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ABSTRACT
Cabrera, V., N. Dottori, P. Lax, J. Cuello and M. E. Doucet. 2013. Anatomical alterations caused by Meloidogyne 
incognita in roots of Ipomoea purpurea, a weed of soybean crop. Nematropica 43:35-39.

Soybean acreage in Argentina has increased significantly recently. At the same time, problems related to associated 
weeds, such as species of the genus Ipomoea, also increased. In addition to the damage these weeds naturally cause, 
they may serve as hosts of economically important plant-parasitic nematodes, especially of the genus Meloidogyne. 
The objective of the present work was to evaluate the nematode-host relationship, based on an analysis of histological 
changes induced by Meloidogyne incognita on roots of Ipomoea purpurea. The material was obtained from a cultivated 
soybean field in the province of Córdoba (Argentina). Macroscopically, galls of variable size containing one or several 
females were observed. In the histopathological analysis, giant cells surrounded by normal parenchyma cells, as well 
as a displacement, disorganization and reduction of tissues in the central cylinder were detected. The results show a 
close parasite-host relationship. The presence of I. purpurea in cultivated soybean fields favours the establishment and 
persistence of M. incognita in the area. Hence, weed control, especially of I. purpurea, is of particular importance for 
soybean crop protection.
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RESUMEN
Cabrera, V., N. Dottori, P. Lax, J. Cuello and M. E. Doucet. 2013. Alteraciones anatómicas ocasionadas por 
Meloidogyne incognita en raíces de Ipomoea purpurea, una maleza de cultivos de soja. Nematropica 43:35-39.

La superficie cultivada con soja en Argentina se ha incrementado significativamente en los últimos 
años. Paralelamente, aumentaron los problemas ocasionados por malezas asociadas, tales como especies del 
género Ipomoea. Independientemente de los perjuicios ocasionados por su condición de malezas, pueden ser 
hospedadoras de nematodos de reconocida patogenicidad, especialmente del género Meloidogyne. El objetivo 
del presente trabajo fue evaluar la relación nematodo-hospedador a partir del análisis de modificaciones 
histológicas inducidas en raíces de Ipomoea purpurea por Meloidogyne incognita. El material se obtuvo de 
un campo sembrado con soja en una localidad de la provincia de Córdoba (Argentina). Macroscópicamente 
se observaron agallas de tamaño variable, en cuyo interior se encontraba una o varias hembras del nematodo. 
En el análisis histopatológico se detectaron células gigantes rodeadas de células parenquimáticas normales, así 
como un desplazamiento, desorganización y reducción de  tejidos del cilindro central. Los resultados muestran 
una estrecha relación parásito-hospedador. La presencia de I. purpurea en suelos cultivados con soja favorece 
la instalación y persistencia de M. incognita en el lugar. Por ello, reviste particular importancia el manejo de 
malezas en general y de ésta en particular.

Palabras clave: histopatología, Ipomoea, maleza, Meloidogyne, soja.  
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INTRODUCTION

Soybean, Glycine max (L.) Merr., acreage in 
Argentina has significantly increased recently (Aizen 
et al., 2009), reaching 18,886,634 ha in the 2010/2011 
crop season (MAGyP, 2012). Argentina is one of the 
main producers and exporters of soybean (USDA, 
2010), the most widely oilseed consumed worldwide 
(Wilcox, 2004). 

Weeds are one of the biotic agents that negatively 
affect soybean crop, interfering and/or competing with 
the crop for essential elements, such as water, space, 
light, carbon dioxide, and soil nutrients. Weeds disrupt 
agricultural activities, delay plant development and 
affect production significantly. They act as reservoirs of 
insects, fungi, nematodes, bacteria and viruses during 
the entire cycle crop (Muñoz, 2009). As alternative 
nematode hosts, they reduce the efficacy of plant 
parasitic nematode management strategies (Thomas et 
al., 2005).

Along with the expansion of soybean production, 
problems caused by associated weeds also increased. 
Among soybean-associated weeds are species of 
the genus Ipomoea (Convolvulaceae) (Nobile et al., 
1994; Leguizamón Frey et al., 2003; Nisensohn et al., 
2009), which can be hosts of  economically important 
nematodes such as the genus Meloidogyne (Antonio 
and Lehman, 1978; González, 2006). This root-knot 
nematode limits  plant development and causes severe 
losses in agriculture worldwide (Navarro-Barthelemy 
et al., 2009). Meloidogyne spp. induce feeding sites 
in the parasitized tissues, establishing a complex and 
specialized relationship with the host (Hussey and 
Williamson, 1998), producing re-differentiation of root 
cells into feeding cells, commonly known as “giant” or 
“transfer” cells. Successful establishment of these cells 
is essential for parasite development (Caillaud et al., 
2008).

Ipomoea purpurea (L.) Roth, known as Common 
Morning Glory, is also found in fields of more than 
40 plant species of economic importance, such as 
maize, Zea mays (L.), and bean, Phaseolus vulgaris 
(L.) (Díaz Pontones, 2009). It is considered one of the 
worst 10 weeds, since it can cause considerable crop 
yield reductions and interfere with harvest processes 
(De Andrada et al., 1995; Culpepper and York, 1998; 
Ortiz et al., 2011). Because I. purpurea is tolerant to 
glyphosate, recently this weed has become an important 
threat for soybean production in the Argentine Pampas 
region (Papa et al., 2002; Fernández-Quintanilla et 
al., 2007). In addition, it has been reported as host for 
Meloidogyne spp., being able to resist severe infestation 
levels (González, 2006; Mônaco et al., 2009). 

Several works have evaluated histological 
alterations caused by M. incognita (Kofoid & White, 
1919) Chitwood, 1949 in cultivated plants (Gapasin, 
1994; Castillo et al., 2003; Carneiro et al., 2005; Mota, 
2010). However, studies on weeds parasitized by this 
species have focused on other aspects, mainly on the 

nematode reproduction factor (Webster and Davis, 
2007; Mônaco et al., 2009); histopathology induced 
by the parasite still remains poorly known, and the few 
works conducted deal with infections caused by other 
Meloidogyne species (Doucet and de Ponce de León, 
1985; Doucet et al., 2000; Castillo et al., 2008). Studies 
on histological alterations in roots of naturally infected 
weeds can indicate if the plant-nematode interaction is 
compatible or incompatible, and provide information 
on the degree to which the parasite can develop and 
multiply. Knowing this aspect is of great importance 
for the understanding and management of root-knot 
nematodes (Castillo et al., 2008). The objective of 
the present work was to evaluate the nematode-host 
relationship based on the analysis of histological 
alterations induced by M. incognita on I. purpurea 
roots.

 
MATERIALS AND METHODS

Plants of I. purpurea were collected from a soybean 
field from the locality of Pilar (department of Río 
Segundo, province of Córdoba, Argentina), naturally 
infested with M. incognita. Healthy roots (without 
galls) and infected (galled) were cut into segments of 
about 5 mm in length, fixed in FAA (formol 10%, ethyl 
alcohol 96° 50%, glacial acetic acid 5%, distilled water 
35%), dehydrated in a graded series of ethyl alcohol-
xylene and embedded in paraffin Histowax ™.  Cross 
sections 7 to 10 µm thick were obtained with a rotary 
microtome. They were stained with hematoxylin-
safranin-fast green and mounted in Canada balsam 
(Johansen, 1940; Conn et al., 1960; O’ Brien and Mc 
Cully, 1981).

RESULTS AND DISCUSSION

The roots of plants of I. purpurea had abundant galls 
of 2-5 mm in length; many of them had egg masses on 
the surface (Fig. 1 A, B). Histological sections revealed 
normal anatomy and arrangement of the vascular 
tissues in the control roots (Fig. 1 C). Infected sections 
showed the presence of 1 to 2 mature females of M. 
incognita. Between 5 and 11 giant cells were observed 
surrounding the anterior region of the nematode (Fig. 1 
D). The central cylinder was displaced to the periphery 
due to the volume occupied by the nematode and the 
giant cells; disorganization and reduction of vascular 
tissues was noticeable (Fig. 1 E). Cell breakdown was 
evident, mainly in vessels and xylem parenchyma. 
Giant cells were multinucleate (due to the occurrence of 
nucleus division without subsequent cytokinesis), with 
prominent nucleoli and very dense cytoplasm. Giant cell 
walls were thickened (4-6 µm) with respect to normal 
cells (2-4 µm) and rough in texture (Fig. 1 F). Some 
galls contained two nematodes, each one related to a 
group of giant cells, which increased disorganization 
and reduction of the vascular tissues. 

The polyphagous nature of M. incognita (as in other 
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species of the genus) increases its likelihood of finding 
a host that ensures its establishment, development and 
reproduction. Accordingly, the presence of giant cells 
in I. purpurea found in this work showed the successful 
establishment of feeding sites of the nematode, as well 
as a close parasite-host relationship. The histological 
alterations indicate the host susceptibility and are 
in agreement with records reported for other weeds 
infected with Meloidogyne spp. (Doucet and de Ponce 
de León, 1985, Doucet et al., 2000; Castillo et al., 
2008). Establishment and persistence of M. incognita 
is enhanced by the presence of I. purpurea in soybean-
cultivated soils. Therefore, weed control should be 
extended beyond the critical period of competition, and 
should include practically the entire crop cycle (Daita 
et al., 2011).

Direct seeding, the use of glyphosate-tolerant 
transgenic cultivars, and the intensive application 
of this product contribute to the modification of 
the range of weeds present in diverse cultivars 
(Rodriguez, 2004). Furthermore, many of the weeds 
have become resistant to the herbicide (Dellaferrera 
et al., 2007; Rainero, 2008) due to selection pressure. 

For example, “crabgrass”, Digitaria sanguinalis 
(L.) Scop. (Poaceae), frequently occurs in soybean 
production areas (Scursoni and Satorre, 2010), even 
in areas previously treated with glyphosate (Culpepper 
et al., 2001). A similar situation occurs with other 
widely dispersed weeds of different families, such as: 
Anoda cristata (L.) Schltdl. (Malvaceae), Commelina 
virginica L. (Commelinaceae), Convolvulus arvensis L. 
(Convolvulaceae), Cyperus rotundus L. (Cyperaceae), 
Portulaca oleracea L. (Portulacaceae) and Wedelia 
glauca (Ortega) O. Hoffm. ex Hicken (Asteraceae) 
(Vitta et al., 2000). It should be noted that species of 
some of these and other families have been cited as 
good hosts of numerous plant-parasitic nematodes 
in Argentina, among which are several species of the 
genus Meloidogyne (Doucet 1992, 1999). However, 
information on the host range of Meloidogyne spp. is 
incomplete and sometimes contradictory (Rich et al., 
2009). 

On the other hand, the high reproductive potential 
of M. incognita, its short life cycle and the wide host 
range ensure the development of several generations 
during a single crop cycle (Gómez et al., 2010). This 

Fig. 1. Ipomoea purpurea parasitized by Meloidogyne incognita. A: general view of the plant, galls present in the 
root system are indicated. B: galls with egg masses. C: transverse section of control root. D: gall with giant cells and 
anterior region of nematode. E: displacement of vascular tissue. F: detail of giant cells. Abbreviatons: cpc: cortical pa-
renchyma cell, ga: gall, gc: giant cell, m: egg masses, n: nematode, nu: nucleus, tw: thickened wall, vt: vascular tissue.
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raises awareness about the need to control not only I. 
purpurea but also other weeds that may act as reservoirs 
of the parasite. Weed control is of great importance for 
the successful management of the nematode, as well as 
the analysis of the nematode-host relationship from a 
histological perspective, focusing not only on cultivated 
plants but also on weeds. 
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