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Plant-parasitic nematodes are one of the important groups of pests on many field crops. Soybean cyst nematode (SCN), root-lesion nematode, lance nematode and root-knot nematode are considered highly aggressive on soybean and can cause significant yield suppression in soybean. One group of the vermiform nematodes, root-lesion nematode (Pratylenchus spp.), is widely distributed in the U.S. and has a wide host range. A study recently conducted in Wisconsin demonstrated that soybean was a good host for reproduction of the root-lesion nematode Pratylenchus penetrans. Initial population densities of this nematode species in fields were negatively related to soybean yield and it caused the yield loss up to 25%, suggesting that the root-lesion nematode can be a serious pest of soybean and should be included in nematode management plans in Wisconsin.
The information on incidence and distribution of vermiform plant-parasitic nematodes in soybean fields in North Dakota was very limited. The objectives of this project were 1) conduct a survey of soybean fields in North Dakota to determine the incidence, abundance and distribution of plant-parasitic nematodes, 2) determine whether economically important nematode species other than soybean cyst nematode was present in North Dakota soybean fields, and 3) determine their relationship with soybean cyst nematode in the major soybean growing regions of North Dakota.
A nematode survey was conducted in 2016 to ascertain the incidence and abundance of plant-parasitic nematodes in soybean fields in North Dakota. We have collected 141 soil samples for nematode analysis from 12 counties including Barnes, Cass, Foster, Griggs, Grand Forks, McLean, Richland, Sargent, Traill, Ward, McHenry, and Stutsman counties. Soil samples were processed and nematodes were extracted from all the samples using standard laboratory protocols. Vermiform (motile) and cyst nematodes (sedentary) were extracted separately from each soil sample (100 cc soil) and then were identified and quantified at the genus level under a microscope. Out of the 141 soil samples, 126 samples (89%) distributed in the 12 counties were found to be infested with plant-parasitic nematodes. 
Nine groups (genera) of plant-parasitic nematodes were detected in these samples including SCN (Figure 1), pin, spiral, stunt, ring, root-lesion, dagger, lance (Figure 2), and stubby root nematodes (Table 1). Among these nematodes, spiral nematode had the highest occurrence frequency (incidence = 47%), stunt and pin nematodes occurred in more than 40% of the surveyed fields, root-lesion nematodes in 30% of the fields, and ring, dagger, lance and stubby root nematodes occurred in less than 10% of the fields (Figure 3). SCN was found in 46% of the fields, and had the highest average population density (2,446 eggs and juveniles per 100 cc soil) followed by pin (457 nematodes per 100 cc soil), spiral (255), stubby root (100), stunt (75), root-lesion (74), dagger (38), lance (38), and ring (20) nematodes (Table 1). These results supported that SCN is a widely spread and dominant nematode pathogen in soybean fields of North Dakota. Among the vermiform nematodes, root-lesion and lance nematodes are considered important and aggressive on soybean, and can cause significant yield reduction. 
The densities of root-lesion nematode and lance nematode detected were as high as 225 and 60 nematodes per 100 cc of soil, respectively (Table 1). High population densities of pin (up to 4,760) and spiral (up to 1,420) nematodes in 100 cc soil were found in some fields. These plant-parasitic nematodes were detected in ND soybean fields, which needs more attention from researchers.
The root-lesion nematodes were identified to the species level using DNA-based diagnostic methods (cloning/sequencing, direct sequencing, species-specific PCR, real-time PCR) and morphological methods. A total of four species of root-lesion nematodes were found in these samples including Pratylenchus neglectus, P. scribneri, and two new, unnamed Pratylenchus species. The root-lesion nematode species P. penetrans has not been detected in the sampled fields. The specimens of two new species were submitted to the nematology taxonomist Dr. Zafar Handoo (USDA-ARS Nematology Laboratory, Beltsville, MD) for species identification and confirmation. Importantly, the populations of these new root-lesion nematode species were found to have increased greatly on roots of the soybean cultivar Barnes in greenhouse experiments. Further tests are needed to evaluate the effect of these two root-lesion nematode species on soybean plant growth and grain yield.  
In addition, 7 other nematode groups were identified to species using DNA-based and/or morphological methods. The lance nematode we found was identified as Hoplolaimus stephanus, the stubby root nematode as Paratrichodorus allius, the dagger nematode as Xiphinema americanum, the spiral nematode as Helicotylenchus microlobus, the pin nematode as Paratylenchus nanus, the ring nematode as Mesocriconema curvatum, and the stunt nematode as Bitylenchus maximus. 
[bookmark: _GoBack]Among these nematode species, six species are new species that haven’t been reported before from soybean fields in North Dakota. Four first reports describing the discovery of new species were prepared and published in Journal of Nematology and Plant Disease, including the two unnamed root-lesion nematode species, lance nematode H. stephanus, and spiral nematode H. microlobus. The H. stephanus nematode has never been reported in the northern U.S. This species mainly has been reported in the southeastern U.S. and was found to be the most predominant lance nematode species on soybean in North Carolina. The H. microlobus nematode was reported as one of the most commonly observed spiral nematodes in soil samples in Minnesota, and all soybean cultivars tested except Hawkeye were rated as hosts. However, the effects of these new nematode species from ND on soybean growth and yield are unknown and needed to be examined in the future. 
Correlation analysis was performed to evaluate the relationship between SCN and other plant-parasitic nematodes. Both SCN juveniles from soil and SCN eggs from cysts were counted for all the samples, and they had a good correlation (r = 0.59) (Table 2). The total number of SCN was strongly correlated with the SCN eggs from cysts (r = 0.97). Poor or no correlations between population densities of each group of vermiform nematodes and SCN were observed, with correlation coefficient (r) ranging from - 0.24 to 0.29 (Table 2).
This research provided baseline information on the incidence, density and distribution of plant-parasitic nematodes in soybean fields in North Dakota and their relation with soybean cyst nematode. Such information is important to help farmers be aware of nematode species and population levels in the infested fields to make the best management strategies for controlling these nematode diseases to increase soybean yield. 
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Figure 1. Brown cysts of soybean cyst nematode (A), and eggs and juveniles from a cyst (B). 
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Figure 2. An adult female of vermiform lance nematode isolated from an infested soybean field in North Dakota. 



Figure 3. Occurrence frequency (incidence) of plant-parasitic nematodes in 141 soil samples collected from soybean fields in 12 counties in North Dakota.  


Table 1. Population densities of plant-parasitic nematodes in 100 cc of soil from 141 soil samples collected from soybean fields in 12 counties in North Dakota. 
	Nematode common name
	Nematode scientific name
	Lowest 
density
	Highest 
density
	Average*
density

	Lesion
	Pratylenchus
	15
	225
	74

	Pin
	Paratylenchus
	16
	4,760
	457

	Spiral 
	Helicotylenchus
	15
	1,420
	255

	Stunt
	Tylenchorhynchus
	5
	525
	75

	Stubby root
	Paratrichodorus
	40
	160
	100

	Dagger
	Xiphinema
	16
	100
	38

	ance 
	Hoplolaimus
	15
	60
	38

	Ring
	Mesocriconema
	20
	20
	20

	SCN
	Heterodera glycines
	15
	17,236
	2,446


*Average density of nematodes from positive soil samples only.




Table 2.  Relationship of plant-parasitic nematodes with soybean cyst nematode in 141 soil samples collected from soybean fields in 12 counties in North Dakota.
	Relation
	Correlation coefficient (r)
	P value

	Lesion vs total SCN
	0.17
	0.0386

	Pin vs total SCN
	- 0.24
	0.0048

	Spiral vs total SCN
	0.29
	0.0004

	Stunt vs total SCN
	- 0.10
	0.2438

	Stubby root vs total SCN
	0.12
	0.1728

	Dagger vs total SCN
	- 0.17
	0.0402

	Lance vs total SCN
	- 0.10
	0.2310

	Ring vs total SCN
	- 0.02
	0.8493

	SCN eggs vs total SCN
	0.97
	<0.0001

	SCN juveniles vs total SCN
	0.69
	<0.0001

	SCN juveniles vs SCN eggs
	0.59
	<0.0002
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