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Cyperus esculentus (European/non-european)

IDENTITY

Name: Cyperus esculentus

Taxonomic position: Plant Kingdom;  Magnoliopsida (formerly angiosperms),  Liliidae (formerly monocotyledons) , Areciflorae, Cyperales, Cyperacea.

Common names : 
Yellow nutsedge (English)




Souchet comestible (French)




Erdmandelgras (German)




Knolcyperus (Dutch)

Mandulapalka (Hungarian)

Bayer computer code: CYPES

EPPO listing: absent.

GEOGRAPHICAL DISTRIBUTION

Cyperus esculentus is a widely distributed old world species that is an invasive weed in almost all temperate and subtropical regions of the world. It is particular to areas with sufficient summer rainfall, or alternatively irrigated farming systems. It does occur in the tropics but has there largely been replaced by its close relative C. rotundus. The species is known as far North as the coastal region of Alaska (Holm et al, 1977), and has recently penetrated Europe North of the Alps as far as the Netherlands.

Its distribution to colder regions is limited by the severity of winter (Stoller, 1973). In the Netherlands cold winters cause severe population declines but do not eradicate the species.

In Europe Cyperus esculentus is native to the Mediterranean region and occurs also in Southern France.  Occurrence in Europe North of the Mediterranean is known from Austria, Germany, Switzerland, Belgium and the Netherlands (Neururer, 1990; Schmitt and Sahli, 1992;). The species is also present in France (Morin and Sombrun 1984) and in Hungary (Dancza et al, 2004)

Because the species got almost out of control in the sixties in the USA most research on its biology and control dates back to the seventies and was done in the USA. The species received comparatively little attention in Europe, with the exception of the Netherlands where it became invasive in the early eighties. In Hungary the species became invasive recently and receives considerable attention as well. (Dancza,et al 2004)

BIOLOGY

Cyperus esculentus is a perennial weed in which only tubers survive the off-season (Bendixen, 1973). A tuber sprouts in spring at approximately the same time as maize crops germinate when temperatures are higher than ca 14 oC. The sprout develops in a basal rhizome growing to the surface (in the Netherlands tubers were able to sprout and reach the surface from a depth of 40 cm). Just below the surface the rhizome thickens and forms a basal bulb. The basal bulb produces leaves, and later the inflorescences.

Within a few weeks of emergence (in the Netherlands on average three) the basal bulb will produce lateral rhizomes giving rise to new basal bulbs and plants. This process will be repeated during summer. Approximately from mid summer onwards rhizomes will produce new tubers. Both plant and tuber production can be prolific. Growing conditions in the United States allow a single plant to produce 1900 new plants and 7000 tubers in a single season (Holm et al, 1977); in the cooler growing conditions of the Netherlands a single bulb still produces over 500 new tubers in a single season (Groenendael and Habekotté 1988; Habekotté and Groenendael, 1988).

The bulbs survive winter as long as soil temperatures in the relevant soil depths remain above a threshold level. A soil temperature of –10oC  for 24 hours is fatal; soil temperatures of –4oC have no effect(Stoller 1973). It is remarkable that tubers may become dormant for a period of several seasons (Stoller and Wax, 1973). The mechanism is poorly understood; but under Dutch circumstances a tiny fraction of an originally large population still sprouted after six years (Rotteveel and Naber, 1993).

Cyperus esculentus is an obligatory cross pollinated species. Since it is also clonal in growth it is not surprising that the usual prolific flowering seldom results in prolific seedset, with the exception of the North Eastern United States (Justice, 1946)

Yellow nutsedge tubers are a food source for small rodents and birds. The plants are remarkably free from pathogens, though the rust Puccinia canaliculata is known and used in biological control in the USA (Phatak et al. 1983). This rust is absent from Europe. A cyst nematode, Heterodera  cyperii (Golden et al., 1962) is also absent, and so is the moth Bactra verrutana (Keeley and Thullen 1970) that was unsuccesfully tried in biological control in the USA.

DETECTION AND IDENTIFICATION

Cyperus esculentus is easily identified in the field ( Wills et al., 1980). The plant has the typical three-angular arrangement of all Cyperacea: stems are triangular, and so is the leaf-arrangement. The presence of tubers rules out confusion with practically all other Cyperacea. Only Cyperus rotundus and Bulboschoenus (Scirpus) maritimus have also tubers.  Those are in both cases black, covered with roots, often in chains and not edible due to the hard texture and the bad resinous smell and taste. Yellow nutsedge tubers are light brown, edible with a tasty, nutty flavour, and always grow single at the end of a rhizome.

Tubers Irregularly round brown tuber with scale leaves (cladophyls) at the end of thin rhizomes emerging from basal bulbs. Tubers are small: up to 10 mm.
Leaves grow in three ranks, mostly emerging from the basal bulb, 30-80 cm long, 5-6mm wide, with a prominent mid vein. The top of the leaf is drawn out and narrows one cm before the tip. Leaves are glabrous, as is the anti-ligule that is normally torn.

Flowers arranged in an umbel at the top of a 30-80 cm long culm, subtended by unequal leaflike bracts varying from 5-25 cm long. Spikelets  are yellowish brown or straw-coloured, 1-3 cm long, of several flowers, flattened and two-ranked. Stamens three, style three-cleft. 
Fruits Achenes three-angled, narrowing gradually from a square shouldered apex toward the base, about 1,5 mm long, brownish grey to brown, covered with very small grains.
Several varieties or biotypes exist and have been described by Ter Borg, (1988); and Horak and Holt (1986). It should be noted that types sometimes mentioned in the agricultural context of weed science are often confusing.

In Southern Europe a distinct variety with larger tubers on short rhizomes is grown as a horticultural crop under the name “chufa”.  Chufa is sometimes sold in other parts of Europe but does not persist under field conditions. 

MEANS OF MOVEMENT AND DISPERSAL

Cyperus esculentus is originally a species of riverbeds that are usually dry in summer and is easily dispersed by (winter) floods. As a weed the species is almost completely confined to agricultural land, and dispersed by human action. Movement of plant propagation material such as bulbs (lilies) and corms (gladioli) as well as whole plants (perennial ornamentals and shrubs) is the most important pathway, followed only by dispersion via machinery and soil. Movement through seeds does not seem to be of any importance in Europe, and very limited outside (Horak and Holt, 1986).

In the first years of invasion in the Netherlands the number of infested fields increased greatly through the growing of infested gladioli. (Naber and Rotteveel, 1986)

PEST SIGNIFICANCE

Economic impact

Yellow nutsedge is a noxious weed and listed by Holm as one of the world’s worst weeds (Holm et al 1977). The economic damage is dependant on a number of agronomic factors that interact:

1. Cropping system. Yellow nutsedge grows most profusely in intensively grown summer crops with an open structure that are well manured and well watered.  Damage is small or absent in winter crops like cereals or rape. Damage through competition can be large in sugarbeet or maize and total in crops like gladioli.

2. Produce type. In rootcrops damage tends to be higher because the dense interwoven rhizomes obstruct harvest and increase the cost of cleaning the produce. In extreme cases harvest becomes impossible (sugarbeet, gladioli, lilies).  Crops of which only above ground are harvested experience little or no damage from obstructed harvesting operations.

3. Propagation materials. Yellow nutsedge infested land is not suitable for the production of bulbs, tubers, corms or whole plants for use as propagation material. Cleaning is either impossible, or cost prohibitive, or a combination of both.

4. Land value. Severely infested land looses its agronomic value. Several cases are known in the Netherlands where severely infested land was put to forest. In other cases farming shifted from high value flowerbulb production to low value grassland.

5. Phytosanitary measures. The successful elimination of yellow nutsedge from the entire gladioli propagation crop in the Netherlands had a cost of approximately 1.5 – 3 million euro. 

The actual damage will always be farm specific. Calculations In the Netherlands showed considerable damage.  In 1984 calculations showed that a standard arable farm would face a decrease in saldo from euro 1000 (no infestation) to less than 100 euro per ha per year. The total loss of a flower bulb crop may easily account to over 50.000 euro/ha, not counting the loss of land value that could be estimated to be the same.

Control

Since spread is almost totally by man strict hygienic and preventive measures are both necessary and very effective in order to contain infestations. The Dutch government programme obtained a considerable decrease in dispersal  from infested fields. 

Control is also possible through the cultivation of crops that are highly competitive and close early ( Keeley and Thullen 1978). Wintercereals, grassleys and especially fibrehemp allowed almost no nutsedge development under Dutch conditions (Lotz et al, 1991). However, even a ten- year period under a grass ley did not eliminate yellow nutsedge (Rotteveel and Naber, 1996)).

Mechanical control gives short- lived positive control effects but should be avoided  because of its massive contribution to in-field dispersal.  Rhizomes and plants cling to machinery and are in this way dispersed over the field.  

Soil fumigation is highly effective, but will seldom eliminate yellow nutsedge. This is even the case for methyl bromide. In the clean up of severe infestations one can make a good start with soil fumigation, especially on very homogeneous well structured, deep soils(Rotteveel and Naber, 1987).

Chemical control is possible, but there are only few effective active ingredients available.  Glyfosate is effective but lacks selectivity and persistence. It should be used at double the normal dose.  Six applications in a season gave a very high degree of control, but did not eliminate yellow nutsedge (Keeley et al. 1985; Rotteveel and Naber, 1993)

S-metolachlor is the most important selective herbicide available but is unfortunately only selective in a few crops. However, in maize it is the basis for highly effective control when lightly incorporated into a moist soil. Bentazone with oil has good contact action, but the effect is short-lived. (Godinho et al. 1984; Rotteveel and Naber, 1986, 1988; Rotteveel et al. 1993). Nicosulfuron has a good effect and is selective in maize; its value in eradication programmes is not known.

One should note that the reason for the increase in importance of nutsedges in the world was the large- scale use of herbicides in agriculture. Practically all herbicides are also selective in nutsedges. Competing weeds were well controlled and nutsedge could conquer the field. It is very important to choose weed control programmes carefully when yellow nutsedge is present.

Phytosanitary risk

Most of the world already has wide-spread yellow nutsedge infestations, but on a local scale there are many fields still free from this weed. Yellow nutsedge is internationally a non-classified organism without any EPPO status. 

However: Europe north of the Alps and Loire is for the greater part still free from yellow nutsedge. The species is well adapted to invading this area and is expected to have a high potential for economic damage to horticulture. The risk of dispersal through the trade in propagation material is large.

PHYTOSANITARY MEASURES

None have been identified yet for the EPPO region. Extensive experience with phytosanitary measures against Cyperus esculentus have been obtained in the Netherlands. (Naber and Rotteveel, 1986) and were found to be effective. 

These effective measures aimed at containment included the following:

· Prohibit import of nutsedge infested propagation material;

· Identification of infestations (surveys);

· Official declaration of infested status of fields;

· Prohibit the use of infested fields for the production of propagation materials other than seed or cuttings;

· Destruction of infested propagation material.

· Cleaning of machinery used on infested land.

For eradication purposes effective measures did also include:

· A ban of growing all rootcrops on all land declared nutsedge infested;

· Lifting of the declaration after at least three consecutive seasons without any visually presence of nutsedge.

Control strategy for eradication:

Only maize allows the selective use of herbicides necessary for efficacious nutsedge eradication. Only maize offers also the open crop structure necessary for spot treatments in the last eradication phase. Control is through S- metolachlor, as early as possible accompanied by spot treatments with glyphosate. In a later phase, when few nutsedge shoots emerge spot treatments alone can be used. However, almost total general weed free conditions are necessary to work effectively, and the duration of the eradication period might be approximately 20 years in case of heavy infestations.
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