubriformis. A colheita das fezes e 
da forragem foi realizada uma, duas, quatro, oito, 12 e 16 semanas após a deposição das fezes nos canteiros experimentais. 
De modo geral, foram recuperadas larvas das forragens e das fezes até a 16ª semana. Essas larvas persistiram por 
mais tempo no ambiente, provavelmente em razão das temperaturas mais amenas. O número de L3 recuperadas nas 
pastagens não foi influenciado pela altura das plantas, exceto nos capins braquiária e aruana na quarta semana. Já em 
relação às concentrações de larvas (L3/kg MS) recuperadas das três forrageiras, houve maior concentração nas pastagens 
baixas. Durante o outono, o desenvolvimento e a sobrevivência de estádios de vida livre de T. colubriformis não foram 
afetados pelos diferentes tipos de espécies de forrageiras.
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Introduction

Sheep breeding is an activity with vast production potential in 
terms of meat, wool, skin and milk. Lamb meat production, the 
main ability of the breeds raised in the State of Sao Paulo, Brazil, 
has aroused increasing interest in farmers who have attempted 
to structure the commercialization system (CARVALHO et al., 
2004). As sheep breeding in Sao Paulo is mainly semi-intensive, it 
is essential that studies be carried out to indicate the management 
systems and ovine breeds with the highest potential for meat 
production under the environmental conditions of this State.

The anthelmintic resistance of most species involved in parasitic 
infections is a major problem for sheep breeding not only in Brazil 
(AMARANTE et al., 1992; ECHEVARRIA et al., 1996) but 
also in any other place where this activity is relevant (WALLER, 
1997; BARTLEY et al., 2004, 2006). In the past two decades, 
this problem has led to further studies once it is a great threat to 
small ruminant production.

Thus, it is necessary to adopt new worm control practices, such 
as the use of herbage, to reduce the number of infective larvae 
(L3) in pasture, because of both the microclimate provided by 
herbages and the migration difficulties faced by larvae due to the 
morphology of each herbage species.

The development and survival of free-living stages are influenced 
by the climate. Survival time is highly variable in the different 
regions of Brazil, as well as through the different seasons of 
the year. The present study aimed to assess the following: the 
recovery of Trichostrongylus colubriformis L3 from three herbage 
species: Brachiaria decumbens cv. Australiana, Cynodon dactylon cv. 
Coast‑cross and Panicum maximum cv. Aruana, contaminated at the 
beginning of the autumn; the influence of herbage height (5 and 
30 cm) at the moment of contamination; and the L3 survival in 
pasture during the autumn.

Materials and Methods

The experiment was carried out at the Sheep Breeding Area of 
UNESP – “Universidade Estadual Paulista”, Botucatu Campus 
(22° 50’ S and 48° 24’ W). Meteorological data were obtained from 
the Environmental Sciences Area of the Department of Natural 
Resources, School of Agronomical Sciences, UNESP, Botucatu 
Campus. Infective larvae of Trichostrongylus colubriformis were 
obtained and kept as described by Rocha et al. (2007).

1.  Experimental module

Details about the experimental module were described by 
Rocha et al. (2008). The experimental module comprised six plots 
of 32.4 m2 each, established with B. decumbens cv. Australiana, 
C. dactylon cv. Coast-cross and P. maximum cv. Aruana, in a total 
of two plots per species.

Each plot was divided into 36 subplots of 30 × 30 cm, i.e. six 
replicates per species and per height at each sampling date. Nylon 
threads and wooden stakes were used to make such divisions. To 
prevent a herbage species from invading the area of another species, 
the spaces between plots were periodically cleaned.

Larval recovery was assessed under the effect of two 
herbage‑paring heights (low, 5 cm and high, 30 cm). The paring 
was carried out immediately before the deposition of feces; 
appropriate scissors were used to prevent sectioned parts from 
falling on the ground.

2.  Deposition of feces

On the day feces were deposited, five counts of eggs per gram 
of feces (EPG) were performed to estimate the total number of 
T. colubriformis eggs present in the samples. A total of 221 samples 
were prepared and each one contained 15 grams of feces. Details 
about coproculture and fecal deposition were described by 
Rocha et al. (2008). Of the 221 samples, 216 were deposited on 
the plots and the remaining five were destined to coproculture in 
Petri dishes (control group). The samples were deposited on the 
plots between 12:00 PM and 1:00 PM on May 07, 2004. Fecal 
samples were deposited directly on the soil and were not protected 
against the action of insects or other predators.

3.  L3 recovery from herbage and fecal samples

The feces and herbage were collected at one, two, four, eight, 
12 and 16 weeks after feces had been deposited on the experimental 
plots. At every week, samples were collected from six plots per 
herbage species and height. All collections were performed between 
6:30 AM and 7:30 AM. Details about L3 recovery from herbage 
and fecal samples were described by Rocha et al. (2008).

Herbage samples were stored in buckets, separately. They were 
kept immersed in four liters of water for four hours. After that, 
each herbage sample was transferred to another bucket containing 
four liters of water, remaining immersed for further three hours, 
thus totaling seven hours of herbage sample immersion in water 
(NIEZEN et al., 1998).

After seven hours, the herbage samples were removed, packed 
in paper bags and dried in oven for dry matter determination.

The water in the buckets remained at rest for 24 hours; then, 
the supernatant was removed and the sediment was transferred 
to a sedimentation cup. After a 24-hour additional sedimentation 
process, the supernatant was discarded and the sediment was 
transferred to a capped graduated conical tube. The tubes were 
kept in refrigerator (4 °C) until reading, when supernatant was 
again discarded and 1.0 mL sediment was examined to quantify 
T. colubriformis L3. Results were expressed as mean number of 
L3. In addition, the mean concentration of L3 on the herbage, i.e. 
the mean number of L3 per kilogram of dry matter (L3/kg DM) 
was estimated.

The feces that remained on the plots were collected and 
stored in labeled plastic bags until processing in laboratory. The 
larvae were separated from the feces as previously described by 
Rocha et al. (2008).

The rate of larval recovery from the environment was calculated 
based on the number of infective larvae obtained from feces 
deposited on the plots, relative to the number of infective larvae 
produced in the fecal cultures kept in the laboratory (control). 
The following formula was employed:
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Recovery rate = 100* (mean number of L3 recovered from 
feces deposited in the environment/mean number of L3 in the 
cultures of the control group).

4.  Statistical analysis

Data were subjected to one-way analysis of variance, using the 
software Minitab (version 11, 1996). Means were compared by 
the Tukey’s test with 5% significance level. The data on infective 
larvae were previously transformed (Log (x + 1)). However, the 
arithmetic means of non-transformed data are presented to make 
results clearer.

Results

Rainfall in the study period was 213.7 mm and the average 
maximal and minimal temperatures were 22.0 °C and 13.0 °C, 
respectively. Fecal samples showed, on average, 475 EPG. The 
mean number of larvae recovered from the cultures for the control 
group was 2960 L3, which corresponded to an egg-to-larva 
development rate of 41.5%.

The mean temperature on the day feces were deposited (May 
2004) was 16.8 °C. Although it did not rain on that day, the air 
relative humidity was 82%. Data about the climate are shown 
in Figure 1.

1.  Low cut

The rates of parasite recovery from the herbage were very low in 
all weeks. The quantity of recovered L3 was similar for all herbage 
species in all weeks, except in the first one, when a larger number 
of L3 was recovered from Aruana herbage, compared to Coast-cross 
herbage (P < 0.05, Figure 2). Until the 8th week, L3 were recovered 
from all herbage species. In the 12th week, only Brachiaria and 
Coast-cross showed recovery, although at small amounts. In the 
16th week, recovery was only possible from Coast‑cross herbage, at 
minimal quantities. From the 8th week, L3 were not recovered from 
Aruana herbage. The maximal development rates for free‑living 
stages of the parasite in the feces occurred in the 2nd week: 3.1% 
for Brachiaria, 3.69% for Aruana, and 3.3% for Coast-cross.

The mean number of L3 recovered from the feces was high 
in the 2nd week for samples deposited among all herbage species: 
91.5 L3 for Brachiaria, 109.2 L3 for Aruana, and 96.3 L3 for 
Coast-cross. In the remaining weeks, the number of recovered 
L3 was smaller. There was no difference between herbage species 
in any phase (P > 0.05).

The largest number of recovered L3/kg DM was found 
for Aruana herbage (900.80 L3/kg DM) in the 1st week after 
contamination, which is statistically different (P < 0.05) from the 
value obtained for Coast-cross (58.9 L3/kg DM). Eight weeks after 
plot contamination, there was an increase in the mean number 
of L3 recovered from Coast-cross herbage (849.3 L3/Kg DM, 

Figure 1. Monthly means of temperature (ºC), air relative humidity (%), total rainfall (mm) and solar radiation (cal/cm2) from May to August 
2004 in Botucatu, State of Sao Paulo, Brazil.
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Figure 2). In the following weeks, recovery of L3/Kg DM from 
Coast-cross herbage was minimal.

As to herbage height (Figure 2), in weeks 1, 2 and 4, Coast‑cross 
herbage showed values significantly superior to those of Brachiaria 
(P < 0.05).

Herbage weight remained similar, without significant difference 
(P > 0.05) between herbage species, except for the 16th week, 
when Coast-cross herbage (14.34 g) presented greater weight than 
Brachiaria (12.56) and Aruana (7.77 g, P < 0.05).

No fecal degradation over the experimental weeks was observed, 
and fecal pellets remained intact.

2.  High cut

In the 2nd and 8th weeks, parasite development rate was greater 
than 1% for fecal samples deposited among all herbage species. 
The following results were obtained: 1.9 and 1.5% for Brachiaria, 
1.1 and 2.2% for Aruana, and 1.7 and 2.4% for Coast-cross, in 
the 2nd and 8th weeks, respectively.

L3 were recovered from herbage until the 12th week after 
contamination, except from Brachiaria, where L3 were found only 
until the 8th week (Figure 3). The herbage species influenced L3 
recovery in the 4th week, when the number of L3 recovered from 
Aruana herbage was superior to that recovered from Coast‑cross 

a

b

c

d

Figure 2. Mean numbers of infective larvae of Trichostrongylus colubriformis in feces (a), pasture (b) and per kilogram of herbage dry matter 
(L3/kg DM) (c). Mean pasture height (d) for Brachiaria, Aruana and Coast-cross over the experiment carried out in Botucatu, State of Sao 
Paulo, Brazil. Samples deposited among pasture with initial height of 5 cm (on May 07, 2004). Bars = standard deviation.
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(P < 0.05). Regarding the feces, L3 were recovered in all experimental 
weeks, with no significant difference between herbage species 
(P > 0.05). The amounts of recovered feces were similar between 
herbage species (P > 0.05).

Considering the quantities of L3/kg DM, Aruana herbage 
showed higher concentration of larvae than the remaining 
herbage species (P < 0.05). In the 8th week, Brachiaria had lower 
concentration, compared to the remaining herbages (P < 0.05).

The quantities of recovered feces were similar among herbage 
species (P > 0.05).

In the 12th week, Brachiaria was higher (60.33 cm) than Aruana 
and Coast-cross (50 cm and 44.67 cm, respectively, P < 0.05). In 
the 16th week, Brachiaria was higher (58.33 cm) than Coast-cross 
(46.83 cm) (P < 0.05, Figure 3).

Regarding herbage weights, there was a significant difference 
in the 8th week (P < 0.05), when Brachiaria presented weight 
superior (43.45 g) than Aruana (20.5 g) and Coast-cross (16.74 g).

Similarly to the low pasture, fecal degradation was not observed 
along the experimental weeks.

3.  Comparison between low cut and high cut

As regards the recovery of L3 from the feces, the high cut of 
Aruana and Coast-cross herbage resulted in higher values in the 
1st week. In the 12th week, there was higher recovery of L3 from 
the feces deposited among high cuts of Brachiaria and Aruana. 
However, in the 2nd week, recovery of L3 from the feces was higher 
for low cut than for high cut of Aruana and Coast-cross (P < 0.05). 
The same occurred in the 4th week, but only for Aruana (P < 0.05).

Figure 3. Mean numbers of infective larvae of Trichostrongylus colubriformis in feces (a), pasture (b) and per kilogram of herbage dry matter 
(L3/kg DM) (c). Mean pasture height (d) for Brachiaria, Aruana and Coast-cross over the experiment carried out in Botucatu, State of Sao 
Paulo, Brazil. Samples deposited among pasture with initial height of 30 cm (on May 07, 2004). Bars = standard deviation.

a

b

c

d
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L3 recovery from high cut of Brachiaria and Aruana was 
greater in the 4th week, compared to low cut (P < 0.05). As to 
the concentration of L3/kg/DM, there was difference only in the 
1st week, when recovery was higher for Aruana low cut (P < 0.05).

Discussion

In general, in the present study, larvae were recovered from 
both herbage and feces until the 16th week. Development rates 
greater than 1% were recorded. The prolonged persistence of 
these larvae in the environment was probably due to the warmer 
temperatures. These results corroborate those of Amarante et al. 
(1996), who studied the contamination of paddocks subjected to 
continuous grazing by cattle and sheep in the same region of the 
present study and found a larger number of Trichostrongylus spp. 
L3 in May, September and October. After two weeks of pasture 
contamination, Carneiro and Amarante (2008) recovered only 2% 
H. contortus L3 from feces when the latter were deposited among 
high cuts of Aruana herbage in the autumn. Silva et al. (2008) 
contaminated pastures of B. decumbens with feces containing 
Haemonchus contortus L3 and verified low recovery of L3 from both 
feces and herbage: 0.41% and 0.42%, respectively, in the autumn.

The number of L3 recovered from the pastures was not 
influenced by the height of plants, except for Brachiaria and Aruana 
herbage in the fourth week, when the high cut led to higher L3 
recovery compared to the low cut. Carneiro and Amarante (2008), 
in a study carried out in the same site of the present experiment, 
also observed higher recovery of H. contortus L3 from 30 cm high 
Aruana herbage at the moment of contamination. Rocha et al. 
(2008), however, did not find influence of the herbage height on 
the recovery of T. colubriformis L3 in the summer. Such results 
indicate that the variation in the climate conditions may change 
the migration of gastrointestinal nematodes. This was shown by 
Silva et al. (2008), who observed that the different temperatures 
and air relative humidity influenced the migration of H. contortus 
L3 from the feces to the pasture. Bassetto et al. (2009) found 
mean contamination of 8.59 L3/Kg DM by Haemonchus spp. and 
3.17 L3/Kg DM by Trichostrongylus spp. in a continuous grazing 
area in the same months of the present study.

Concerning the concentrations of larvae (L3/kg DM) recovered 
from all three herbage species; there was higher concentration in 
low pastures. In high pastures, there was a dilution in the quantities 
of larvae. Dilution in the concentration of L3 leads to a decrease 
in the ingestion of larvae by animals, consequently reducing their 
exposure to parasites.

The concentrations of larvae (L3/kg DM) were higher in May, 
two weeks after the deposition of feces. A total (sum of all weeks) of 
5924.49 L3/kg DM for low cut and 2496.54 L3/kg DM for high 
cut were recorded. Carneiro et al. (1990) also found an increase 
in contamination in October, April and May. Similar results were 
obtained by Almeida et al. (2005) in ‘Baixada Fluminense’, Rio 
de Janeiro. In the dry period (May to October), L3 survival time 
was of 15 weeks in the pasture contaminated with fecal samples 
from sheep and goats, whereas for the bovine samples L3 recovery 
occurred until 21 weeks after herbage contamination, reaching 
its peak in the third week (ALMEIDA et al., 2005).

L3 recovery extended during the autumn and until the beginning 
of the winter, showing that the larvae are capable of surviving repeated 
desiccation and rehydration cycles without suffering deleterious 
effects. The anhydrobiosis phenomenon is the temporary suspension 
of vital activities, which allow a nematode to bear a long dehydration, 
prolonging thus its survival in the environment due to its lipid 
reserves. According to Lettini and Sukhdeo (2006), nematodes 
from ruminants are capable of surviving seven desiccation and 
rehydration cycles, waiting for suitable environmental conditions 
to infect the host. Amarante et al. (1996) also recorded expressive 
numbers of L3 in the pasture in the dry months.

As a rule, the highest amount of L3 was obtained two months 
after the deposition of feces. Four months after the deposition 
of feces, L3 were still recovered, but at minimal quantities. In 
the dry regions of Africa, pastures can be considered safe three 
months after contamination (NDAMUKONG; NGONE, 1996). 
In Niger, pastures for sheep and goats can be considered free of 
contamination in the dry period (CHIEJINA et al., 1989). Similarly, 
in the semi-arid region of northeastern Brazil, the transmission of 
parasites is almost nil in dry periods (CHARLES, 1989).

Fecal pellets were kept intact over the 112 days of the study, 
especially when the herbage was 30 cm high, determining an 
important source of L3 in the pasture. Fecal pellets act as reservoirs 
of infective larvae, especially during dry periods (CARRATORE, 
2004; ROCHA, 2006). However, in rainy periods, the degradation of 
feces is higher (ROCHA et al., 2008). Rocha et al. (2008) recovered, 
on average, only 20%, 31.5% and 36.6% from the feces deposited 
among Brachiaria, Aruana and Coast-cross herbage, respectively, in 
the last sampling (16 weeks after deposition of feces in the summer).

The climate, the relative proportions of susceptible and resistant 
hosts in the herd, the history of pasture use and the soil structure 
also influence the environmental contamination.

The herbage species can influence the development and survival 
of gastrointestinal nematode larvae (MARLEY et al., 2006a, b). 
In general, Aruana herbage favored the highest L3 concentrations 
compared to the remaining herbage species, which was also observed 
for H. contortus L3 by Carneiro and Amarante (2008). Brachiaria and 
Coast-cross were the densest herbage species, which probably led to 
an effect of dilution of L3 with lower availability of infective larvae.

During the autumn, in the study site, T. colubriformis is 
resistant to the environmental conditions and the development 
and survival of the parasite free-living stages was not affected by 
the different herbage species.
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