
Louisiana State University
LSU Digital Commons

LSU Master's Theses Graduate School

11-7-2017

Incidence of Aphelenchoides besseyi in Rice in
Louisiana and Host Status of the Most Widely
Planted Cultivars
Felipe Mendes Carvalho Godoy
Louisiana State University and Agricultural and Mechanical College, fgodoy@agcenter.lsu.edu

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses

Part of the Plant Pathology Commons

This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.

Recommended Citation
Mendes Carvalho Godoy, Felipe, "Incidence of Aphelenchoides besseyi in Rice in Louisiana and Host Status of the Most Widely
Planted Cultivars" (2017). LSU Master's Theses. 4336.
https://digitalcommons.lsu.edu/gradschool_theses/4336

https://digitalcommons.lsu.edu?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_theses?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_theses?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/107?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.lsu.edu/gradschool_theses/4336?utm_source=digitalcommons.lsu.edu%2Fgradschool_theses%2F4336&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:gradetd@lsu.edu


 

 

INCIDENCE OF APHELENCHOIDES BESSEYI IN RICE IN LOUISIANA AND HOST 

STATUS OF THE MOST WIDELY PLANTED CULTIVARS  
  

  

  

  

  

  

  

  

  

  

  

A Thesis  

  

Submitted to the Graduate Faculty of the   

Louisiana State University and   

Agricultural and Mechanical College 

in partial fulfillment of the   

requirements for the degree of   

Master of Science  

  

in  

  

The Department of Plant Pathology and Crop Physiology  

  

  

  

  

  

  

  

  

  

  

  

  

  

by  

Felipe Mendes Carvalho Godoy   

B. S., Federal University of Uberlândia, 2014  

December 2017



ii 

 

ACKNOWLEDGMENTS  

   First, I thank God who gave me power, patience and peace to keep pursuing my goal. He 

gave me my health and intelligence to guide my studies; He knows how hard was to stay so far 

away from home during this years but His presence made a difference. I thank my major professor 

Dr. Charles Overstreet, who has always treated me with all his attention, friendship and taught 

much more than science. He is the person who provided me the chance to come to LSU, first as 

intern and after as student. I also thank Dr. Lawrence Datnoff for introducing me to Dr. Overstreet 

and helped with my studies. I will always remember that. Thank you very much Dr. Datnoff and 

Dr. Overstreet. I hope to have an opportunity to help somebody one day as you helped me. I 

extend my gratitude to my committee members Dr. Edward C. McGawley and Dr. Clayton A. 

Hollier, for their help, inputs and advice during this research. I also would like to thank my 

labmates Deborah Xavier-Mis, Manjula Kularathna, Benjamin McInnes and Churamani Khanal, 

for helping me in this research.    

   Thank you my brother Túlio for being so special and supporting me all the time. I want to 

give a different thanks for my mom Márcia and my dad João Luiz. They gave me all I have: my 

character, my pride, my love for life, my happiness. I cannot complain about my parents. Since I 

was born my mom and my dad did their best for me and my brother, and without them I would 

not be where I am today. Mom, Dad, and Túlio you mean everything in this world to me and I 

offer this success for you.  

   I also have a special thank you for my girlfriend Flávia. She has supported me for ten 

years and for the period of this Master’s program was not different. She helped with everything; 

she always had a word of support to keep my focus and not to give up. Thank you Flávia, for 

being so special to me, making me happy and taking care of me.   



iii 

 

   I am thankful to the students, faculty and staff of the Department of Plant Pathology and 

Crop Physiology at LSU. Thank you for your help during these years. 

   I acknowledge my friends from Brazil, even far away they were always sending me 

positive thoughts and helped me a lot. I extend my gratitude to all my family, including aunts, 

uncles and grandmothers. Special thank you for my grandfather Wagner Mendes de Carvalho that 

passed away during my Master`s. He will be always my example of dignity and willpower. 

Unfortunately, he will not be able to see me with this degree, but I am sure that he is looking and 

protecting me!! Somehow you were also part of this success. 

Thank you God for all you have done in my life!  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENTS 

 
ACKNOWLEDGMENTS .............................................................................................................. ii 

LIST OF TABLES .......................................................................................................................... v 

ABSTRACT ................................................................................................................................... vi 

INTRODUCTION........................................................................................................................... 7 

 

MATERIALS AND METHODS .................................................................................................. 12 
Survey of White tip Nematode Infestation of Rice in Louisiana .............................................. 12 

Culturing of Nematodes ............................................................................................................ 12 
Rice Growth under Greenhouse Conditions ............................................................................. 13 
Seed Germination and Seedling Growth Evaluation ................................................................ 14 

Analysis of Data ........................................................................................................................ 15 
Survey of White tip Nematode Infestation of Rice in Louisiana .............................................. 15 

Rice Growth under Greenhouse Conditions ............................................................................. 16 
Greenhouse Experiment 1- Summer to Fall 2016 ..................................................................... 18 
Greenhouse Experiment 2- Spring to Summer 2017 ................................................................ 21 

Seed Germination and Seedling Growth Evaluation ................................................................ 23 

 

DISCUSSION ............................................................................................................................... 28 

SUMMARY .................................................................................................................................. 32 

REFERENCES .............................................................................................................................. 33 

VITA ............................................................................................................................................. 39 

 

 

 

 

 

 

 

 



v 

 

LIST OF TABLES 

1. Incidence of the rice white-tip nematode, Aphelenchoides besseyi, 

in hybrid long grain rice samples from Texas during 2015-2016…………………………….....16   

 

2. Incidence of the rice white-tip nematode, Aphelenchoides besseyi, 

in rice samples from Louisiana during 2015-2016………………………………………………17  

 

3. Reproduction of Aphelenchoides besseyi on nine rice cultivars 

after 15 weeks in a greenhouse environment…………………………………………………….19 

 

4. Effects of Aphelenchoides besseyi on dry weights and plant heights 

of cultivars of medium and long grain rice and long grain hybrids after 

19 weeks in greenhouse environment from summer to fall 2016………………………………..20  

 

5. Effects of Aphelenchoides besseyi on dry weights and plant heights of 

cultivars of medium and long grain rice and long grain hybrids after 

19 weeks in greenhouse environment from spring to summer 2017……………………………..22 

 

6. Effects of Aphelenchoides besseyi on rice seed germination after 7 days 

at 30 C...………………………………………………………………………………………….24 
 

7. Growth parameters of rice seedlings after 15 days in a greenhouse 

environment for plants inoculated and not inoculated with Aphelenchoides 

besseyi…………………………………………………………………………………..………..25 

 

8. Growth parameters of rice seedlings after 15 days in Cyg germination 

pouches in the laboratory for plant inoculated or not inoculated with Aphelenchoides 

besseyi............................................................................................................................................27 

 

 

 

 

 

 

 

 

 



vi 

 

ABSTRACT 

 Aphelenchoides besseyi, the causal agent of white tip disease of rice, has been considered 

a minor pest of rice during the past 50 years in the United States. Recently this nematode has been 

found in a number of quarantine samples in Louisiana and Arkansas. Objectives of this research 

were to determine incidence of this nematode in commercial seed sold to producers in Louisiana 

and to determine the host status of major cultivars currently produced in the state. During 2015-

2016, a total of 216 seed samples representing 3 medium grain, 18 long grain, and 4 long grain 

hybrid cultivars were examined for A. besseyi. The nematode was detected in 12% of the samples 

and the highest incidence occurred on long grain hybrids with 30% of the 63 samples infested. 

Nineteen-week-duration greenhouse studies were conducted to evaluate reproduction of the 

nematode and pathogenicity to three medium, three long grains, and three long grain hybrid rice 

cultivars currently popular in Louisiana. Reproductive values of A. besseyi ranged from 11.9 to 

2.9 for medium grain cultivar Jupiter and long hybrid XL 753, respectively. Grain weights of 

Jupiter, CL 111 and XL 753 plants inoculated with A. besseyi were significantly reduced below 

those of non-inoculated controls. There were significant reductions in plant height for all cultivars, 

except the long grain cultivar CL 152. Plant weights of Jupiter, CL 111, CL 152, XL 745 and XL 

753 plants were reduced significantly when inoculated with A. besseyi. Germination and seedling 

growth studies conducted in the laboratory and greenhouse indicated that A. besseyi had a negative 

effect of 27% on percentage of seeds germinating of medium grain Jupiter. However, the nematode 

had a significant negative impact of 0.64 on average on the rate of germination for all cultivars 

except the medium grain Caffey.  
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INTRODUCTION 

  

 Rice (Oryza sativa) is one of the world’s most important cereal crops, serving as a major 

source of calories for more than half of the world’s population (Skamnioti and Gurr, 2009). Most 

of the world’s rice production and consumption come from Asia where population densities are 

high, with China and India ranking as the top producers and consumers (USDA, NASS 2017). In 

2017, the United States produced approximately 10 billion kg of rice on 1,004,430 hectares, 

averaging 8,638 kg per hectare in yield, and ranking as the fifth highest rice exporter in the world 

(USDA, NASS 2017). 

 Louisiana has been growing this crop for over 300 years and is the third largest producer 

in the U.S. with 13% of total production (Childs, 2016; USDA, NASS 2017). In Louisiana, rice is 

one of the top five most economically important crops, with 173,205 hectares harvested area and 

a total value of $298 million (USDA, NASS 2016). Most of the rice produced in Louisiana belongs 

to the long grain type, which corresponds to 85% of the crop production while the remaining 15% 

is medium grain (USDA, NASS 2016). 

 According to the International Rice Research Institute (2004), rice yield losses of 10% are 

due to nematodes. There are several genera and species of parasitic nematodes that are parasitic 

on rice. McGawley and Overstreet (1998) listed white tip nematode (Aphelenchoides besseyi), rice 

stem nematode (Ditylenchus angustus), the root nematode (Hirschmanniella spp.), rice cyst 

nematodes (Heterodera oryzae; H. oryzicola; H. elachista; H. sacchari) and lesion nematodes 

(Pratylenchus zeae and P. indicus) as species of economic importance on rice. Plant parasitic 

nematodes associated with rice can be divided into two groups, according to their parasitic habits: 

foliar and root parasites. All rice nematodes cause certain mechanical damage and/or some 
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disturbance on the physiological processes involved in plant development, resulting in poor growth 

and yield loss (Bridge et al., 2005).   

 Aphelenchoides besseyi, the causal agent of white tip disease is one of the most important 

nematodes on rice. This pathogen was first reported in Japan by Kakuta (1915) and was first found 

in the United States in 1935 by Jodon, but damage was attributed to a nutrient deficiency. Since A. 

besseyi is seed-borne and can be disseminated with grain or seed rice, this disease is becoming 

important on rice due to its quarantine importance (Khan et al., 2012). In addition, yield losses of 

up to 60% due to A. besseyi have been extensively reported from diverse infested regions (Bridge 

et al., 2005). According to previous research, when this nematode is present in rice fields, yield 

reductions were as high as 71% in USSR (Tikhonova, 1966), 60% in India (Muthukrishnan et al., 

1974) and Japan (Tamura and Kegasawa, 1959) and 54% in the USA (Atkins and Todd, 1959) on 

susceptible cultivars. Hung (1959) reported yield losses of 29-36% among 10 susceptible cultivars 

surveyed in Taiwan. The economic damage threshold of this nematode was determined to be 300 

live nematodes per 100 seeds (Bridge et al., 2005). 

 Usually, the common names of plant diseases are based on the induced symptoms. With A. 

besseyi, the most characteristic symptom of infection is the whitening of the young leaf tips, 

followed by necrosis and shredding of leaves tips (Yoshii and Yamamoto, 1950). In the rice field, 

the beginning of the elongation is the stage that the white tip symptoms generally appear. Rice 

plants attacked by this foliar nematode may also produce other symptoms such as stunting, 

reduction in height and presence of small panicles, with fewer spikelets and filled grain (Ou, 1985). 

Other common symptoms described in severe infections are twisting of flag-leaf and reduction of 

seed swelling (Yoshii and Yamamoto, 1950; Todd and Atkins, 1958). According to Liu et al. 

(2008), other symptoms have been reported, such as small grains and erect panicles. 
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 The presence of A. besseyi in the seed can reduce viability and retard germination (Tamura 

and Kegasawa, 1959). When infested rice seed is planted, the nematode becomes active and will 

move to the rice meristematic areas during tillering. Aphelenchoides besseyi feeds ectoparasitically 

on the buds of the shoot apical stem (Kyndt et al., 2014). As the plant grows, the nematodes move 

in a film of moisture to the leaves, where they prefer the rice leaf tips, causing the whitening 

symptom mentioned above (Bridge et al., 2005). Later, the nematode migrates to the emerging 

panicle, toward the spikelets before anthesis and feed on embryos, ovaries, and stamens (Huang 

and Huang, 1972). Aphelenchoides besseyi is also able to move from leaf to leaf if the proper 

moisture exists and can severely injury the rice plant (Lambert and Bekal, 2002). Once established 

within the seed, the nematode enters a state of anhydrobiosis where it can remain for as long as 

three years (Bridge et al., 2005). Another characteristic of this nematode genus is that individuals 

can also feed facultatively on fungi (Kyndt et al., 2014). 

 Since A. besseyi is a seed-borne pathogen, the best way to prevent dispersal of this 

nematode is to disinfest the seed. Prasad and Varaprasad (1992) reported that soaking seed in a 

0.2% solution of mancozeb followed by methyl bromide fumigation for 2 h at 30°C totally killed 

the nematode with no negative effect on seed viability. Another method for controlling white tip 

disease through seed treatment is immersion in hot water. Yoshii and Yamamoto (1951) obtained 

some control by soaking nematode-infested rice seed in water at below 20°C for 16-20 hours 

followed by immersion at 50°C for 5-10 minutes or immersion of dry seeds in water 56-57°C for 

10-15 minutes. Injury to the seeds occurred only at 60°C for more than 20 minutes. Different 

chemical seed treatments have been used as effective control measures for A. besseyi. These 

include malathion and nicotine sulphate (Anonymous, 20and 16). Benomyl was able to 

significantly reduce populations of white tip nematodes when used as a seed treatment (Gergon 
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and Prot, 1993; Templeton et al., 1971). Tenente and Manso (1994) have also reported 

thiabendazole as an effective seed treatment. However, they also found that carbofuran and 

aluminum phosphate fumigation were not as efficient as chemical seed control. McGawley et al. 

(1984) also found that Phostoxin, which is used to treat stored rice for insects, significantly reduced 

A. besseyi in rice seed.  

 Aside from chemical seed treatments, other possible management strategies for A. besseyi 

in rice are resistant cultivars and cultural practices. In order to manage the nematode population, 

farmers can combine two or more management strategies. One of the most common and effective 

management combinations is host-plant resistance plus nematicides. Examples of this strategy in 

other crop/nematode combinations include cotton (Schrimsher et al., 2014), potato (Roberts, 1993; 

Trudgill, 1987), and soybean (Schmitt, 1991). According to Roberts (1993), the use of nematicide 

and resistant soybean cultivars followed by a nonhost crop reduces nematode population to 

insignificant levels for susceptible soybean cultivars. Oka (2014) evaluated the nematicidal 

activity of fluensulfone in vitro against several migratory nematodes. Of these, A. besseyi was 

affected by 8 mg L-1, the highest concentration used. Cho et al. (1987) reported that effective 

methods for managing A. besseyi in rice were seed disinfectant before seeding and carbofuran 3% 

G on the day before transplanting or the combination of seed disinfectant and water surface 

application of carbofuran 3% G at early stages of injury. Lee et al. (1972) also found that soaking 

seed in several insecticides effectively controlled A. besseyi prior to planting as well as root dipping 

in Sumithion 50% EC, Lebaycid 50% EC, and the nematicide Nemagon 80% EC. 

 Resistance to A. besseyi is genetically carried by the Japanese cultivar Asahi (Nishizawa, 

1953) and has been described from India (Rao et al., 1986), Brazil (Oliveira, 1989), Russia 

(Popova et al., 1994), and Italy (Giudici et al., 2003). Only 1% of the 1,003 cultivars tested by 
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Popova et al. (1994) were highly resistance when inoculated with A. besseyi. In the past 40 years 

in the U.S., Fortuna, Nira, Bluebonnet and Rexoro were the major cultivars with resistance that 

have been used as the precursors for breeding (De Waele, 2002). Atkins and Marchetti (1959) 

stated that most short and medium grain cultivars were not resistant to white tip nematode, while 

the long grain ones were reported as resistant. Currently, there are no reports evaluating resistance 

and susceptibility in current cultivars against white tip nematode in Louisiana. 

 Another strategy for white tip disease includes cultural practices. Elimination of inoculum 

source such as infested seeds, debris and weeds is an efficient approach (Ravichandra, 2008). 

According to Yoshii and Yamammoto (1951), rice sown before the regular planting time could 

possibly avoid nematode infestation. Cleaning of weeds, stubble and debris from the previous crop 

(Vuong, 1969) or direct seeding into water (Cralley, 1956) are also cultural practices that reduce 

infection by A. besseyi. Although these practices have their restrictions, they are a good and 

inexpensive choice for producers (Ou, 1985).  

  During the past several years, seed of rough rice samples submitted to both Louisiana and 

Arkansas nematology labs for quarantine purposes have detected numerous infestations by A. 

besseyi (Sullivan et al., 2016). Since the presence of any A. besseyi in these samples results in 

rejection of those rice seed, exporters have been experiencing costly delays in shipping. Also, a 

number of rice cultivars are known to show no visible symptoms of damage from A. besseyi and 

infestations could go unrecognized (Feng et al., 2013; Jamali et al., 2008; Pei et al., 2012). 

Therefore, the objectives of the present study were (i) to determine the current level of rice seed 

infestation with Aphelenchoides besseyi in Louisiana, (ii) to evaluate the response of common rice 

cultivars and hybrids to inoculation with A. besseyi in a greenhouse environment and (iii) to 

determine if the nematode impacts germination and early growth of rice cultivars and hybrids. 
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MATERIALS AND METHODS 

Survey of White tip Nematode Infestation of Rice in Louisiana  

This research was conducted during the 2015-2016 growing season to evaluate rice seed 

across common cultivars or hybrids for A. besseyi incidence. Samples of rice seed were obtained 

from the State Seed Testing Laboratory of the Department of Agriculture and Forestry. These 

samples represented certified seed that was produced for commercial sale in Louisiana. Long grain 

hybrids that were produced in Texas for sale to producers in Louisiana were also included. A total 

of 216 samples, representing 25 different cultivars were examined. All rice seed was processed by 

a modified Baermann funnel technique in order to estimate occurrence and population levels of A. 

besseyi (Hooper, 1990). A 25 g subsample of rice seed was placed into a blender containing 100 

mL of water and agitated for three seconds, three times. The resultant slurry was concentrated by 

passage through a 500-mesh sieve and placed in a Baermann funnel. After 24 hours, each sample 

was removed from the funnel and counted at 40x with an inverted microscope.  

  

Culturing of Nematodes 

Rice seed infested with A. besseyi was obtained from Mer Rouge in Morehouse parish, LA 

and used as the original source of nematodes. The nematodes were surface-disinfested with 3% 

H2O2 for 10 minutes, washed with distilled water, and added to actively growing cultures of 

Botrytis cinerea. The fungus was originally isolated from symptomatic strawberry fruit and grown 

on potato dextrose agar (PDA) at 25°C in darkness (Liu et al., 2008; Yoshida et al., 2009). When 

the mycelium reached one third of the petri dish area at approximately 6 d, 500 mixed life stages 

of A. besseyi in 1 ml of sterile water were added using a sterile pipette (McGawley et al., 1985). 
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After inoculation, the infested cultures were incubated for 4 weeks at 25°C in darkness to increase 

populations (Liu et al., 2008). Nematodes were extracted from fungus cultures, sterilized with 3% 

H2O2 for 10 minutes and washed with distilled water to eliminate the fungus (Liu et al., 2008). 

These nematodes were used as inoculum in all greenhouses experiments.  

 

Rice Growth under Greenhouse Conditions 

Rice cultivars employed included three medium grain (CL 271, Caffey, and Jupiter), three 

long grain (CL 111, CL 151, and CL 152), and three long grain hybrids (XL 729, XL 745, and XL 

753). These cultivars are currently the most widely planted in Louisiana. Seven seed of each 

cultivar were planted to a depth of 2-3 cm in plastic pots (Pricefalls LLC, Las Vegas, NV) with 

dimensions of 25.5 cm diameter by 23 cm depth,  containing 3.0 kg of steam sterilized soil (61% 

sand, 21% clay and 18% silt). After germination, plants were thinned to 1 per pot. After 30 days, 

a 1 ml suspension containing 500 nematodes of A. besseyi, a mixture of females, males and 

juveniles, was placed between the leaf sheath and culm with a hypodermic syringe. Control plants 

received an equivalent aqueous suspension without nematodes (McGawley et al., 1984; Togashi 

and Hoshino 2003). To avoid spread of the nematode from inoculated to non-inoculated plants the 

experiment was arranged as a 9 x 2 x 6 randomized split-plot design representing the nine cultivars 

x two inoculum levels of A. besseyi with six replications. Pots were submerged in water to simulate 

paddy conditions until 100% of the paddy seeds became straw yellow color, after 135 days. One 

hundred ml of water-soluble Miracle-Gro (Scotts Company LLC, Marysville, OH) fertilizer (24-

8-16) was applied every 14 days according to label rates. At the conclusion of each trial, weights 

of dry shoots, roots, panicles and plants (root plus shoot plus panicle), filled and total grain and 

100-seed weights, plant height (distance from the soil surface to the base of the tallest panicle) and 
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nematode numbers per 100 seed were determined. A 10 g subsample of rice seed from each plant 

was processed for A. besseyi as described above.  

 

Seed Germination and Seedling Growth Evaluation 

Seeds of cultivars harvested from the first and second greenhouse studies were used to 

determine the effect of the nematode on seed germination. Seed from the second study were used 

for seedling growth experiments. Two hundred twenty seed were collected from each nematode-

inoculated and non-inoculated plant representing the nine cultivars and both greenhouse trials for 

a total of 3,960 seed. Three thousand and six hundred seed were used in in-vitro seed germination 

tests and 360 from the second greenhouse study were used for evaluation of early seedling growth 

and vigor. Seed germination was evaluated by placing 10 seed from nematode inoculated plants 

into each of five 9 cm-diam plastic Petri dishes lined with a double layer of Whatman No. 1 filter 

paper and moistened with 5 ml of sterile water (Vibhuti et al., 2015). For comparison, five dishes 

of seed from non-inoculated plants of each cultivar were also established. Plates were maintained 

in a Thermo Scientific Model 3740 incubator (Thermo Forma, Marietta, OH) at 30 °C with a 12 h 

light/dark cycle (Moldenhauer and Slaton, 2005). Seed was considered as germinated when the 

radicle reached 2 mm in length. Seed germination rate was calculated according to protocol of 

Ellis and Roberts (1981). Nematodes were extracted from infested seeds after germination by 

soaking in distilled water for 15 hr (Zuckermann et al., 1990).  

  Sterile Cyg germination pouches (Mega International, West St. Paul, MN) with dimensions 

of 16.5 cm by 18 cm were employed to evaluate vigor of seedlings from seed of A. besseyi-

inoculated and non-inoculated plants of the nine cultivars. Ninety seed representing inoculated and 

non-inoculated plants of each of the nine cultivars were employed for this test. A single seed was 
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placed into the center of the planting-ridge of the germination paper contained in each clear, 

polyethylene pouch. A total of 90 pouches were required to represent 5 replications of inoculated 

and non-inoculated seed of the nine cultivars. Pouches were watered daily with distilled, pH 

neutral water and maintained under fluorescent lighting and ambient laboratory temperatures of 

25-30°C. Root, shoot and final plant length/height and seedling fresh weights were determined 

after 15 days (Vibhuti et al., 2015). A similar experiment was conducted in a greenhouse to 

evaluate seedling vigor of the inoculated and non-inoculated seed in a soil environment. In this 

15-day-duration study, plastic cone containers (SC-10 super cell, Stuewe and Sons, Tangent, OR) 

with dimensions of 3.8 cm diameter by 21 cm long, containing 175 g of steamed soil were planted 

with seed from inoculated and non-inoculated plants of the 9 cultivars as described above for 

growth pouches. 

  

Analysis of Data   

Except for the greenhouse experiments, all other studies were established as randomized 

block designs with five replications and repeated once. Data obtained from all studies were 

analyzed using Statistix 9 (Analytical Software, Tallahassee, FL) program and examined by 

Fischer`s LSD test at the 0.05 level.  

RESULTS 

Survey of White tip Nematode Infestation of Rice in Louisiana 

White tip nematode was found in 25 samples representing medium, long grain, and long 

grain hybrid of rice. Nineteen of the infested samples were from hybrids from outside of Louisiana 

(Table 1). Among these hybrids, the long grain hybrid XL 729 showed the greatest percent 

infestation at 70% and the highest number of A. besseyi at 288 nematodes per 25 g of seed. In 
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contrast, only six seed samples from Louisiana were infested with A. besseyi (Table 2). However, 

85% of these infested cultivars represent the cultivars most commonly grown in Louisiana. Only 

20% of infested rice samples were medium grain type and the other 80% were long grain cultivars. 

Table 1. Incidence of the rice white-tip nematode, Aphelenchoides besseyi, in hybrid long grain 

rice samples from Texas during 2015-2016.  

Hybridz 
Grain 

type 

Number of 

samples 

assayed 

Number of samples 

containing A. 

besseyi 

% infested 

seed 

A. besseyi per 25 g of 

seed (range) 

XL 729 Long 10 7 70 106 (2-288) 

XL 745 Long 22 7 32  27 (2-160) 

XL 753 Long 19 3 16  61 (2-160) 

XL 760 Long 12 2 17  90 (4-176) 
z All hybrids were obtained from the Louisiana Seed Testing Laboratory of the Department of 

Agriculture and Forestry, Baton Rouge. 

 

Rice Growth under Greenhouse Conditions 

Reproduction data for Aphelenchoides besseyi were combined over the two full season 

experiments. However, rice growth parameters were analyzed separately since the experiments 

were conducted in different seasons and years. 

Data from both full season trials indicated that all cultivars tested were, in nematological 

terms, hosts of the nematode since the numbers recovered after 15 weeks were greater than the 

500 per plant inoculation level (Table 3). The cultivar Jupiter supported the highest number, 871 

per 100 seed, of A. besseyi and this was significantly greater than the 571, 569, 384, 342, 309, 211 

and 141 per 100 seed recovered from CL 111, Caffey, XL 729, CL 152, CL 271, CL 151 and XL 

753, respectively. A total of 645 A. besseyi per 100 seed were recovered from XL 745 and this was 

not significantly than the 871 from Jupiter. Reproductive values of the nematodes, ranged from 

2.9 for XL 753 to 12.0 for Jupiter. Cultivars representing all grain types supported both the highest 

and the lowest levels of A. besseyi. 
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Table 2. Incidence of the rice white-tip nematode, Aphelenchoides besseyi, in rice samples from 

Louisiana during 2015-2016.  

 

Cultivarz 

Grain 

type 

Number of 

samples 

assayed 

Number of samples 

containing A. 

besseyi 

% 

infested 

seed 

A. besseyi per 25 g 

of seed (range) 

Caffey Medium 3 0 0 0 

Catahoula Long 4 0 0 0 

Cheniere Long 21 0 0 0 

CL 111 Long 32 2 6.3 15 (2-28) 

CL 151 Long 17 0 0 0 

CL 152 Long 4 1 25 38 

CL 153 Long 2 0 0 0 

CL 161 Long 1 0 0 0 

CL 163 Long 2 0 0 0 

CL 271 Medium 7 2 28.5 11 (2-20) 

CL 272 Long 2 0 0 0 

Cocodrie Long 3 0 0 0 

Della-2 Long 1 0 0 0 

Jazzman Long 2 0 0 0 

Jazzman-2 Long 2 0 0 0 

Jupiter Medium 23 0 0 0 

Mermentau Long 23 0 0 0 

Pirogue Long 1 1 100 4 

Sabine Long 1 0 0 0 

Toro-2 Long 1 0 0 0 

Wells Long 1 0 0 0 
z All cultivars were obtained from the Louisiana Seed Testing Laboratory of the Department  

of Agriculture and Forestry, Baton Rouge. 
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Greenhouse Experiment 1- Summer to Fall 2016 

 Although data of Table 3 showed the highest reproduction rate for A. besseyi on Jupiter 

plants, the nematode did not, relative to non-inoculated controls, negatively impact grain, root, 

shoot, or plant weights or plant height (Table 4). Similar results were observed for other two 

medium grain cultivars, CL 271 and Caffey.  

Among the long grain rice cultivars, CL 111 and CL 152, plant growth parameters were 

negatively affected by A. besseyi. Inoculated plants of CL 111 were 11% shorter and had 51 and 

29% lower root and plant weights, respectively, than the non-inoculated control. The same trend 

was observed for inoculated plants of CL 152; which were 8% shorter than controls and had 

reductions in root weights of 48% and plant weights averaging 18%.  The cultivar CL 151 

supported moderate nematode reproduction; but, like CL 271, was not significantly affected by 

the nematode.  

Long grain hybrids were damaged significantly by A. besseyi. With the nematode-

inoculated hybrid XL 745, significant 32% and 24% reductions were observed in shoot and plant 

weights, respectively. Hybrid XL 729 also had significantly reduced shoot weights of 25% and 

was 10% shorter than the non-inoculated plants. With the cultivar XL 753, there was a significant 

higher grain weight for the inoculated plants, 12.9 and 19.6 g for the control and inoculated, 

respectively. This result did not occur in the second test. 
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Table 3. Reproduction of Aphelenchoides besseyi on nine rice cultivars after 15 weeks in a 

greenhouse environmentv.  

Cultivarw Grain typex   A. besseyi per 100 seedy A. besseyi per plant R valuesz 

Jupiter Medium  871 a   5,976 a 12.0 

XL 745 Long Hybrid    645 ab   5,275 a 10.6 

CL 111 Long    571 bc     4,394 ab 8.8 

Caffey Medium    569 bc       4,055 abc 8.1 

XL 729 Long Hybrid    384 cd       3,911 abc 7.8 

CL 152 Long      342 cde              2,889 bcd 5.8 

CL 271 Medium    309 de      2,032 cd 4.1 

CL 151 Long     211 de    1,603 d 3.2 

XL 753 Long Hybrid  141 e    1,428 d 2.9 

v There were no significant experiment by treatment interactions and data were combined over two 

full season trials and are means of 12 replications. 
w Most widely planted commercial cultivars and hybrids of rice used in Louisiana in 2015. 
x The most common grain types planted in Louisiana in 2015. 
y Within columns, means followed by the same letters are not significantly different according to 

Fisher’s LSD test (P<0.05). 
z Nematodes per 10 g of seed were determined and multiplied by the total seed yield from each 

plant to estimate the Reproductive (R= total nematodes per plant / total nematodes per plant 

inoculation level of 500 A. besseyi) value.   
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 Table 4. Effects of Aphelenchoides besseyi on dry weights and plant heights of cultivars of medium and long grain rice cultivars and 

long grain hybrids after 19 weeks in greenhouse environment from summer to fall 2016w. 

Cultivar/ 

Grain typex 

       Grain (g)y          Root (g)          Shoot (g)          Plant (g)   Height (cm) 

   Cz     I      C     I      C     I       C     I      C    I 

CL 271 – M 15.1 a 11.0 a 
 

15.7 a 11.9 a 
 

16.9 ab 13.3 ab 
 

47.8 a 36.9 a 
 

71.3 a 69.2 a 

Caffey – M 13.8 a  11.4 a 
 

21.2 a 17.2 a 
 

17.8 a 12.1 ab 
 

52.4 a 36.5 a 
 

71.4 a 71.4 a 

Jupiter – M 13.1 a 11.8 a 
 

14.3 a 14.1 a 
 

15.6 ab 11.3 b 
 

43.0 a 37.4 a 
 

74.1 a 70.0 a 

CL 111 – L 12.3 bc 11.6 c 
 

16.8 a   8.3 bc 
 

20.6 a 16.1 a 
 

49.7 a 35.5 c 
 

77.0 a 68.9 bc 

CL 151 – L 16.4 ab 14.0 abc 
 

  8.3 bc   5.9 c 
 

19.1 a 18.3 a 
 

43.8 ab 39.0 bc 
 

76.8 a 72.9 ab 

CL 152 – L 17.8 a 13.0 abc 
 

14.4 ab   7.5 c 
 

18.3 a 18.4 a 
 

47.2 a 38.6 bc 
 

72.9 ab 67.0 c 

XL 729 – LH 19.5 a 17.6 ab 
 

13.3 b 13.7 b 
 

24.2 a 18.1 bc 
 

56.7 a 47.1 abc 
 

91.0 a 81.6 b 

XL 745 – LH 16.8 ab 15.0 ab 
 

20.3 a 15.6 ab 
 

21.4 ab 14.6 c 
 

54.5 ab 41.3 c 
 

79.3 bc 74.2 c 

XL 753 - LH 12.9 b 19.6 a   14.8 ab 15.7 ab   17.9 bc 19.1 b   45.1 bc 51.8 ab   80.4 bc 80.4 bc 

w Data are means of six replications per treatment. Plant material was dried at 30°C - 35°C for 2 weeks and plant height was measured 

at harvest. 

x Most widely planted commercial cultivars and hybrids in Louisiana in 2015. M (Medium grain cultivars), L (Long grain cultivars),   

and LH (Long grain hybrids) the most common grain types planted in Louisiana in 2015. 

y Within grain types and control and inoculated treatments, means with common letters are not significantly different according to 

Fisher’s LSD test (P<0.05). 

z C indicates the non-inoculated control and I indicates inoculation with 500 vermiform life stages of A. besseyi. 
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Greenhouse Experiment 2- Spring to Summer 2017 

Unlike results from the first greenhouse experiment in which plants were grown from 

summer to fall, medium grain rice plants grown from spring to summer were damaged 

significantly by A. besseyi (Table 5). With the cultivar Jupiter, A. besseyi significantly reduced 

grain weight by 30%, plant weight by 20% and plant height by 17%. For the other two medium 

grain types, CL 271 and Caffey, significant 7% and 12% decreases in plant height were observed, 

respectively. Among the inoculated plants, there was also a significant decrease in plant height. 

The height of Jupiter plants was on average 5 cm less than those of CL 271 and Caffey.  

The nematode also had a significant negative effect on the growth of the long grain rice 

plants. With inoculated Cl 111 plants, a significant 15% reduction in yield was observed and with 

CL 151 inoculated plants were significantly shorter than controls, with final heights of 63.5 and 

68.7 cm, respectively. Plant measurements collected for inoculated CL 152 were not significantly 

different from those of the non-inoculated control.  

With the long grain hybrids, A. besseyi caused significant reductions in both grain and plant 

weights as well as plant height. The inoculated hybrid XL 753 had significant 8.3 g and 20 g lower 

grain and plant weights, respectively and, on average, were 9 cm shorter than non-inoculated 

plants. Plant height data for XL 729 and XL 745 indicated a significant reduction in inoculated 

plants of 13% and 10%, respectively.  
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Table 5. Effects of Aphelenchoides besseyi on dry weights and plant heights of cultivars of medium and long grain rice and long grain 

hybrids after 19 weeks in greenhouse environment from spring to summer 2017w. 

Cultivar/ 

Grain typex 

       Grain (g)y           Root (g)         Shoot (g)            Plant (g)       Height (cm) 

   Cz     I      C     I      C     I        C        I      C    I 

CL 271 – M 22.9 abc 19.7 c 
 

14.3 a 14.0 a 
 

22.2 a 20.6 a 
 

 59.5 ab   54.4 ab 
 

72.0 a 66.7 b 

Caffey – M 26.2 ab 20.1 bc 
 

16.4 a 15.9 a 
 

23.9 a 19.6 a 
 

 66.7 a   55.8 ab 
 

73.0 a 64.6 b 

Jupiter – M 28.9 a 20.2 bc 
 

16.4 a 13.4 a 
 

20.4 a 18.6 a 
 

 65.9 a   52.4 b 
 

73.4 a 60.7 c 

CL 111 – L 27.4 a 23.3 b 
 

11.7 b 10.5 b 
 

20.9 ab 18.9 ab 
 

 60.2 a   53.3 ab 
 

66.9 ab 62.8 b 

CL 151 – L 22.3 b 20.0 b 
 

11.8 bc 10.9 b 
 

18.4 ab 16.6 b 
 

 52.8 ab   47.8 b 
 

68.7 a 63.5 b 

CL 152 – L 23.0 b 20.9 b 
 

15.7 a 14.5 a 
 

22.5 a 20.7 ab 
 

 61.2 a   56.4 ab 
 

65.5 ab 64.6 ab 

XL 729 – LH 30.0 bc 27.9 c 
 

16.7 a 14.9 a 
 

23.9 a 23.2 a 
 

 68.9 bc   66.6 bc 
 

69.2 b 60.1 c 

XL 745 – LH 37.5 a 30.9 abc 
 

16.5 a 15.6 a 
 

25.0 a 23.6 a 
 

 79.1 ab   70.4 abc 
 

75.1 a 67.5 b 

XL 753 - LH 35.7 ab 27.4 c 
 

17.2 a 13.9 a   28.5 a 22.3 a 
 

 83.3 a   63.2 c   75.6 a 66.6 b 

w Data are means of six replications per treatment. Plant material was dried at 30°C - 35°C for 2 weeks and plant height was measured 

at harvest. 

x Most widely planted commercial cultivars and hybrids in Louisiana in 2015. M (Medium grain cultivars), L (Long grain cultivars), 

and LH (Long grain hybrids) the most common grain types planted in Louisiana in 2015.  

y Within grain types and control and inoculated treatments, means with common letters are not significantly different according to 

Fisher’s LSD test (P<0.05). 

z C indicates the non-inoculated control and I indicates inoculation with 500 vermiform life stages of A. besseyi.  
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Seed Germination and Seedling Growth Evaluation 

The germination percentages of infested and non-infested rice seeds from the first 

greenhouse study were not significantly different for any of the cultivars or grain types (Table 6). 

In contrast, the germination rate was significantly reduced by the presence of the nematode on the 

cultivars CL 271, Jupiter, CL 151, CL 152, XL 745 and XL 753. Numbers of A. besseyi per seed 

at the end of the experiment varied among the cultivars with highest incidence of 7.5 per seed 

found in Jupiter and lowest at 1.1 per seed found in CL 111. Only infested Jupiter seeds from the 

second study, spring to summer, demonstrated that the presence of the nematode significantly 

reduced the germination percentage. The cultivars CL 271, Jupiter, CL 111, XL 729 and XL 753 

however, had lower germination rates than those of controls. There were no significant differences 

in the numbers of A. besseyi extracted from seed with numbers ranging from 2.1 to 14.1 per seed.  

  In the soil environment of the plastic cone-containers, A. besseyi produced a significant 

negative effect on seedling growth of one cultivar of each of the 3 types of grain (Table 7). With 

the infested medium grain Caffey, there was a significant reduction in root length of 1.5 cm and 

root weights of 0.14 g compared with controls. The length of roots of inoculated long grain CL 

111 was significantly shorter by 2.3 cm than that of the control. In contrast to Caffey and CL 111, 

all growth parameters for inoculated long hybrid XL 745 were significantly affected by A. besseyi. 

Root, shoot and plant lengths of the inoculated plants of this long hybrid were significantly reduced 

by 3.7 cm, 6.4 cm and 10.1 cm respectively. Root, shoot and plant weights of this hybrid cultivar 

followed the same trend and were reduced significantly by 0.15, 0.15 and 0.30 g, respectively 

compared with controls. 
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Table 6. Effects of Aphelenchoides besseyi on rice seed germination after 7 days at 30 C w. 

Cultivar/ 

Grain typex 

 Seed (summer to fall experiment) 
  

 Seed (spring to summer experiment) 

 
       Germ. % y    Germ. index Number of A. 

besseyi per 

seed  

       Germ. %    Germ. index 
Number of A. 

besseyi per seed C z I   C    I 
 

   C    I   C   I 

CL 271 – M 90.0 b 90.0 b 4.2 a 2.9 d   4.6 ab 
 

99.0 a 95.0 ab 3.5 a 3.1 b   8.0 a 

Caffey – M 96.0 a 98.0 ab 3.7 b 3.7 bc   2.3 ab 
 

95.0 ab 91.0 ab 3.5 a 3.2 ab   3.2 a 

Jupiter - M   

 

 

 

94.0 ab 

 

 

96.0 ab 3.9 ab 3.4 c 7.5 a 
 

90.0 b 63.0 c 3.0 b 1.9 c 14.1 a 

CL 111 – L 99.0 a 99.0 a 4.3 ab 4.2 b 1.1 b 
 

99.0 a 96.0 a 4.2 a 3.5 c   3.9 a 

CL 151 – L 98.0 a 98.0 a 4.4 a 3.9 c   5.7 ab 
 

98.0 a 96.0 a 3.9 ab 3.7 bc   3.7 a 

CL 152 – L 99.0 a 98.0 a 4.5 a 3.8 c   3.9 ab 
 

98.0 a 99.0 a 3.9 ab 3.7 bc   3.2 a 

XL 729 – LH 97.0 a 98.0 a 4.1 a-c 4.0 bc   2.9 ab 
 

90.0 abc 86.0 c 3.8 b 3.4 c   6.9 a 

XL 745 – LH 99.0 a 99.0 a 4.2 ab 3.9 cd   4.1 ab 
 

97.0 a 96.0 a 4.3 a 4.2 a   2.1 a 

XL 753 - LH 97.0 a 97.0 a 4.4 a 3.7 d   3.9 ab   93.0 ab 86.6 bc 3.8 b 3.5 c   4.0 a 

w Incubator was Thermo Scientific - Model 3740. There were no significant experiment by treatment interactions and data were 

combined over two 7 day duration trials and are means of 10 replications.  
x Most widely planted commercial cultivars and hybrids in Louisiana in 2015. M (Medium grain cultivars), L (Long grain cultivars), 

and LH (Long grain hybrids) the most common grain types planted in Louisiana in 2015.  
y Within grain types and control and inoculated treatments, means with common letters are not significant different according to Fisher’s 

LSD test (P<0.05). Numbers of A. besseyi per seed were analyzed across all three grain types.  

Germ. % = Germination percentage; number of seed where radicle was at least 2 mm in length. Germ. index = Germination index;  

 

determined by   
                                                   

z C indicates seed from non-inoculated control plants and I indicates seed from plants inoculated with A. besseyi. 

Number of germinated seeds +……+ Number of germinated seeds. 

       Day of first count                                Day of last count 

 

∑ 
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Table 7. Growth parameters of rice seedlings after 15 days in a greenhouse environment for plants inoculated and not inoculated with 

Aphelenchoides besseyi w. 

 
w There were no significant experiment by treatment interactions and data were combined over two 15 day duration trials and are means 

of 10 replications. After 2 weeks fresh roots and shoots were weighed and lengths of roots and shoots were determined. 

x Most widely planted commercial cultivars and hybrids in Louisiana in 2015. M (Medium grain cultivars), L (Long grain cultivars), 

and LH (Long grain hybrids) the most common grain types planted in Louisiana in 2015. 

y Within grain types and control and inoculated treatments, means with common letters are not significantly different according to 

Fisher’s LSD test (P<0.05). Plant length and weight was the sum of root plus shoot lengths and weights.  

 z C indicates seed from non-inoculated control plants and I indicates seed from plants inoculated with A. besseyi.  

 

    C
z     I     C     I     C     I    C     I     C     I     C     I

CL 271-M 19.7 ab 19.1 a-c 0.32 ab 0.27 b 27.7 ab 23.1 bc 0.32 a 0.29 ab 47.4 ab 42.3 bc 0.64 a 0.56 ab

Caffey-M 20.0 a 18.5 bc 0.41 a 0.27 b 29.3 a 26.5 ab 0.34 a 0.29 ab 49.3 a 45.1 ab 0.75 a 0.59 ab

Jupiter-M 19.2 a-c 18.2 c 0.31 ab 0.23 b 18.6 cd 16.8 d 0.30 ab 0.22 b 37.9 cd 35.1 d 0.60 ab 0.45 b

CL 111-L 18.3 a 16.0 b 0.30 ab 0.21 b 27.5 ab 22.6 b 0.38 ab 0.31 b 45.8 a 38.6 b 0.67 ab 0.52 b

CL 151-L 19.9 a 18.6 a 0.32 a 0.29 ab 25.6 ab 23.7 ab 0.43 a 0.41 a 45.4 a 42.3 ab 0.75 a 0.70 ab

CL 152-L 19.2 a 18.0 ab 0.39 a 0.28 ab 28.8 a 24.8 ab 0.44 a 0.37 ab 48.0 a 42.8 ab 0.83 a 0.65 ab

XL 729-LH 19.3 a 18.7 a 0.36 ab 0.31 b 21.3 a-c 18.6 c 0.37 bc 0.33 c 40.6 a-c 37.2 c 0.74 bc 0.64 c

XL 745-LH 20.0 a 16.3 b 0.45 a 0.30 b 25.9 a 19.5 bc 0.52 a 0.37 bc 45.9 a 35.8 c 0.97 a 0.67 c

XL 753-LH 19.5 a 18.1 ab 0.43 a 0.36 ab 24.4 ab 20.5 a-c 0.52 a 0.46 ab 43.9 ab 38.6 bc 0.95 ab 0.82 a-c

Cultivar/Grain type
x

Root Shoot Plant

Length (cm)
 y Weight (g) Length (cm) Weight (g) Length (cm) Weight (g)
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  In the sterile soilless Cyg germination pouches, at least one growth parameter for all 

cultivars was negatively influenced by inoculation with A. besseyi (Table 8). For the medium grain 

CL 271, all seedling parameters of the inoculated plants, except root weight, were reduced 

significantly. There were 4.5 cm, 2.6 cm and 7.2 cm decreases in root, shoot and plant lengths in 

comparison with those for non-inoculated seedlings, respectively. Shoot and plant weights were 

also reduced 33% and 30%, respectively. For the cultivar Caffey, A. besseyi had a significant 

negative effect on root weight only, with a 25% reduction compared with the control. For Jupiter, 

all plant growth parameters except root length were negatively impacted by the nematode. Shoot 

and plant heights were reduced by 2.0 cm and 3.7 cm, respectively. Weights of roots, shoots and 

plants were reduced by 37%, 50% and 45%, respectively, compared with control plants. For the 

long grain cultivar CL 111 there was significant 29% lower plant weight for the inoculated plant 

than for the control. The nematode caused a 50% reduction in shoot weight of the cultivar CL 151. 

Inoculated plants of CL 152 showed a reduction in root and plant lengths of 3.9 cm and 5.0 cm 

respectively, compared with the control. There were also 40%, 50% and 43% reductions in root, 

shoot and plant weights of inoculated CL 152 compared with control plants. The long grain hybrid 

XL 729 had a significant 33% reduction in only shoot weight relative to the control. Inoculated 

long hybrid XL 745 showed reductions of 3.0 and 4.7 cm in root and plant lengths respectively 

compared with non-inoculated plants. Significant decreases of 33%, 50% and 44% were observed 

for root, shoot and plant weights, respectively, when compared with controls. Shoot and plant 

weights of XL 753 were both reduced by 33% by A. besseyi.  
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Table 8. Growth parameters of rice seedlings after 15 days in Cyg germination pouches in the laboratory for plant inoculated or not 

inoculated with Aphelenchoides besseyi w. 

 
w There were no significant experiment by treatment interactions and data were combined over two 15 day duration trials and are means 

of 10 replications. After 2 weeks fresh roots and shoots were weighed and lengths of roots and shoots were determined. 

x Most widely planted commercial cultivars and hybrids in Louisiana in 2015. M (Medium grain cultivars), L (Long grain cultivars), 

and LH (Long grain hybrids) the most common grain types planted in Louisiana in 2015. 

y Within grain types and control and inoculated treatments, means with common letters are not significantly different according to 

Fisher’s LSD test (P<0.05). Plant lengths and weights were, respectively, the sums of root plus shoot lengths and weights.  

 z C indicates seed from non-inoculated control plants and I indicates seed from plants inoculated with A. besseyi.  

 

 

    C
z     I     C     I     C     I    C     I     C     I     C     I

CL 271-M 14.4 a   9.9 b 0.07 ab 0.06 bc  7.3 a  4.7 cd 0.03 a 0.02 bc 21.7 a 14.6 c 0.10 ab 0.07 d

Caffey-M 13.4 a 13.6 a 0.08 a 0.06 bc  5.8 ab  7.0 ab 0.02 bc 0.02 ab 19.2 ab 20.6 a 0.09 a-c 0.08 bc

Jupiter-M 13.8 a 12.0 ab 0.08 a 0.05 c  5.7 bc  3.7 d 0.02 ab 0.01 c 19.5 a 15.7 bc 0.11 a 0.06 d

CL 111-L 10.0 ab   9.7 ab 0.05 ab 0.04 bc  9.6 a  8.7 ab 0.02 a 0.02 ab 19.6 a 18.4 a 0.07 a 0.05 bc

CL 151-L 13.0 a 10.6 ab 0.05 ab 0.06 a  7.3 a-c  7.4 a-c 0.02 a 0.01 bc 20.3 a 18.0 ab 0.07 ab 0.07 a

CL 152-L 11.6 a   7.7 b 0.05 ab 0.03 c  6.3 bc  5.3 c 0.02 ab 0.01 c 17.9 a 13.0 b 0.07 a 0.04 c

XL 729-LH 12.3 ab  10.1 b 0.05 ab 0.05 ab  7.4 a  7.0 a 0.03 a 0.02 bc 19.7 ab 17.1 b 0.08 ab 0.07 bc

XL 745-LH 13.4 a  10.4 b 0.06 a 0.04 b  8.4 a  6.7 a 0.02 ab 0.01 c 21.8 a 17.1 b 0.09 ab 0.05 c

XL 753-LH 11.4 ab  10.5 b 0.06 a 0.05 ab  7.4 a  7.8 a 0.03 a 0.02 c 18.8 ab 18.3 ab 0.09 a 0.06 c

Cultivar/Grain type 
x

Root Shoot Plant

 Length (cm)
 y Weight (g) Length (cm) Weight (g) Length (cm) Weight (g)
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DISCUSSION 

Even though the white tip nematode is established in most rice growing areas across the 

world, it has been reported as only a minor problem in the U.S. (Tulek et al., 2014). In the past 5 

years, white tip nematode has been found in high numbers in quarantine samples for shipment 

overseas from the Arkansas Nematode Diagnostic Service and the Louisiana Nematode Advisory 

Service (Sullivan et al., 2016). Although the incidence of A. besseyi in this survey was only 12%, 

this percentage was 7% higher compared to a prior assay in Louisiana reported by McGawley et 

al. in 1984. Tulek and Çobanoglu (2010) in a survey conducted in rice growing areas of Turkey 

during two years (2007 and 2008) reported higher numbers of seeds infested with A. besseyi than 

the present study. According to these authors, 16.3% of the samples were infested with A. besseyi 

in 2007, and in the following year this number increased to 43%.  

  In the greenhouse inoculation tests reported herein, all cultivars supported sufficient 

nematode reproduction to be classified as hosts. However, McGawley et al. (1984) reported that 

seven of ten rice cultivars studied were rated as non-hosts, since the estimated numbers of A. 

besseyi were consistently below the inoculum levels. In this study, Jupiter and the long hybrid XL 

745 had the greatest reproductive values for population development of the nematodes, 12.0 and 

10.6, respectively. Tulek et al. (2014) indicated that under field conditions, the rice cultivar 

Halilbey was the most susceptible to A. besseyi showing a reproductive value of 8.4. Moreover, 

the cultivar Asahi had the lowest multiplication rate (2.0) compared to other three cultivars that 

supported nematode reproduction in the study by Tulek (2016). In our study, the cultivar with the 

lowest reproductive value was 2.9 and occurred with the long grain hybrid XL 753. 

  There are several reports describing yield losses caused by A. besseyi. Earlier studies 

indicate a decrease of 6.6, 17.5 and 49% in seed weight in the U.S. during different years in the 
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1950`s (Atkins and Todd, 1959), whereas a reduction from 10 to 30% was observed in an 

experiment conducted in Japan (Yamada and Shiomi, 1950). Tulek and Çobanoglu (2010) reported 

a loss as high as 58% for the susceptible cultivar Halilbey. In our greenhouse study, A. besseyi 

significantly reduced rice yield by 30% on the medium grain Jupiter, 23% on the long hybrid XL 

753 and 15% on the long grain CL 111. According to Fukano (1962), significant plant damage 

does not occur until nematode levels reach 30 live nematodes per 100 seeds. In our greenhouse 

studies, the average number of A. besseyi per 100 seed across all cultivars was 449. This number 

is significantly higher than that reported by Fukano. Tulek et al. (2014) also observed similar high 

levels, 409 A. besseyi from 100 seeds.  

  Although all inoculated rice plants used in this research supported reproduction of A. 

besseyi, only cultivars from one medium grain, two long grain, and two hybrids showed significant 

decreases in plant weights compared with control plants. Respectively, these 3 inoculated cultivars 

and 2 inoculated hybrids averaged 26% and 24% reductions in plant weights. Similar results were 

observed by McGawley et al. (1984), in which the inoculated cultivar Melrose had a significant 

reduction of 22% in plant weight. In the present study, there were significant differences in the 

heights of inoculated and non-inoculated plants for all cultivars except long grain CL 111. 

Inoculated plants belonging to the medium grain type averaged 9.2 cm shorter than controls 

whereas inoculated long hybrids and long cultivars averaged 8.8 cm and 5.6 cm shorter, 

respectively.  Liu et al. (2008) observed a significant reduction in heights of rice plants with 

increasing inoculum concentrations from 0 to 800 A. besseyi per plant. According to these authors, 

plant height for the 0, 100, 400 and 800 inoculum levels of the nematode averaged 63.9, 60.5, 57.3 

and 50.3 cm respectively. 
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  Feng et al. (2013) reported that, in a greenhouse environment, most inoculated plants 

showed no symptoms of A. besseyi inoculation, yet nematodes were recovered from the seeds in 

high numbers. Pei et al. (2012) suggested that there was no correlation between white-tip symptom 

and A. besseyi reproduction. In both of these greenhouse studies, there were no signs of white-tip 

symptoms on the flag leaves of any of the inoculated plants. This phenomenon is referred to as 

‘‘masked symptom’’ and has been described in many experiments with rice cultivars (Rao and 

Rao, 1979; Zhu and Wu 1986; Jamali et al., 2008). However, symptoms of nematode damage were 

observed in the present greenhouse experiment on the medium grain Jupiter, long grain CL 152 

and long hybrid XL 753. These symptoms were expressed as small and unfilled grains with a 

black-brown coloration. Although, Jamali and Mousanejad (2011) mentioned that infested rice 

plants may not exhibit any typical symptoms, similar patterns of symptoms were reported by Liu 

et al. (2008) and McGawley et al. (1984). 

  Rahim (1998) reported that rice seed infested with A. besseyi are capable of germination. 

Herein, A. besseyi reduced the seed germination percentage only once on the inoculated medium 

grain cultivar Jupiter. The average mean number of A. besseyi per seed was 4.0 in the experiment 

using seed from summer to fall 2016 and 5.4 with seed from spring to summer 2017 experiment. 

Togashi and Hoshino (2001) and Ma et al., (2000) have counted 2.0 and 4.2 A. besseyi per seed in 

Japan and China, respectively.  According to Ferris (1999), emergence from the seed bed of 

severely infested seedlings was delayed.  

  Since all the cultivars tested in our research support substantial numbers of nematodes, the 

question is why has this nematode not become more of a recognized problem in the U.S.? The use 

of insecticides either during seed storage or seed treatment could be impacting the incidence of A. 

besseyi. McGawley et al. (1984) reported that insecticide Phostoxin has nematicidal properties and 
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this chemical is commonly applied in seed storage. As a seed chemical treatment, thiamethoxan 

and chlorantriprole are currently the most commonly used insecticides in Louisiana (M. Stout per. 

comm., 2017). It is unknown as to whether these chemicals have any nematicidal activity against 

A. besseyi. Metalaxyl and fludioxonil are fungicidal seed treatments used in Louisiana. Benomyl 

has also been reported to be somewhat effective as a seed treatment but must be applied during the 

infestation stage (Gergon and Prot, 1993). Gergon and Prot (1993) also reported that benomyl was 

not effective when applied at tillering or panicle initiation. Azoxystrobin and propicanazole are 

two of the most frequently applied fungicides in Louisiana rice areas to manage some of serious 

diseases associated with this crop (Hollier et al., 2017). It is unclear of the role that fungicides or 

insecticides may have in limiting the spread and development of A. besseyi as a major pathogen in 

rice in the U.S.A. 
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SUMMARY 

  Important conclusions from the research reported herein include: i) most of the rice 

cultivars produced in Louisiana and released to farmers are relatively free of A. besseyi, ii) 

cultivars that are currently planted in Louisiana are hosts of the nematode and can cause significant 

damage and yield loss without displaying symptoms typical of white-tip disease and iii) A. besseyi 

can cause a marked delay in germination of rice seed and retard seedling growth and establishment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 

 

REFERENCES 

Anonymous. 2016. Invasive species compendium, Aphelenchoides besseyi. Online. 

http://www.cabi.org/isc/datasheet/6378 (Accessed: 15 March 2016). 

 

Atkins, J. G., and E. H. Todd. 1959. White tip disease of rice. III. Field tests and varietal resistance. 

Phytopathology 49:189-191. 

 

Atkins, J. G., and M. A. Marchetti. 1959. Rice diseases. United States Department of Agriculture. 

Farmer’s bulletin number 2120. Online. https://babel.hathitrust.org (Accessed: 19 January 

2016). 

 

Bridge, J., R. A. Plowright, and D. Peng. 2005. Nematode parasites of rice. Pp. 87-129 in Luc. M., 

J. Bridge and R. A. Sikora (eds.).  Plant parasitic nematodes in subtropical and tropical 

agriculture, 2nd ed. Wallingford, UK: CAB International Publishing. 

 

Childs, N. 2016. Rice, US News Media Resources. USDA, Economic Research Service; 

Washington DC. Online. https://www.ers.usda.gov/topics/crops/rice/background/ (Accessed: 

10 January 2016). 

 

Cho, S. S., M. J. Han, J. S. Yang. 1987. Control of rice white-tip nematode (Aphelenchoides 

besseyi C.) by seed-disinfectant and in the paddy field. Korean Journal of Plant Protection 

26:107-11. 

 

Cralley, E. M. 1956. A new control measure for white tip. Arkansas Farm Research, 5:5. 

 

De Waele, D. 2002. Foliar nematodes Aphelenchoides species. Pp. 141-151 in J. L. Starr, R. Cook 

and J. Bridge (eds.). Plant Resistance to Parasitic Nematodes. Wallingford, UK: CAB 

International Publishing. 

 

Ellis, R. H., and E. H. Roberts. 1981.  The quantification of ageing and survival in orthodox seeds. 

Seed Science and Technology 9:377-409. 

 

Feng, H., L. H. Wei., M. S. Lin, and Y. J. Zhou. 2013. Assessment of rice cultivars in China for 

field resistance to Aphelenchoides besseyi. Journal of Integrative Agriculture 13:2221-2228. 

 

Ferris, Howard. 1999. Aphelenchoides besseyi. Online. http://plpnemweb.ucdavis.edu/nemaplex/ 

(Accessed: 15 August 2017). 

 

Fukano, H. 1962. Control method against rice white tip disease. Nogyo Oyobi Engei 37, 689-692. 

 

Gergon, E. B., and J. C. Prot.  1993. Effect of benomyl and carbofuran on Aphelenchoides 

besseyi on rice. Fundamentals of Applied Nematology 6:563-566. 

 

http://www.cabi.org/isc/datasheet/6378
https://babel.hathitrust.org/
https://www.ers.usda.gov/topics/crops/rice/background/


34 

 

Giudici, M. L., B. Villa, A. M. Callegarin, and L. Tamborini. 2003. White tip disease in Italian 

rice. Proceedings of the 3rd International Temperate Rice Conference, Punta de l’Este, 

Uruguay. 

 

Hollier, C., R. Singh, C. A. Clark, C. Overstreet, M. L. Ivey, J. Sidhu, T. P. Price III,J. W. Hoy, B. 

G.  Padgett, M. H. Ferguson, and D. E. Groth. 2017. Louisiana plant disease management 

guide. Louisiana State University Agricultural Center. Pub 1802. Pp 326. 

 

Hooper, D. J. 1990. Extraction and Processing of Plant and Soil Nematodes. Pp. 45-68 in M Luc,., 

R. A. Sikora and J. Bridge (eds.). Plant Parasitic Nematodes in Subtropical and Tropical 

Agriculture. Wallingford, UK: CAB International Publishing. 

 

Huang, C. S., and S. P. Huang. 1972. Bionomics of white-tip nematode, Aphelenchoides besseyi, 

in rice florets and developing grains. Botanical Bulletin of Academia Sinica 13:1–10. 

 

Hung, Y. P. 1959. White tip disease of rice in Taiwan. Plant Protection, Bulletin Food and 

Agriculture Organization of the United Nations 1:1-6. 

 

Hoshino, S. and Togashi, K. 2000. Effect of water-soaking and air-drying on survival of 

Aphelenchoides besseyi in Oryza sativa seeds. Journal of Nematology, 32:303-308. 

 

International Rice Research Institute. 2004. Nematodes parasites of rice. Online. 

http://books.irri.org/Nematode_Parasites.pdf (Accessed: 11 February 2016). 

 

Jamali. S., E. Pourjam, A. Elizadeh, and F. Alinia. 2008. Incidence and distribution of 

Aphelenchoides besseyi in rice areas in Iran. Journal of Agricultural Technology 2: 337-344. 

 

Jamali, S., and S. Mousanejad. 2011. Resistance of rice cultivars to white tip disease caused by 

Aphelenchoides besseyi Christie. Journal of Agricultural Science and Technology 7:441-447. 

  

Jodon, N. E. 1934. Improving rice varieties. Pp. 15-18 in Louisiana Rice Experimental Station 

Biennial Report, LSU agcenter, Crowley, LA. 

 

Kakuta, T. 1915. On black grain disease of rice. Journal of Plant Protection. Tokyo 2:214-218. 

 

Khan, M. R., Z. A. Handoo, U. Rao, S. B. Rao, and S. B. Prasad. 2012. Observations on the foliar 

nematode, Aphelenchoides besseyi, infecting tuberose and rice in India. Journal of 

Nematology 44:391-398. 

 

Kyndt, T., D. Fernandez, and G. Gheysen. 2014. Plant-parasitic nematode infections in rice: 

molecular and cellular insights. Annual Review of Phytopathology 52:135-153. 

 

Lambert, K., and S. Bekal. 2002. Introduction to plant-parasitic nematodes. The Plant Health 

Instructor.Online.http://www.apsnet.org/edcenter/intropp/pathogengroups/pages/intronemat

odes.aspx (Accessed: 19 January 2016). 

http://books.irri.org/Nematode_Parasites.pdf.
http://www.apsnet.org/edcenter/intropp/pathogengroups/pages/intronematodes.aspx
http://www.apsnet.org/edcenter/intropp/pathogengroups/pages/intronematodes.aspx


35 

 

Lee, Y. B, J. S. Park, and S. C. Han. 1972. Studies on the chemical control of white-tip nematode, 

Aphelenchoides besseyi Christie, before transplanting. Korean Journal of Plant Protection 

11:37-40. 

 

Liu, W. H., M. S. Lin, H. M. Li, and M. J. Sun. 2008. Dynamic development of Aphelenchoides     

besseyi on rice plant by artificial inoculation in the greenhouse. Agricultural Sciences in China 

7:970-976. 

 

Ma, Q. J., Z. C. Hou, W. Z. Liu, and Y. X. Duan. 2000. The study of Aphelenchoides besseyi on 

rice seeds. Liaoning Agricultural Science 1:7-9. 

 

McGawley, E. C., M. C. Rush, and J. P. Hollis. 1984. Occurrence of Aphelenchoides besseyi in 

Louisiana rice seed and its interaction with Sclerotium oryzae. Journal of Nematology 16:65-

68. 

 

McGawley, E. C., K. L. Winchell, J. P. Jones, W. Birchfield, and G. T. Berggren. 1985. Population 

development and influence of Bursaphelenchus xylophilus on Gliocadium virens. Journal of 

Nematology 17:69-76. 

 

McGawley, E. C., and C. Overstreet. 1998. Nematode parasites of rice and other cereals. Pp. 455-

486 in K. R. Barker, G. A. Pederson and G. L. Windham, Eds. Monograph on Plant-Nematode 

Interactions. Madison, WI: American Society of Agronomy Press. 

 

Moldenhauer, K., and N. Slaton. 2005. Rice growth and development. Pp. 9-12 in N. Slaton, (Ed). 

Rice Production Handbook. Cooperative Extension Service, University of Arkansas, Little 

Rock, AR. 

 
Muthukrishnan T. S., G. Rajendran, and J. Chandrasekaran. 1974. Studies on the white-tip 

nematode of rice, Aphelenchoides besseyi, in Tamil Nadu. Indian Journal Nematology 7:8-

16. 

 

Nishizawa, T. 1953. Studies on the varietal resistance of rice plants to the rice nematode disease 

‘Senchu shingare byo’ (V1). Bulletin of the Kyushu Agricultural Experimental Station 1:339–

349. 

 

Oliveira, J. V. 1989. Avaliação da resistência de quatro genotipos de arroz irrigado ao nematoide 

Aphelenchoides besseyi, Christie, 1942. Agronomia Sulriograndense 25:11–18. 

 

Oka, Y. 2014. Nematicidal activity of fluensulfone against some migratory nematodes under 

laboratory conditions. Pest Management Science 70: 1850–1858. doi:10.1002/ps.3730. 

 

Ou, S. H. 1985.  Diseases caused by nematodes. Pp. 337-346 in S. H Ou, 2 ed. Rice Diseases. 

Wallingford, UK: CAB International. 

 

Prasad, J. S., and K. S. Varaprasad. 1992. Elimination of white-tip nematode, Aphelenchoides 

besseyi from rice seed. Fundamental and Applied Nematology 15:305-308. 



36 

 

Pei, Y. Y., X. Cheng, C. L. Xu, Z. F. Yang, and H. Xie. 2012. Virulence of part populations of 

Aphelenchoides besseyi on rice in China. Chinese Journal of Rice Science 26:218-226. 

 

Popova, M. B., G. L. Zelenskii, and S. A. Subbotin. 1994. An assessment of resistance in cultivars 

of Oryza sativa L. to Aphelenchoides besseyi Christie, 1942. Russian Journal of Nematology 

2:41–44. 

 

Rahim, M. A. A. 1988. Nematodes associated with paddy seeds in Malaysia. Plant-Proceedings 

1988, No. 3, 187-199. In: Proceedings of the symposium, Movement of pests and control 

strategies. Kuala Lumpar, Malaysia, 16-17 December, 1987. 

 

Rao, Y. S., and J. Rao. 1979. Etiology of the white-tip nematode disease in rice. Indian National 

Science Academy, Part B 2:193-197. 

 

Rao, Y. S., J. S. Prasad, and M. S. Pandwar. 1986. Nematode problems in rice crop losses, 

symptomatology and management. Pp. 279–299. in G. Swarup and D. R. Dasguspta (eds.). 

Plant Parasitic Nematodes of India, Problems and Progress. New Delhi, IND: Indian 

Agricultural Research Institute. 

 

Ravichandra, N. G. 2008. Nematode diseases of crop plants. Pp. 330-333 in Plant Nematology. 

New Delhi, IND: I.K. International House. 

 

Roberts, P. A. 1993. Future of nematology - integration of new and improved management 

strategies. Journal of Nematology 25:383-394. 

 

Sasser, J. N. and D. W. Freckman. 1987. A world perspective on nematology: The role of the 

society. Pp.7-14 in J. A. Veech and D. W. Dickson (eds.). Vistas on Nematology. Society of 

Nematologists, Hyattsville, MD. 

 

Schrimsher, D. W., K. S. Lawrence, R. B. Sikkens, and D. B. Weaver. 2014. Nematicides enhance 

growth and yield of Rotylenchulus reniformis resistant cotton genotypes. Journal of 

Nematology 46:365-375. 

 

Skamnioti, P., and S. J. Gurr. 2009. Against the grain: safeguarding rice from rice blast disease. 

Trends in Biotechnology 27:141-150. 

 

Sullivan, K, D. M. Xavier-Mis, R. J. Bateman, C. Overstreet, and T. L. Kirkpatrick. 2016. White 

tip nematode findings in Arkansas and Louisiana rice. Journal of Nematology 48:374. 

 

Tamura, I., and K. Kegasawa. 1959. Ecological study on the rice nematode Aphelenchoides besseyi 

Christie. V. Normal growth of rice plants and harvest losses due to the rice nematode. 

Japanese Journal Ecology 9:120-124. 

 

Tenente, R. C., and E. S. Manso. 1994. Tratamentos químico e térmico de sementes de Arroz 

infestadas com Aphelenchoides besseyi. Nematologia Brasileira 18:28-34. 

 



37 

 

Templeton, G. E., T. H. Johnston, and J. T. Daniel.  1971. Benomyl controls rice white tip disease. 

Phytopathology 61:1522-1523. 

 

Tikhonova, L. V. 1966. Aphelenchoides besseyi Christie, 1942 (Nematoda: Aphelenchoididae) on 

rice and method of control. Zoologicheskii zhurnal. 45:1759-1766. 

 

Todd, E. H., and J. G. Atkins. 1958. White tip disease of rice. I. Symptoms, Laboratory Culture of 

Nematodes and Pathogenicity Test. Phytopathology 48:632-637. 

 

Togashi, K., and S. Hoshino. 2001. Distribution pattern and mortality of the white tip nematode, 

Aphelenchoides besseyi (Nematoda: Aphelenchoididae), among rice seeds. Nematology 3:17-

24. 

 

Togashi, K., and S. Hoshino. 2003. Trade-off between dispersal and reproduction of a seed-borne 

nematode, Aphelenchoides besseyi, parasitic on rice plants. Nematology 5:821-829. 

 

Tulek, A. 2016 Effect of white-tip nematode, Aphelenchoides besseyi, on grain yield and yield 

traits of some japonica rice cultivars under field conditions. Nematropica 46:8-13. 

 

Tulek, A., and S. Çobanoglu. 2010. Distribution of the rice white tip nematode, Aphelenchoides 

besseyi, in rice growing areas in Thrace region of Turkey. Nematologia Mediterranea 38:215-

217. 

 

Tulek, A., S. S. Ates, K. Akin, H. Surek, R. Kaya, and I. Kepenekci. 2014. Determining yield 

losses in rice cultivars resulting from rice white-tip nematode Aphelenchoides besseyi in field 

condition. Pakistan Journal of Nematology 32:149-154. 

 

United States Department of Agriculture National Agriculture Statistics Services. 2016 Quickstat. 

Online. https://www.ers.usda.gov/data-products/rice-yearbook/riceyearbook/#U.S. Acreage, 

Production, Yield, and Farm Price (Accessed: 26 January 2016). 

 

United States Department of Agriculture National Agriculture Statistics Services. 2017 Quickstat. 

Online. https://www.ers.usda.gov/webdocs/publications/84341/rcs-17g.pdf?v=42930 

(Accessed: 8 October 2017). 

 

Vibhuti, C. S., K. Bargali, and S. S. Bargali. 2015. Seed germination and seedling growth 

parameters of rice (Oryza sativa) varieties as affected by salt and water stress. Indian Journal 

of Agricultural Sciences 85:102-108.  

 

Vuong, H. H. 1969. The occurrence in Madagascar of the rice nematodes, Aphelenchoides besseyi 

and Ditylenchus angustus. Pp. 274-288 in J. E. Peachey (ed). Nematodes of Tropical Crops. 

Technical Communication No. 40. Commonwealth Bureau of Helminthology, St Albans. 

England, UK. 

 

Yoshii, H., and S. Yamamoto. 1950. A rice nematode disease ‘Senchu Shingare byo’. I. Symptoms 

and pathogenic nematode. II. Hibernation of Aphelenchoides oryzae. III. Infection course of 

https://www.ers.usda.gov/data-products/rice-yearbook/riceyearbook/#U.S. Acreage, Production, Yield, and Farm Price
https://www.ers.usda.gov/data-products/rice-yearbook/riceyearbook/#U.S. Acreage, Production, Yield, and Farm Price


38 

 

the present disease. IV. Prevention of the present disease. Journal of the Faculty of 

Agriculture, Kyushu University 9:209-233; 289-310. 

 

Yoshii, H., and S. Yamamoto. 1951. On some methods for the control of rice nematode disease. 

Science Bulletin of the Faculty of Agriculture, Kyushu University 12:123-131. 

 

Yamada, W., and Shiomi, T. 1950. Studies on the rice white tip disease. II. Disease control with 

special reference to rice seed disinfection. Special Bulletin, Okayama Prefecture Agricultural 

Experiment Station, 47:1-8. 

 

Yoshida, K., K. Hasegawa, N. Mochiji, and J. Miwa. 2009. Early embryogenesis and anterior-

posterior axis formation in the white-tip nematode Aphelenchoides besseyi (Nematoda: 

Aphelenchoididae). Journal of Nematology 41:17-22. 

 

Zhu, C. H., and H. Z. Wu. 1986. A survey of the ‘‘masked symptom’’ caused by Aphelenchoides 

besseyi in paddy fields. Jiangsu Agricultural Sciences, 26. 

 

Zuckermann, B. M., W. F. Mai, and M. B. Harrison. 1990. Plant nematology: Laboratory manual. 

University of Massachusetts Agricultural Experimental Station, Amherst, MA, U.S.A.   

 

 

 

 

 

 

 

 



39 

 

VITA 

Felipe Mendes Carvalho Godoy, younger son of Joao Luiz Monteiro de Godoy and Marcia de 

Carvalho Lopes Godoy, was born in 1990 in Uberlandia, Minas Gerais, Brazil. He graduated from 

Federal University of Uberlandia in 2014 with a Bachelor of Science degree in agronomy 

engineering. In 2015, he joined Louisiana State University to work on his Master’s degree under 

the supervision of Dr. Charles Overstreet. During his time at graduate school, he was an active 

member of the Plant Pathology and Crop Physiology Graduate Student Association, serving as trip 

and social committee members. While he was a graduate student, he attended different national 

and international meetings to present the findings of his research. In 2017, he received first place 

in the student competition in the 50º Organization of Nematologists of Tropical America (ONTA) 

held in Mayaguayez, Puerto Rico. He will receive the Master of Science degree in plant pathology 

and crop physiology in December, 2017.   

 

  


	Louisiana State University
	LSU Digital Commons
	11-7-2017

	Incidence of Aphelenchoides besseyi in Rice in Louisiana and Host Status of the Most Widely Planted Cultivars
	Felipe Mendes Carvalho Godoy
	Recommended Citation


	tmp.1510527607.pdf.0iOqb

