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CHAPTER I

INTRODUCTION

The assay for root-lesion nematode, Pratylenchus brachyurus, popu-

lations in soil of Oklahoma peanut fields has become an important aspect
of the advisory services offered to Oklahoma peanut growers by the
Oklahoma State University Extension Service.

The farmers are becoming more aware of plant parasitic nematodes
and the damage they cause. There is an urgent need for development of
more efficient sampling and extracting technidues to aid the advisory
personnel in making accurate nematode control recommendations and in
supporting judicious chemical use in pest management programs.

Steps in assay procedure for advisory purposes generally involve
sampling, handling, laboratory analyses, and interpreting the results
for the purpose of making control suggestions. The root-lesion nema-
tode, P. brachyurus, is found on many crops and is one of the most de-
structive pests that occurs on peanuts in Oklahoma. This nematode is
capable of causing both a reduction in yield and quality of the peanuts
produced in infested fields (12). However, it is difficult to accurate-
ly assess the P. brachyurus nematode population in a field on the basis
of soil samples taken during the months of December through June. The
objectives of this study were to determine the location of P. brachyu~
rus nematode populations throughout the year and to find a more effi-

cient means of sampling. Also, the study was designed to determine if



there was migration of the nematode population during the summer months.
Various laboratory procedures and soil analysié methods were tested and
evaluated to determine the most accurate method of detecting the nema-
todes present in the soil samples taken. An accurate procedure of de-
termining the P. brachyurus nematode population during the late winter
and early spring months is needed by advisory personnel to predict crop
season populations, thus aiding the growers in making decisions on the
selection of crops, land use, application of nematicides, and other
practices that might be employed to reduce nematode damage. It is
hoped that this study will provide information needed to develop pro-

cedures to predict the occurrence of the Pratylenchus brachyurus

nematode populations.



CHAPTER 1II
LITERATURE REVIEW

Tylenchus penetrans was described in 1880 by deMann, who was later

given credit for being the first to describe a root-lesion nematode,

Pratylenchus sp. (32). The symptoms caused on the roots and under-

ground fruits by Pratylenchus spp. are generally described as necrotic

dark lesions. These lesions cause a reduction in the quality of the
underground fruit and provide an excellent means of entry for fungal
pathogens that may be present in the soil (2, 12, 26). The distribution

of Pratylenchus spp. is world wide and Pratylenchus brachyurus has a

very wide host range (33,35, 39).

The damage to peanuts being attacked by Pratylenchus nematode spp.

was first reported by Steiner in 1945, and in following years the root-

lesion nematode reported to attack peanuts was described as Pratylenchus

leiocephalus (34). Good described P. leiocephalus as an endoparasitic

nematode that was difficult to recover from peanuts and, for a few years,
populations were thought to be reduced under a peanut cropping program

(11). 1In 1953 Sher and Allen (32) revised the genus Pratylenchus (Nema-

tode: Tylenchidae) and made the nematode described by Steiner as Praty-

lenchus leiocephalus, a synonym of Pratylenchus brachyurus.

Pratylenchus bracyurus nematode was first reported by Struble et,

al. (36) on peanuts in Oklahoma on September 18, 1959. Ten P. brach-

yurus nematode larvae were extracted from peanut pods collected from a



field near Biﬁger, Oklahoma in Caddo county. Upon resampling the field
in the spring of 1960, no P. brachyurus could be recovered from the soil
samples collected (24). P. brachyurus nematode was not reported again
in Oklahoma until October, 1962 and it was again found on peanuts from
a southern Oklahoma peanut field located near Antlers, Oklahoma in
Pushmataha county. Since finding populations of P. brachyurus nématode
in 1962, it has been found in many fields throughout southern Oklahoma's
peanut producing area. At this timé, it is impossible to estimate the
full extent of the P. brachyurus nematode infestation in Oklahoma.

Good, Robertson, and Thompson (l1) in 1954 reported that the nema-

tode P. leiocephalus would build up to a higher infestation level on

corn than on peanuts and suggested that peanuts might even be used in a

crop rotation with corn to reduce P. leiocephalus nematode populations.

However, there was no record of these workers processing the pods and
pegs of the peanut plants for making nematode counts. Endo, (9) working
at North Carolina State University, tested thirty plant species as host
for P. brachyurus nematode and found that populations became very high
on both corn and peanuts. Early studies on P. brachyurus nematode (11)
dynamics have been interpreted that peanuts could be used to lower P,
brachyurus nematode infestation in the soil. Later studies by Good,
Boyle, and Hammons (12) indicated this was an incorrect conclusion be-
cause the earlier studies had been based on the number of nematodes re-
covered from soil and roots. To obtain a more accurate sampling of the
P. brachyurus nematode population, the pods, or shells had to be in-
volved in the extraction technique because the reproduction in shell
tissue is six to eight times greater than in an equal amount of root

tissue. This may be the reason that earlier researchers found low soil



and root populations of P. brachyurus nematodes when extraction tech-
niques were performed on the soil in association with peanut plants.
Research studies on the pods, shells, and pegs of peanut plants have
revealed that these structures are the main source of inoculum for the
nematode P. brachyurus (10, 12, 13, 14, 21, 22) and provide protection
for the root-lesion nematode from chemical fumigation (14, 22).
Research involving the nematode species P. brachyurus relies on
four or five main methods for extracting the nematodes from the soil.,
One of the most widely used, especially in early studies, is the Baer-
mann funnel (1). Another method sometimes used is the Christie and
Perry technique (5), and a technique described by Seinhorst (3l) is per-
haps the most accurate for detailed census work. Centrifuge techniques
describes in 1955 by Caveness and Jensen (4) and modified by several
workers (15,20) have been used to some extent for soil extractions. Ex-
traction of P. brachyurus nematode from roots, pods, and pegs is gener-
ally achieved by two techniques or slight modification of these two
basic procedures. A method termed the Waring blender method was de~
veloped by Taylor (37) and an incubation method which gives excellent
results was developed by Young in 1954 (43). Even though all of these
techniques have been employed, it still remains difficult to extract P.
brachyurus nematodes from soil and/or peanut pods collected from peanut
fields in Oklahoma and Texas with known P. brachyurus nematode infesta-
tions during late winter and spring (38). Peanut shells and pods col-
lected from Oklahoma and Texas peanut fields are an ineffective means
of detecting P. brachyurus, especially if the pods and pegs are found
below the soil surface and have started the decay process (29, 38).

Russell and Shackelford found it difficult to detect and extract P.



brachyurus nematode from pods, pegs, and soil that were collected dur-=-
ing the winter and spring of 1969 from fields with known P. brachyurus
nematode infestations (28, 29).

Willis (42) found that Pratylenchus penetrans nematode reproduction

was greater at pH levels of 5.2 and 6.4. Collins and Rodriguez-Kabana

(6) obtained similar results in their work with Pratylenchus spp. Koen

(18) reported a study in which P. brachyurus nematode larvae were placed
in pH values of 1, 3, 5, 7, and 7.3 (tap water). There were no sig=
nificant differences of larvae left alive in pH levels of 5, 7, and 7.3.
The pH of soil of the peanut fields in Oklahoma range between 4.0 and
8.0, with the majority of the fields in the 5.8 to 6.8 range (40). This
pPH range is well within the range of P. brachyurus nematode activity.

Temperature effects on Pratylenchus nematode spp. have been studied

by several researchers. Soil populations of Pratylenchus penetrans

nematodes were reported to reach their highest levels in the rhizosphere
of strawberry roots in June and root populations reached their highest
number in July. The lowest soil populations were fouhd in January when
the soil temperatures reached freezing or near freezing temperatures
(7). Nevertheless, it was reported by Dunn (8) that the nematode P.
penetrans was capable of embryonic development and maturation at winter

soil temperatures (0 to 3.5 C). It appears that various Pratylenchus

nematode spp. have different soil temperature tolerances. Patterson

and Bergeson (25) found that 30 C was more favorable to P. penetrans
nematode reproduction and activity than 15 or 22,5 C., Kerr and Vythi-
lingam (17) working with the nematode P. loosi found the number of nema-
todes extracted from soil was greatly reduced when the soil temperature

was 27 to 35 C. The number of nematodes in a sample was also found to



feduced in soil stored at temperatures of 31 to 35 C., The tempera-
tures that caused reduction in number during extraction did not cause a
reduction in numbers during storage, but the mobility of the nematodes
was thought to be affected. Feldmesser and Rebois (10) found that

Pratylenchus brachyurus nematodes in roots could survive 2.9 hours per

day for 13 days at 37.8 C. They also found that 25 to 50 percent of P.
brachyurus nematode present in soil populations have the ability to sur-
vive daily exposure periods of 0.6 and 1.2 hours at soil temperatures as
high as 43.3 C.l This ability to survive high soil temperatures was not
lost even at low soil moisture levels of 0.5%t, 0.3% and O percent. This
indicates that P. brachyurus nematode could be spread in dried debris
such as pods, pegs, and roots remaining in the field after harvest. Soil
temperatures at 15 C to 20 C were found to be most favorable for P.
brachyurus nematode by researchers in Georgia (2).

Soil moisture is also an important factor in the activity of P.

brachyurus nematode. Kable and Mai (16) found that Pratylenchus pene-

trans nematode rate of population increase is greatest when soil mois-
ture is at a moderate level and the least amount of population increase
occurs at very low or very high soil moisture levels. Meagher (19)

found in a study involving the nematode species Heterodera avanae,

Pratylenchus minyus, and Tylenchorhynchus brevidens that survival of the

nematode larvae was very low when soil moisture was at field capacity.
When soil in the greenhouse was alternated through a wet and dry cycle
larval emergence was increased. Meagher also reported that P. minyus
nematode had the ability to survive in air dried soil, but he did not
know what the mechanism was for survival. He thought the nematode
species studied in this test were dependent on both soil moisture and

soil temperature before they became active in the soil. Pratylenchus




brachzur;s nematode was found by Brodie and Quattlebaum (3) to produce
its highest numbers when soil moisture was thirty percent. Radewald and
Takeshita (27) reported that P. brachyurus nematodes failed to survive
after four months of dessication in potted field soil with no water or
host plants. However, when pots of the same field soil were maintained
for the same time period and watered regularly, P. brachyurus nematode
survived.

Variation in the number of P. brachyurus nematodes found at differ-
ent depths in the soil has been reported by several workers. In work
done in South Africa (18), involving a loamy sand soil type, the high-
est number of P. brachyurus nematode was found at a depth of 20 to 30
cm. Brodie (3) working in Georgia, reported the highest number of P,
brachyurus nematode was found at a depth of 45 to 90 cm, and soil tem-
peratures of 15 to 20 C. In Oklahoma studies conducted by Russell,
Shackelford, and Morrison (28), it was found that P. brachyurus nematode
populations, at sampling depths of 7.62, 15.24, 30.48, 45.72, and 60.96
cm, during June, July, and December were so low that they could have
easily been missed with commonly used soil sampling procedures. Other
observations made by these workers were that P. brachyurus nematode pop-
ulations were distributed at soil sampling depths below those commonly
suggested by advisory personnel, and that a 100 milliliter aliquot of
soil was not a large enough soil sample to use for diagnostic purposes
when the root-lesion nematode is the target species. Also, it was
stated that the small feeder roots, often left in the field by the samp-
ler or discarded in preference to larger roots, frequently contain the
largest percentage of the recoverable P. brachyurus nematode population.

Wang and Bergeson (41) found that tomato roots infested with the



nematode Meloidogyne incognita, an endoparasite, exude more sugar than

noninfested roots. The exudate from galled roots contained three
sugars, twelve amino acids, and three organic acids, The healthy root
exudate contained the same sugars, amino and organic acids found in the
exudate from galled roots plus one additional sugar, three additional
amino acids, and one additional organic acid. Monoson, et. al. (23) re-
ported their work indicated that nematode trapping fungi produce a nema-
tode attracting substance (NAS) which attracts nematodes (species un-
named) to the fungi. This is not the same as 'nemin', the substance
nematodes produce to stimulate nematode fungi in producing the trapping
structures. They could not identify the substance which attracted the
nematodes on agar to a droplet of NAS, They did not establish what
substance or substances composed the NAS properties. They tested some
known plant hormones and cyclic AMP and found that Indol-3 acetic acid,
kinetin, and gibberellic acid displayed no attraction properties for the
nematodes. Three amino acids were also tested for their NAS properties,
and arginine, alanine, and tryosine demonstrated no nematode attraction
qualities. At this time no work has been reported on the exudates of

plant roots and their nematode attraction properties.



CHAPTER 1III

FIELD PRATYLENCHUS BRACHYURUS POPULATIONS

IN ASSOCIATION WITH TIME AND DEPTH

The main objective of this study was to determine the location of
the root-lesion nematode, P. brachyurus, population in certain soil

horizons throughout the year,

Methods and Materials

Three fields on the Dee Keeton farm located in Marshall county
near Willis, Oklahoma were selected for this study because a detailed
history of a high P. brachyurus nematode infestation was available.

This farm had been used as a test site for nematicide evaluation by the
Plant Pathology Departmenty, Oklahoma State University since 1969,

During this study, which was conducted in 1973, field number 1 was
planted in rye and lespedeza from January to March and had not been
planted in peanuts since 1970. April through July the field was planted
in corn and in late August rye cover crop was planted.

Spanish peanuts were planted in field number 2 on May 21 following
a rye cover crop maintained during the period of January through May 10.
The peanuts were harvested on October 20, 1973. This field had been in
a peanut-rye cover crop rotation since 1968. The thesis sampling area
was. located in a non-treated plot within the 1973 soil nematicide eval-

uation studies carried out by Oklahoma State University. The same area

10
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has been used as nematode evaluation site in 1972, hence the area se-
lected for this study could have received a nematode control treatment
in 1972.

Field number 3 had a cropping history of Spanish peanuts with a
winter cover crop of rye dating back to 1968 and was planted in cotton
the years 1964 through 1967, During this study the field was planted
to rye as a winter cover crop January through May 15 and planted to
Spanish peanuts on May 20 and harvested on October 14, The field, in-
cluding the sampling area, was treated with the nematicide 0, O-Diethyl
0 - (P-(methylsulfinyl) Phenyl) Phosphorothidate, (Dasanit 15 G, 3 lbs.
ai/a), applied at pegging time, and the same rate of nematicide was ap-
plied to this area in 1971 and 1972.

The sampling areas were located in 3 fields and consisted of &
sampling sites in each field with soil samples taken at 5 levels at each
site on 15 sampling dates. Samples were taken monthly January through
April and August through December and bi-monthly during May, June, and
July. The field sampling areas were 36.6 meters long and 3.7 meters
wide. The 4 sampling sites within each area were selected at 0.92 meter
intervals. This was done to prevent the removal of too many peanut
plants from any one area during the sampling.. The 4 sampling sites
within each area were predetermined by numbering the sampling intervals
and then randomly selecting from the odd numbered intervals only. When
row crops were growing in the area the samples were taken from within
the plant rows. During the time peanuts were not in the field, similar
0.92 meter intervals were maintained to keep the sampling sites within
the rows., Hence, 4 rows were sampled on each of the sampling dates.

(I) 0 to 7.62 cm 4, (II) 7.62 to 15.24 cm , (III) 15.24 to 22.86 cm ,
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(Iv) 22.86 to 30.48 cm , and (V) 30.48 to 38.10 cm. Thus, the study
consisted of 3 plot areas. Each area contained 4 sampling sites which
were sampled at 5 depth, resulting in 60 soil samples taken on 15 samp-
ling dates.

The soil sampling procedure consisted of digging a hole approxi-
mately 51 cm in depth and 30 cm in diameter. Soil samples of approxi-
mately 950 milliliters were taken at each of the 5 sampling depths by
removing soil at the various depths from the sides of the hole using a
small garden trowel. Soil temperature readings were taken at each of
the sampling depths by inserting a glass centigrade therometer into the
side of the hole at each sampling depth. The soil was placed in a
marked non-vented polyethylene bag and the samples were taken in a fiber
glass insulated ice chest to prevent over eﬁposure to the sun and for
transport back to the Plant Diagnostic Laboratory at Oklahoma State Uni=-
versity. Soil samples were processed for nematodes within 36 hours of
sampling using a Modified Seinhorst Quick Extraction technique (30) and
soil pH readings made at tﬁis time with a Coleman Model 28B Metrion III
pH Meter on each soil sample. After 24 hours, the samples were decanted
poured into a watch glass and identification and counts of the nematodes

were made using a stereoscopic microscope.
Results and Discussion

Nine hundred soil samples were analyzed for the presence of P.
brachyurus nematode from the 3 sampling areas. Samples analyzed from
area 1 revealed no P. brachyurus nematodes throughout the sampling
period. Therefore, this location will not be reported in the results

of this study. The P. brachyurus nematodes recovered from the soil
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samples taken on 15 sampling dates from field areas 2 and 3, through the
period of January 1 to December 10, 1973, are presented in Tables I and
ITI and depicted in graph-form in Figures 1 and 2.

During the months of December, January, February, March, April,
and May the combined P. brachyurus nematode population recovered from
the two upper sampling depths of 0 to 7.62 cm and 7.62 to 15.24 cm made
up less than 18 percent of the total population found during this
period, Table II1. Higher population levels of P. brachyurus nematode
were found to occur during these months primarily in the lower depths
of 15.24 to 38.10 cm. At these depths, 83 to 93 percent of the popula-
tion in area 3, and 0 to 100 percent of the total population in area 2
were found. This illustrates an interesting aspect of the field sampling
study in that, during the months when cold temperatures occurred, popu-
lations were reduced to subdetectable levels in the upper sampling
depths. However, at the lower sampling depths, 30.48 to 38.10 cm, the
P. brachyurus nematode appeared to be slightly active and could be de-
tected with limited success by standard soil sampling procedures. This
leads one to believe that the surviving population at the 30.48 to 38.10
cm depth has some protection from the sudden changes in the soil temper-
ature. Although the soil temperature at the lower depths is near to
that recorded at the upper sampling depths (Figures 3 and 4), it is more
likely to remain constant and not fluctuate with changes of air tempera-~
ture. It is possible that the active P. brachyurus nematode population
at the lower sampling depths gives rise to the population that occurs
later in the season in the upper horizons of the soil. However, this
is not indicated by the data to be a physical migration upward in the

soil and could be influenced by favorable conditions for reproduction



TABLE 1

PER CENT OF TOTAL P, BRACHYURUS NEMATODE POPULATION RECOVERED BY DEPTH
PER MONTH PER 100 MILLILITERS ALLIQUOT OF SOIL FROM AREA 2

Sampling 1973 Date of Sampling %(X Total
Depth Jan Feb Mar Apr May 7 May 21 Jun 12 Jun 24 Jul 15 Jul 31 Aug Sep Oct Nov Dec Count)
0 - 7.62 cm 0(0)*  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  100(1)} - 100(3) 0(0) 0(0) 0(0)  0(0) 0(0)  9(8)**
7.62 - 15.24 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 100(1) 20(1) 25(2) 4(1) 0(0) 11(5)
15.24 - 22.86 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 100(1)  100(1) 0(0) - 0(0) 0(0) ~ 20(1) 13(1) 18(4) 0(0) 17(8)
22.86 - 30.48 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 60(3) 62(5) 68(5) 0(0) 50(23)
30.48 - 38.10 0(0) 100(1) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  0(0)  9(2)  100(3) 13(6)
%(§03327io) 0(0)***2,2(1) 0(0) 0(0) 0(0) 000)  2.2(1) 2.2(1) 2.2(1) 6.5(3) 2.2(1) 11(5) 17(8) 48(22) 6.5(3)

*
* %k
ok k

o of of

of total monthly counts (Means of monthly total of P. brachyurus nematodes found at each sampling depth in a 100 ml. alliquot of soil).
of total yearly counts (Means of yearly total of P. brachyurus nematodes recovered at each sampling depth in a 100 ml. alliquo* of soil).
of total of yearly counts (Means of yearly total of P. brachyurus nematodes recovered by month in a 100 ml. alliquot of soil).

71



TABLE 11

PER CENT OF TOTAL P, BRACHYURUS NEMATODE POPULATION RECOVERED BY DEPTH
PER MONTH PER 100 MILLILITERS ALLIQUOT OF SOIL FROM AREA 3

gz:;lé}lling Jan Feb  Mar Apr May 7 May 21 Jun 12 Jun 24 Jul 15 Jul 31 Aug Sep. Oct Nov Dec %(XCZS;:;
0 - 7.62 cm 20(1)* 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 25(1) 0(0) 18(2) 16(4) 0(0) 17(1)2 10(9) **
7.62 - 15.24 0(0) 0(0) 0(0) 29(2) 0(0) 0(0) 0(0)  0(0) 000) 0(0) 0(0) 9(1)  32(8) 33(3) 0(0)  15(14)
15.24 - 22.86 60(3) 100(1) 83(5) 14(1) 47(7) 100(1) 0(0) 0(0) 0(0) 50(2) 0(0) 18(2) 28(7)  56(5) 33(2) 40(36)
22,86 - 30.48  0(0) 0(0) 0(0) 43(3) 40(6) 0(0)  0(0) 0(0) 0(0) 25(1) 0(0) 9(1) 20(5) 0(0) 33(2) 20(18)
30.48 - 38.10 20(1) 0(0) 17(1) 14(Q1) 13(2) 0(0) 0(0) 0(0)  100(1) 0(0) 0(0) 46(5) 4(1)  11(1)  17(1)  15014)
%(E;E§:7;o) 5(5)¥** 1(1) 7(6) S(7) 16(15)  1(1)  0(0) 0(0)  1(1)  4(4) 0(0) 12(11) 28(25) 1009)  7(6)

*%
kkk

= % of total yearly counts (Means of
= % of total yearly counts (Means of yearly total of P.

¢ of total monthly counts (Means of monthly total of P. brachyurus nematodes found at each sampling depth in a 100 ml.
yearly total of P. brachyurus nematodes recovered at each sampling depth in a 100 ml.

alliquot of soil).
alliquot of soil).
brachyurus nematodes recovered by month in a 100 ml. alliquot of soil).

6T



. _40 9 . -~ ) .
154 sampling depth: 0 to 7.62 om 03 15 sampling depth: 7162 cm to 15.24 cm ) 5’1 Sampling depth: 15.24 cm to 22.86 cmp*C
4 5 . g 1
134 ! 13 2 134
12 32 § 12.] [ 32 & 124 - 32
11 m 11 o 11
g 104 $  8iad g 104
a 9 - 24 2 L L 24 F = 24
o Sl ~ 9]
.E‘q 8 - ~ a 8 = E 8wl
g 7] R s 7
6 F16 3 b 6- L 16 5 6~ 16
x 5 = 8 o 5.4 ] -
< ) B ¥ 5
: 1 5B g4
N
& 3 A 8 o 3~ . 8 o 3 " - 8
44 - ;N — “6' + Sy
5 2 SN 3w 27 L - 2m ;N
I 1= A a * 14 et S 14 Fa -t
; L) P \ «w pd ' h \
LN B N RO NS D R N N SN N BN TrrrrirrrJyrirrrrTo LS N N N R B S N BN A NN NN AR BN |
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
Szmpling dates Sampling dates :@ Sampling dates
159 sampling depth: 22.86 cm to 30.48 cm‘40§ 1571 sampling depth: 30.48 cm to 38.10 cm| 40 ﬁ
14 § :'1\ 14 E‘:
13- n B 137 @ .
12+ :: _32§ 12 . : Pecorded soil temperature
- ' -
5 11 : [ 0 11 8 —————— P. brachyurus population mean counts
o - [ 0 g . I Rt At
& 10 . g 310 &
2 94 1[4 2 97 243
% g H : Kl = g+ Sampling dates (y axis): 1= Jan.; 2 = Feb.;
2, ' 1 a, 3 3 = Mar.; 4 = Apr.; 5 = May 7; 6 = May 21;
2 7 \ 5 g 8 77 3 7 = June 12; 8 = June 24; 9 = July 15;
7 e 16ﬁ 5 6] - 16 ;:; 10 = July 31; 11 = Aug.; 12 = Sept.; 13 =
o 54 1 v < 5= 2 Oct.; 14 - Nov.; 15 - Dec.
g 4 - ' 2 E o4+ )
u S s
© 37 . ! 83 37 A 84
] Y ’ -
[ 2= 4 ' ~ o 2 CoN °
/ ! B Ix ! @
1 /‘ : 0 1+ .".‘ ‘
- L
T T T T T T T T T T rrrvrririrrietrt
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
2 4 6 8 10 12 14 2 4 6 8 10 12 14
Sampling dates ) Sampling dates

Figure 1. P. brachyurus Nematode X Monthly Population by Sampling Depth in Correlation to Sampling
Date and SoiT Temperature. Area 2

91



il temperature (degrees centigrade)

. i ) = - 40
15 4 Sampling depth; 0 to 7.62 cm - 0% 121 Sampling depth: 7.62 cm to 15.24 cm [ 4°.§ ii_ Sampling depth: 15.24 cm to 22.86 cm [
14 J : o 4 H
13 .‘ :_“ 13 ] E" 13
<]
§ 12 4 | 329 g 12 £ 12
En 4 2 % 11 : 5 11
g{lo . e o 104 g ol 104
8 94 | 245 B 9] Y
> 8 T 2 g 5 a a4
o Z
g 4] e d o o o ™
g e I i g5
5 % 557 g 2o
4 9 O
ML 4 § 8 4 g =T
3 (.’ ! L 8+ Ix 34 g ¥ A
4 s b
2 I 37 3"
1 A . ‘ lata 8 14 7]
LN 7 3
L] L] 1] ] ] 1 1] L) ] k) T ] L 1 L)
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
2 4 6 .8 10 12 14 2 4. 6 8 10 12 14 2 4 6 8 10 12 14
Sampling dates Sampling dates Sampling dates
151 Sampling depth; 22.86 cm to 30.48 cm ™ 40@ 15-’1 Sampling depth: 30.48 cm to 38.10 cmr 40’..‘(‘;J
g 14 @
.?.‘ 13 ! E’ Recorded soil temperature
o 2
'§ § .§ 12 r 32§ ~=«==<P. brachyurus population mean
2 w ¥ 11+ " counts
E g 107 I8
co>.. 5 & 94 - 248 Sampling dates (y axis): 1= Jan.; 2 = Feb.;
9 % <8 8 % 3 =Mar.; 4 = Apr.; 5 - May 7; 6 = May 21;
> R I ~ 7 = June 12; 8 = June 24; 9 = July 15; 10 =
g g 37 9 July 31; 11 = Aug.; 12 = Sept.; 13 = Oct.;
= 5 & 69 l63 14 = Nov.; 15 = Dec.
9] 80 2
£ g E 5 s
% L% e 2
> § I 34 A 88
s} Z'J i \ +
b R
N VS / 3
s s S St TR e B f’f‘T”W'"f'T

1 3 5 7 9 11 13 15
2 4 6 8 10 12 14 2 4 6 8 10 12 14

Sampling dates Sampling dates

Figure 2. P. brachyurus Nematode X Monthly Pooulation by Sampling Depth in Correlation to Sampling
Date and Soil Temperature. Area 3

LT



TABLE III

COMPARISON OF P, BRACHYURUS NEMATODE POPULATIONS FOUND WITHIN
TWO SOIL SAMPLING LEVELS AT QUARTERLY PERIODS OF THE YEAR

Sampling Area 2 Sampling Area 3

Top Level Lower Level Top Level Lower Level
Percent*® Percent** Percent* Percent**
Dec, ***
Jan. 1st 0 , 100 17 83
Feb. qt.
Mar.
Apr. 2nd 0 0 7 93
May qt.
Jun.
Jul. 3rd 71 29 20 80
Aug. qt. L.
Sep.
Oct. 4th 11 89 40 60
Nov. qt.

*

*%

* k%

= Percent of P. brachyurus nematodes recovered from upper 2 sampling depths
(0 - 7.62 cm and 7.62 - 15.24 cm).
= Percent of P. brachyurus nematodes recovered from lower 3 sampling depths
(15.24 - 22.86 cm, 22.86 - 30.38 cm, and 30.48 - 38.10 cm).

Months of the year were grouped into quarters according to their air temperatures.

8T



Soil temperature in degrees centigrade

e— Sampling depths of 0 to 7.62 cm

—XXx~ Sampling depth of 15.24 cm to 22.86 cm

——————— Sampling depth of 30.48 cm to 38.10 cm

T Y T T Y T

J F M A M J J A

wn
o
.
o]

Sampling dates

Figure 3. Soil Temperatures Recorded Throughout the Season
at Three Different Sampling Depths, Samling
Area Number 2 :

19



w
(7]

= N N w
(3] o wn o
1 1 ] 1 1

[
o

Soil temperature in degrees centigrade

(4]
i

20

. Sampling depth of 0 to 7.62 cm
;mmnXX-mmma, Sampling depth of 15.24 cm to 22.86 cm

(mm———ee——— . Sampling depth of 30.48 cm to 38.10 cm

| 3

~F T L F F

Lg | 3 B3
J F M A M J J A S 0 N D

-

Sampling dates
Figure 4. Soil Températures Recorded Throughout the Séagon
at Three Different Sampling Depths, Sampling
Area Number 3 ' B



21

found at these soil levels. The data can be interpreted as showing this
phenomenon occurring at sampling area 2 (Tables I and II) as the season
becomes warmer a larger percentage of the total monthly population oc=-
curs in the upper sampling depths. Then in the fall and early winter,
as the soil temperature becomes colder, the largest percentage of the
total monthly population begins to occur at the lower levels in the
soil.

During the warmer season of the year, June, July, and August the
soil temperatures ranged from 23.0 to 34.1 C at the various sampling
depths and the nematode population was quite variable, Throughout June,
July, and August 71 percent of the population was found in the top samp-
ling levels in area 2, which received no nematicide treatment, as com-
pared to 20 percent of the total population found in the upper levels
in area 3 which received a nematicide treatment (Table III).

When seasonal comparisons were made of the P. brachyurus nematode
population recovered in area 2, from the 2 upper sampling levels and
lower 3 sampling levels, the greatest seasonal populations were recover-
ed during June, July, and August in the upper levels and September,
October, and November in the lower sampling levels. Of all the P.
brachyurus nematodes found in the upper 2 sampling levels in area 2, 56
percent were found during July thru August, 44 percent during September
thru November, and none December thru June (Table IV). 1In the 3 lower
sampling levels in area 2, 84 percent of the P. brachyurus nematode
population was recovered during September, October, and November, 11
percent during December, January, and February, and 5 percent during
June, July, and August. Populations of P. brachyurus nematode were not

recovered from the soil at any level during March, April, and May

Table 1IV).



TABLE IV

SEASONAL PERCENT OF YEARS TOTAL POPULATION OF P, BRACHYURUS NEMATOD™
RECOVERED AT 2 SAMPLING LEVELS

Sampling Area 2 Sampling Area 3
Upper Level Lower Level Upper Level Lower Level
Percent?** Percent**** Percent Percent
Dec. * va
Jan. lst. 0 ** 11. 9 14
Feb. qtr. e B o o
Mar.
Apr. 2nd. 0 0 9 40
May (Ltr‘ . S DU T T, AT, X
June
July 3rd. 56 _ 5 4 6
Aug. qtr.
Sept.
Oct. 4th. 44 84 78 40
Nov.qtr. . . . )

*
*%

* k%

kkkk =

Month of the year grouped into quarters according to their air temperatures
Percent of the yearly total number of P. brachyurus recovered during the

month listed in the left column.

Percent of the year's total P. brachyurus nematode population recovered during

the quarter from the upper two sampling depths (0 - 7.62 cm and 7.62 - 15.24 cm).
Percent of the year's total P, brachxgrus nematode population recovered during the
quarter from the lower three sampling epth (15.24 - 22.86 cm, 22.86 - 30.48 cm,
and 30.48 - 38,10 cm).

(44
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During the spring and summer months the P. brachyurus nematode
population, when it can be detected, appears to be concentrated at the
depths where the largest amount of peanut roots, pods, and pegs are lo-
cated (Tables I and II). The P. brachyurus nematode population at the
number 3 sampling area does not fully express the same season fluctua-
tion pattern as found at the number 2 sampling area, yet, the overall
trend of seasonal population fluctuation as related to soil depth is
indicated (Tables II and III).

In this study the field sampling revealed that P. brachyurus nema-
tode is at its highest population level in the soil during the peanut
harvest months of September, October, and November (Tables I and II).
This confirms other research indications (28, 29, 38) that this is the
best time of the year to take soil samples for the prediction of the
following year's P. brachyurus nematode population. It is also indi-
cated by this study that the soil depths most likely to have a detect-
able active population of the nematode is located in the 7,62 to 22.86
sampling zone.

Pratylenchus brachyurus nematode is reported to be sensitive to

soil pH (18), hence soil pH was taken of samples thoughout the sampling
of areas 2 and 3. The pH readings had a wide range of 4.76 to 7.75 and
when the number of nematodes at each pH reading was placed in a graph,
the results were a normal curve (Figure 5). Extremes were not connected
to the line graph due to their infrequency which suggests the possi-
bility of mechanical and human error. The largest number of P. brach-
yurus nematodes were recovered from soil samples with pH ranging from
5.6 to 6.25 which compares with the results reported by Willis (42).

The soil temperature readings recorded at each of the sampling
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depths indicated nothing different from that previously observed by
other researchers. Soil temperatures during the months June, July, and
August appear to reach the levels that are reported to be inhibitory to

Pratylenchus nematode spp. activity in the soil (3, 7, 10, 17). Soil

temperatures during these months ranged from 25 C at the 30.48 to 38.10
cm depth to 34 C at the 0 to 7.62 cm depth (Figures 3 and 4). These
temperatures are within, or very near to, the range of temperatures re-

ported to reduce the mobility of Pratylenchus nematode spp. and this

may be the major factor in P. brachyurus nematode being difficult to re-
cover from soil samples taken during these months.

The greatest number of P. brachyurus nematodes were extracted from
the soil samples during periods when the soil temperature was ranging
between 15,6 and 26.7 C which occurred frequently during the months of
September, October, and November (Figures 1 and 2). Also, there was a
period during April, May, and early June that soil temperatures were
within the range reported to favor the greatest amount of P. brachyurus
nematode activity in the soil (3). A slight increase in the number of
P. brachyurus nematodes extracted from the soil taken from area 3 was
noted during these months. However, the number was so small that the
nematodes couid have been easily missed., The results obtained indicate
that soil temperature is probably not the major factor causing P. brach-
yurus nematode to become active in the soil at population levels that
can be detected during the spring of the year.

The overall results of the soil sampling study illustrates that
even though a small number of P. brachyurus nematodes may be extracted
from the soil at various sampling depths during all periods of the year,

the possibility of missing the nematodes, even at the deeper soil
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sampling depths, is so great that this type of sampling cannot be re-
lied upon to make evaluation of the P. brachyurus nematodes present.
Even during periods of the growing season when processed roots from
peanut plants indicate detectable populations are present, the commonly
used soil sampling and extraction techniques are still not an infallible
means of finding the P. brachyurus nematode., This fact is indicated by
Table V which presents the results obtained from roots of peanut plants
taken from the sampling areas. The occurrence of subdetectable popula-
tion levels appeared so often throughout this study that the results of
the population counts could not be reliably evaluated by statistical
methods, Therefore, any agricultural consultant who uses the results

of soil samples to unequivocablly predict that P. brachyurus nematode is
not present in a grower's peanut field may find himself in an embarras-

sing situation within the next crop year,
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NUMBER OF P. BRACHYURUS NEMATODE EXTRACTED FROM ROOTS
OF CROPS GROWING IN SAMPLING AREAS TWO AND THREE

DURING SAMPLING PERIODS

Area Two Area Three
Date Host ‘ ‘# Nemas Host ~# Nemas
Jan, Rye No Sample Rye No Sample
Feb. Rye 0 Rye 0
Mar. Rye 0 Rye 0
Apr. Rye No Sample Rye No Sample
May 7 Rye No Sample Rye No Sample
May 20 Planting Date Planting Date
June 12 Peanut 0 Peanut 0
June 20 Peanut 0 Peanut 0
July 15 Peanut 0 Peanut 52
July 31 Peanut 4 Peanut 4
Aug, Peanut 4 Peanut 12
Sept. Peanut No Sample Peanut No Sample
Oct. Peanut 56 Peanut 0
Nov, Fallow No Sample Fallow No Sample
Dec. Rye No Sample Rye No Sample




CHAPTER IV

OKRA BIO-ASSAY STUDY

The purpose of this study was to use a bio-assay as a means of
checking the accuracy of the Modified Seinhorst Quick Extraction tech-
nique in detecting the presence of P. brachyurus nematodes in soil

samples taken from Oklahoma peanut fields.

Methods and Materials

A series of bio-assays was used to check for the existence of P.
brachyurus nematode in the soil samples having zero or very low popula-
tions of this nematode as analyzed by the Modified Seinhorst Quick Ex-
traction technique (31). To establish the bio-assays, okra was used as
the trap plant, and the plants were grown in 7.62 x 15.24 cm plastic
pots containing 450 grams of soil previously analyzed. The soil used
in bio-assays 1 and 2 was taken from samples collected from area 3 dur-
ing the November and December sampling. The third bio-assay was estab-
lished using soil taken during late season (post harvest) from several
peanut fields located in Hughes and surrounding counties. In this bio-
assay the soil samples were also taken at a depth of 7.62 to 22.86 cm
with approximately 470 milliliters of soil collected at each site on a
given sampling date and processed by the Modified Seinhorst Quick Ex-
traction technique to determine the presence of P. brachyurus nematode.

In all 3 bio-assay studies, okra seed was allowed to germinate in

28
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water for 5 days and at the end of this period, 5 seedlings were trans~
planted to each of the pots containing the field soil to be tested.

The pots were placed in a controlled envirommental growth chamber for 6
weeks at 23,9 + 2 C day time temperature and 18.3 + 2 C night time tem-
perature. The pots were then removed from the growth chamber and the
plants removed from the soil. The soil was again subjected to the Mod-
ified Seinhorst Quick Extraction technique and roots were removed from
the plants and aeriated in beakers filled with water for 7 days. At
the end of the aeriation period the water from around the roots was
poured onto a 325-mesh seive and the screenings washed onto 2 Scottie
tissues supported by a 30-mesh screen in a 10.5 x 7.5 cm plastic tub.
The excess water was then decanted off after 24 hours and the nematodes

poured into a watch glass for identification and counting.
Results and Discussion

The original soil counts of the November, 1973 sampling revealed a
moderate (16 larvae) infestation of P. brachyurus nematode at the 7.62
to 15,24 cm, 15.24 to 22.86 cm, and the 30.48 to 38.10 cm sampling
depths in area 3 (Table VI). However, when this soil was processed
after a 35 day storage period, no P. brachyurus nematodes were extracted
from soil taken from any sampling depth, When soil from the stored
samples was subjected to a bio-assay using okra as the trap plant,
counts ranging from O to 488 P. brachyurus nematodes were obtained from
the okra roots and no P. brachzurus‘nematodes were recovered from the
soil in which the okré had been growing (Table VI). Okra roots removed
from the plants, grown in soil taken from the 7.64 to 15.24 cm sampling

depth, produced a higher number of P. brachyurus nematode, significantly



BIO-ASSAY
TAKEN FROM AREA 3 IN NOVEMBER, 1973

TABLE VI

- OKRA PLANTS GROWN IN SOIL

Bic-Assay #1 Soil Count
Depth After 35 Days Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Rep 7 Rep 8 X of Total
In Storage Root-Soil Root-Soil Root-Soil Root-Soil Root-Soil Root-Soil Root-Soil Root-Soil Rect Counts
0 -7.62 cm 0)* 72 (0)** 368 (0) 228 (0) 0 (0) 156 (0) 40 (0) 172 (¢) 40 (0) 134.5 bc
7.62 - 15.24 cm ) 124 (0) 516 (4) 556 (0) 48 (0) 224 (0) 104 (0) 452 (0) 424 (8) 306.0 a
15.24 - 22.86 cm (D] 64 (4) 135 (8) 216 (4) 156 (4) 150 (4) 260 (8) 264 (4) 260 (4) 188.3 b
22,86 - 30.48 cm (] 8 (0) 488 (0) 156 (0) 76 (0) 0 (0) 48 (0) 16 (0) 20 (0) 101.5 bc
30.48 - 38.10 cm (O] 32 (0) 80 (0) 12 (0) 12 (0) 8 (0) 12 (0) 0 (0) 0 (0) 19.5 ¢
* = Soil counts recovered after storage for in laboratory at room temperature
** = Original soil counts of soil samples taken in November, 1973
y = All nematode counts were made from nemas extracted from okra roots grown in soil from each sampling depth
Data followed by the same letters in column within a sampling depth are not significantly different.
P = 0.05 according to Duncan's multiple range test.

o€
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different from the other sampling depths according to Duncan's Multiple
Range (Table VI).

Analysis of the soil samples from area 3 collected in December,
stored under the same conditions as the November sampling, produced no
P. brachyurus nematodes prior to nor following the okra bio-assaylal-
though the original soil counts had revealed a trace infestation of P.
brachyurus nematode (Table VII). As in the bio-assay of the November
sampling, the largest number of nematodes was recovered from the roots
grown in soil collected from the 7.62 to 15.24 cm sampling depth (Table
VII). In both bio-assays the roots from okra plants grown at the vari-
ous sampling depths produced counts of P. brachyurus nematode that were
significantly greater than the original soil counts and the soil counts
obtained just prior to planting the okra (Tables VI and VII).

The third bio-assay was set up using soil collected from several
fields in Hughes and surrounding counties during the 1974 peanut growing
season., The results of this bio-assay are presented in Table VIII. The
results were generally the same as in the bio-assay involving soil from
area 3. Again the roots grown in soil from the 7.62 to 15.24 cm samp-
ling depth produced the highest number of P. brachyurus nematodes.

Even though the soil sample counts indicated that the active popu-
lation of P. brachyurus nematode is generally found at the deeper samp-
ling depths during the winter months, the bio-assay demonstrated the
s0il collected from the upper sampling depths contained inactive life
stages that are necessary to produce high root populations of P.
brachyurus nematode. The bio-assay indicates that the soil containing
the highest number of inactive life stages is located in the range be-

tween the 7.62 to 15,24 cm sampling depth. It is indicated that soil



TABLE VII

BIO-ASSAY - DETECTION OF P, BRACHYURUS NEMATODE UTILIZING OKRA PLANTS
GROWN IN SOIL TAKEN FROM AREA 3 DURING DECEMBER, 1973

Bio-assay #2 Soil Counts
Depth After 35 Days Rep 1 Rep 2 Rep 3 Rep 4 X of Total
In Storage Root Soil** Root Soil Root Soil Root _Soil Root Counts

0 -17.62cm (0)* 0 (0) ** 40 (V) 156 (4) 0 (0) 49 b
7.62 - 15.24 cm (0) 292 (0) 474 (0) 328 (1)) 640 0) 433 a
15.24 - 22,86 cm (0) 0 (8) 12 (0) 250  (0) 0 (0) 68 b
22.86 - 30.48 cm © 0 (0) 0 4) 16 (4) 48 0) 16 b
30.48 - 38.10 cm (0) 0 (0) 0 (0) 0 (4) 4 (0) 1 b

Soil counts recovered after storage for 35 days in laboratory at 21.1 C

** = Original soil counts of soil samples taken in December, 1973

y = All nematode counts were made from nemas extracted from okra roots grown in soil from each

sampling depth

Data followed by the same letters in column within a sampling depth are not significantly different.
P = 0.05 according to Duncan's Multiple Range test,
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TABLE VIII

BIO-ASSAY - DETECTION OF P, BRACHYURUS NEMATODE
UTILIZING OKRA PLANTS GROWN IN SOIL TAKEN FROM
FIELDS IN HUGHES COUNTY DURING NOVEMBER, 1974

Number of Samples Total Soil Total Root
Depth From Each Depth Count* Count
0 - 7.62 cm 2 0 40
7,62 - 15,24 cm 4 0 628
15.24 - 22,86 cm 3 4 40
22,86 - 30.48 cm 2 0 0
30.48 - 38,10 cm 1 0 0

* = Original soil counts taken in November, 1974 sampling.
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from all sampling depths contains the inactive life stages of P. brach-
yurus nematode that are necessary to produce a high infestation on roots
of susceptible plants, but the area in the soil where the highest con-
centration of peanut pegs, pods, and small feeder roots are located also
has the highest number of inactive P. brachyurus nematode life stages.
This results in higher numbers of P. brachyurus nematode infesting the
roots of the susceptible okra plants grown in the soil taken from the
sampling depth of 7.62 to 15.24 cm. Although all sampling levels were
shown to have the potential to produce moderate to high populations of
P. brachyurus nematode the potential for higher populations becomes
greater in the upper horizons of the soil. The exception to this ob-
servation is the 0 to 7.62 cm sampling depth which has the potential to
produce a high population but it appears not to contain as high a con-
centration of inactive life stages as the soil lying between the 15.24
to 22.86 cm range.

The results of the bio-assays also support the observation made in
the field sampling study by illustrating that soil processed by commonly
used nematode extraction techniques and shown to have no or very low P.
brachyurus nematode populations often contains inactive or immobile life
stages of the nematode. These stages can be stimulated to activity and
infestation of the roots of a susceptible plant by growing the plant in
soil in which the inactive life stages are present.

The okra bio-assay proved to be a more efficient and dependable
method of detecting P. brachyurus nematodes in soil collected during
periods of the year when standard nematode extraction procedures fail
to detect the nematode. Therefore it is submitted that a bio-assay can

be used as an effective tool to evaluate or replace standard nematode
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extraction techniques when the worker is interested in detecting P.
brachyurus nematode in the soil of Oklahoma fields. However, the bio-
assay has the disadvantages of requiring 4 to 6 weeks before results can
be obtained.s Also, if a large number of samples are being processed

the space and time required for growth and maintenance of the trap

plant is prohibitive.



CHAPTER V

EXPERIMENTAL NEMATODE CULTURING

AND EXTRACTING TECHNIQUES

Three experimental techniques were evaluated as methods that would
stimulate P. brachyurus nematode to become active in soil and increase
chances of detecting its presence. It was hoped that a procedure could
be developed which would allow quick and accurate analysis of soil for

determining the presence of P. brachyurus nematode.

Methods and Materials

A soil test designed on work reported by Meagher (19) of alternat-
ing wetting and drying periods was carried out to provide a stimulus
that would cause the root-lesion nematode, P. brachyurus, to become ac-
tive in soil samples collected during the late winter and early spring
months.

This test consisted of a 100 milliliter alliquot of soil placed on
4 Scottie tissues supported by a 30-mesh screen in a 7.5 cm x 10.50 cm
plastic tub. The soil samples were alternately saturated with water and
then allowed to dry by allowing the water level in the tub to evaporate
to the point where it was no longer in contact with the soil and, when
the soil no longer contained noticeable moisture, the water level in
the tub was raised and the soil again saturated. This procedure was re=-

peated, if required, at the following time intervals: (1) 36 hours,

36
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(II) 84 hours, (III) 96 hours, (IV) 120 hours, (V) 8 days, (VI) 3 weeks,
and (VII) 4 weeks. At the end of each period the Scottie tissues and
soil were transferred to a new tub containing a water level high enough
to resaturate the soil. Water from the original tub was then decanted
and the remaining portion was poured into a watch glass for identifica-
tion and counting of any nematodes recovered.

At the same time as the wetting and drying test was being con-
ducted, a heat stimulation test was conducted in an attempt to cause P.
brachyurus nematode to revert from its apparent arrested development
stages and become active in the soil in a mobile life stage which could
be extracted by commonly used extraction techniques. The soil was sub-
jected to different time periods of a temperature reported to favor the

increased activity of Pratylenchus nematode spp. (25).

In this test 16 non-vented pélyethylene bags were filled with a
100 milliliter.alliquot of soil and placed in a laboratory culture cham-
ber at 24.8 C and the samples removed at different time periods. The
soil used in this study was taken from the same samples that were sub-v
jected to the bio-assay test and known to have a moderate infestation
of P. bracyurus nematode, based on the counts obtained from the original
soil samples taken in November.

Two bags of soil were removed from the culture chamber at each of
the following time intervalsy; which were considered as treatmentss
(1) 0 hours, (II) 36 hours, (III) 48 hours, (IV) 60 hours, (V) 72 hours,
(V1) 84 hours, (VII) 96 hours, and (VIII) 144 hours. The soil used in
this test was collected in November, 1973 from sampling area 3 at depths
of 15.24 to 30.48 cm, having a field soil temperature ranging between

15,0 C to 17.3 C and stored at 20 + 2 C for 35 days prior to this test.
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In addition to above described experiments, a raw, root exudate
test was carried out to determine if germinating okra and peanut seed
produced diffusates that would stimulate P. brachyurus nematode to be-
come active in the soil so that they could be extracted and identified
by commonly used nematode extracting techniques.

Fifty okra seeds were allowed to germinate in a beaker containing
50 milliliters of water, and 20 peanut seeds were germinated in a sepa-
rate beaker containing 100 milliliters of water. A 100 milliter alli-
quot of soil was taken from each soil sample that was being subjected
to the root exudate experiment and the remainder of the soil sample was
subjected to a bio-assay test. The okra seeds were allowed to germinate
in the water for 5 days and as the radicals reached an average length
of 1.0 centimeter the seedlings were removed and the water used to make
up the different treatments in this experiment. These treatments con-
sisted of (1) two 7.62 cm x 10.60 cx pots containing soil receiving 10
milliliters each of the water used for germinating the okra seed, (II)

2 pots receiving 10 milliliters each of a 1l:1 ratio of germination water
and distilled water, (III) 2 pots receiving 10 milliliters each of a
1210 ratio that was 1 part germination water to 10 parts distilled
water.

To further evaluate for root exudates, the 20 percent seeds were
allowed to germinate in distilled water for 4 days, then removed and the
radicals clipped and weighed., The radicals were then pulverized, using
a mortor and pestle, and the pulp was strained through a cheese cloth
filter and the liquid collected. Twelve pots, the same size as used in
the okra test, were filled with 100 milliliters of the stock soil and

treated as follows: (I) 4 pots were treated with 10 milliliters each of
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1 part extract to O parts distilled water, (II) &4 pots were treated with
10 milliliters each of the dilution of 1 part extract to 1 part dis=-
tilled water, and (III) 4 pots were treated with 10 milliliters each of
the dilution of 1 part extract to 10 parts distilled water. All treat-
ments in the root exudate test were maintained in the environmental
growth chamber at 23.9 + 2 C for 2 weeks prior to being analyzed by the

Modified Seinhorst Quick Extraction technique.

Results and Discussion

The Wet - Dry Cycle and the Heat Stimulation experiments were car-
ried out at the same time as the first bio-assay. These tests were es=-
tablished to determine the effect of different periods of exposure to a
set temperature and soil moisture levels. All treatments in both tests
failed to stimulate P. brachyurus nematode activity as can be observed
by the results presented in Tables IX and X. The soil used in both of
the tests was from the same stock soil as used in the first bio=-assay,
which proved the presence of P. brachyurus nematodes in the soil by pro-
ducing root counts that ranged from 4 to 424 (Table VI).

The raw exudates from both the okra and peanut roots did not stimu-
late activity of P. brachyurus nematode. This test was conducted with
the hope of producing a similar nematode attracting effect as that re=
ported being produced by nematode trapping fungi (23). However, in all
casesy both the okra and peanut root exudates did not appear to stimu-
late P. brachyurus nematode to terminate its state of inactivity. At
the same time, the okra bio-assay produced P. brachyurus nematode counts
that ranged from 72 to 424 (Table XI).

This test was. designed to evaluate a simple method of collecting



TABLE IX
WET - DRY CYCLE TEST

COUNTS OF P. BRACHYURUS NEMATODE OBTAINED
AFTER EACH TREATMENT PERIOD

Time Nematode Count Bio-assay
Period Depth* Rep After Treatment Counts**
36 hrs 7.62 - 15,24 cm 2 0 224

84 hrs 7.62 - 15,24 cm 2 0 424

96 hrs 15.24 - 22,86 cm 2 0 156
120 hrs 22,86 - 30.48 cm 2 0 76

8 days 15.24 - 22,86 cm 2 0 156

3 wks 7,62 - 15.24 cm 2 0 124

3 wks 22,86 - 30.48 cm 1 0 76

4 wks 15.24 - 22,86 cm 3 0 156

Sampling depth from which soil was taken for treatment.

* %

Number of P. brachyurus extracted from okra roots grown
in soil from the same depth as the soil involved in the test.



TABLE X
HEAT STIMULATION TEST

TO PRODUCE ACTIVE SOIL POPULATIONS
OF P, BRACHYURUS NEMATODE

Number of Number of Bio-assay
Treatment Samples Nematodes Recovered Counts*
0 hrs 2 0 72
36 hrs 2 0 40
60 hrs 2 0 0
72 hrs 2 0 64
84 hrs 2 0 . 104
96 hrs 2 0 216
144 hrs 2 0 424

* = Number of P. brachyurus nematode extracted from okra roots
grown in soil from the same depth as the soil involved in
corresponding time period.
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TABLE XI
GERMINATION - DILUTION TEST

TO EVALUATE RAW ROOT EXUDATE EFFECTS ON SOIL BEING
ANALYZED FOR P, BRACHYURUS NEMATODE '

Peanut root diffusate

Post-Treatment Bio-Assay

Dilution Reps - Counts** Counts***
Undiluted (4)* 4 0 10
1:1 (0) _ 4 0 94
1:10 (0) 4 o 0 12
Okra root diffusates

Post-Treatment Bio-Assay
Dilution Reps Counts** Counts***
Undiluted (28) 2 28 72
1:1 (12) 2 12 424
1:10 (20) 2 : 8 162

* = number of nemas recovered from soil before treatment with root
diffusates or bio-assay.

~** = number of nemas extracted from 150 ml alliquot of soil 21 to
28 days after treatment with root diffusates.,

*%* = pumber of P, brach%grus recovered from okra plant roots planted
in same soil used for treatments with root diffusates.,



43

root exudates from germinating peanut and okra seeds in an attempt to
develop an expedient method of determining the presence of P. brachyurus
nematode in collected and/or stored soil samples. This test proved to
be unsuccessful and no evaluation could be made on the test results.
The bio-assay illustrated that the presence of a growing okra plant in
the soil stimulated P. brachyurus nematode to become active and invade
the plant roots, and it has been reported that nematodes cause a change
in the exudates produced by infested roots (24, 25). Therefore, it be-
comes reasonable to assume that the plant roots are producing a diffu-
sate which is a stimulus and an attractant to the P. brachyurus nema-
tode, A bio-chemical reaction is indicated and could be useful in de-
veloping a new procedure that would be faster and more proficient in

detecting inactive or dormant nematode populations in the soil.



CHAPTER VI

SUMMARY

1. Monthly sampling showed September, October, and November to be
the months with the highest overall soil population of P. brachyurus
nematode.

2, Sampling indicated some slight activity of P. brachyurus nema-
tode in the soil during April, May, and June.

3. Soil populations of P. brachyurus nematode during all months,
except September, October, and November, may be so low that they can be
easily missed by current or standard soil sampling procedures and nema-
tode extraction techniques,

4, The study indicated that the lower sampling depths might sup-
port a small active P, brachyurus nematode population throughout the
entire year.

5. Top soil temperatures occurring in Oklahoma appeared to di-
rectly affect the activity of P. brachyurus nematode and in the winter,
the soil temperatures were well below the range at which this nematode
is normally active.

6, Sampling depth required for the recovery of the largest num-
bers of P. brachyurus nematode appears to be between 15.24 and 30,48 cm.
This was the soil depth found to contain the largest percentage of the
year's total population. Therefore, it remains the recommendation of

Oklahoma State University agriculture advisory personnel that sampling
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for populations of P. brachyurus in Oklahoma peanut fields should be
done during the harvest months of September, October, and November at
depths between 15.24 cm and 30.48 cm.

7. Largest percent of each month's P. brachyurus nematode popula-
tion fluctuates up and down in the soil. Months with severe tempera-
tures, either low or high, appear to have a larger percent of the
month's total population at the lower sampling depths.

8. Bio-assays proved that standard soil sampling and nematode ex-
tracting techniques could not be fully relied upon to detect P. brachy-
urus nematode infestations in the spring, summer, and winter months.

9. The heat stimulation and alternating dry and wet cycle indi-
cated that manipulating these soil conditions will not stimulate the ac-
tivation of P. brachyurus nematode in soil samples collected during. the
winter,

10. The germination dilution tests illustrated that a sample
method of collecting raw root exudates did not succeed and that the
growing of okra plants in soil suspected of being infested with P.
brachyurus nematode provides a stronger stimulus than that provided by

the collected exudates.
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