
Determining the role of nematodes 
when plant growth is unsatisfactory 
is the most common problem 

Diagnosis of nematode problems 
By R. A. Dunn, Extension Nematologist, 
Florida Cooperative Extension Service 

It can b e very difficult to decide if 
n e m a t o d e s are causing, or are l ikely 
to cause , a plant growth problem. If 
you know from previous e x p e r i e n c e 
that a part icular nematode pest was 
found in a site, plan to continue to 
take s teps to avoid damage by the 
spec ies . It is probably still present . 
In a location for which a complete 
history is lacking, the population 
d e n s i t y of n e m a t o d e p e s t s c a n 
usual ly be est imated by laboratory 
assay of soil and/or root samples . 

T h e most c o m m o n d iagnos i t i c 
p r o b l e m is to de termine the role of 
n e m a t o d e s when es tabl i shed plants 
are making unsat isfactory growth. 
T h i s task is often espec ia l ly difficult 
b e c a u s e few nematodes cause dis-
t i n c t i v e diagnost ic s y m p t o m s or 
signs. T h e r e f o r e , a diagnosis may b e 
b a s e d on a n y or a l l of t h e s e : 
symptoms above and b e l o w ground, 
f ie ld history, diagnostic namat ic ide 
tests and laboratory assay of soil 
and/or root samples. 

Above ground symptoms are 
rare ly , if ever, suff ic ient ev idence to 
diagnose a root nematode problem. 
H o w e v e r , t h e y a r e i m p o r t a n t 
b e c a u s e possible nematode prob-
l e m s a r e almost always first noticed 
b e c a u s e of abnormal top growth. 
C e r t a i n k i n d s of s y m p t o m s a r e 
typical of nematode in jury to roots, 
and should always m a k e one con-
s ider nematodes as possible cause 
for the infer ior per formance . T h e y 
can also be used to he lp locate the 
most sever ly af fected a r e a s in the 
p l a n t i n g a f t e r t h e p r o b l e m is 
diagnosed. 

S i n c e most plant nematodes affect 
root functions, most symptoms asso-

c ia ted with them are the result of 
inadequate water supply or minera l 
nutrit ion to the tops: chlorosis (yel-
lowing) or other a b n o r m a l coloration 
of foliage, stunted top growth, fa i lure 
to respond normal ly to fert i l izers, 
small or sparse fol iage, a tendancy to 
wilt under less s tress than heal thy 
plants, and s lower recovery from 
wilting. Woody plants in advanced 
s t a g e s of d e c l i n e i n c i t e d b y 
nematodes will have little or no new 
fol iage when hea l thy plants have 
substantial f lushes, and eventual ly 
e x h i b i t d i e b a c k of p r o g r e s s i v e l y 
larger branches . " M e l t i n g out" or 
g r a d u a l d e c l i n e i s t y p i c a l of 
n e m a t o d e - i n j u r e d turf. Invasion by 
w e e d s that should not be able to 
c o m p e t e with hea l thy turf is another 
common sign of n e m a t o d e damage. 
T h e d i s t r i b u t i o n o f n e m a t o d e s 
within any site is very irregular. 
T h e r e f o r e the shape , size, and dis-
tribution of a reas showing the most 
s e v e r e ef fects of nematodes will be 
highly irregular within the f ield. 
Nematodes move very few feet per 
year on their own. In undisturbed 
turf, visible symptoms of nematode 
i n j u r y normally a p p e a r as round, 
oval , or i r r e g u l a r l y l o b e d a r e a s 
which gradually i n c r e a s e in size 
year by year. N e m a t o d e damage is 
often seen first and most pronounced 
in a r e a s under spec ia l stress, such as 
h e a v y traffic, e x c e s s i v e drainage 
b e c a u s e of slope or soil structure, 
and outside regular irrigation pat-
terns. 

Below ground symptoms are more 
u s e f u l t h a n t o p s y m p t o m s f o r 
diagnosis of many nematode prob-
l e m s . G a l l s , a b b r e v i a t e d r o o t s , 

necrot ic les ions in the root cortex, 
and root-rotting may all b e used to 
he lp diagnose nematode problems. 
Short roots are the most f requent ly 
recognized symptom of nematode in-
j u r y to t u r f . A b b r e v i a t e d r o o t 
systems may b e caused by severa l 
kinds of nematodes . 

Feeding by many ectoparas i tes 
(living on the outer surface) such as 
s t i n g , a w l a n d s t u b b y - r o o t 
nematodes , causes root elongation to 
stop. T h e root tips sometimes swel l 
when they stop growing in length, 
and often b e c o m e much darker in 
c o l o r t h a n u n i n j u r e d root t ips . 
Lateral roots often emerge from the 
root a short dis tance behind the in-
j u r e d root tip; if a ser ies of la tera l 
roots are i n j u r e d as they emerge, the 
end of the root acqui res a bunchy or 
bushy arrangement of very short 
roots that is very character is t ic of 
sting or awl nematode injury. 

A b b r e v i a t e d roots can a lso b e 
caused by migratory endoparas i tes 
( i n h a b i t i n g the i n t e r n a l t i s sues ) . 
W h e n lesion or lance nematodes 
cause extensive physical wounds in 
the f leshy cortex of host roots, fungi 
which could not ordinari ly penet ra te 
the intact root are often ab le to 
colonize the i n j u r e d tissues and, 
from there, rot through the ent i re 
root. Rotted mature tissues at the tip 
of the root a r e a c lue that en-
doparasi t ic nematodes and/or root-
rot fungi ra ther than octoparasi t ic 
nematodes may have shortened the 
roots. 

Root-knot nematodes in jure and 
r e p r o d u c e in m a n y grasses , in-
cluding improved bermudagrasses 
and St. Augustine grass, but may not 



cause growth of obvious galls on the 
roots. Absence of large galls does not 
rule out root-knot nematodes as 
poss ib le p r i m a r y cause of turf 
decline. Distortion of root growth 
and slight fusiform (broadest in the 
middle and tapering toward each 
end) swell ings sometimes result 
from rootknot in fec t ion of turf 
grasses. 

The only turf nematode which can 
be seen without magnification on its 
host root is the St. Augustine grass 
c y s t n e m a t o d e (Heteroda 
leuceilyma). The adult females are 
visible as tiny white beads attached 
to the roots of its host. About the size 
of the period at the end of this sen-
tence, each is a small, lemon shaped 
capsule full of eggs which will 
become tan, then deep brown, after 
the female has died. Once one 
becomes famil iar with their ap-
pearance , he can diagnose cyst 
nematodes on St. Augustine grass 
without further aid. 

Field history can provide valuable 
clues to the identity of nematode and 
other pest problems. A nematode 
which has been present in recent 
years is probably there yet, and is 
likely to cause injury to susceptible 
plants again. Prolonged rotation to 
non-host plants may sharply reduce 
the population by starving them, but 
rarely eliminates them entirely. 

Nematicides may be used to help 
diagnose the role of nematodes in 
some situations. Application of a 
nematicide which is known to be ef-
fective against the pest species pre-
sent can sometimes help to deter-
mine their importance. In such trials, 
it is best so apply the treatment to no 
fewer than four areas of the suspect 
field, leaving adequate untreated 
areas for comparison. 

Laboratory Nematode Assay is 
usually necessary to complete a 
diagnosis. A variety of methods may 
be used to extract nematodes from 
soil and plant tissues representative 
of their areas in question. When the 
kinds that are present and their 
relative population densities (con-
centration, numbers) are known, 
those data can be compared with ex-
perimental data and field observa-
tions to estimate injury to that crop 
by that population under those con-
ditions. 

As a result of many years' experi-
ence, the relative importance of 
many nematodes to the various turf 

grasses has been established, and a 
sca le of a p p r o x i m a t e threshold 
levels has evolved. However, these 
action levels often vary because of 
the effects of cultural conditions and 
turf vigor on turf grass's sensitivity to 
a specific level of injury. There is 
also wide variation in how much in-
jury is acceptable, depending on use 
of the grass, personal aesthetic stan-
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dards, and maintenance budget. You 
must also realize that the specific 
numbers used as thresholds for one 
laboratory may not be the same as 
those for another laboratory which 
uses different nematode assay tech-
niques. 
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sentative of a specific area and to get 
them to the laboratory in as nearly as 
possible the same condition in which 
they existed in the field. Following 
are instructions for collecting a 
nematode sample, adopted from the 
Florida Nematode Sample Kit. The 
kit is a package available at county 
extension offices for anyone who 
wishes to use the services of the 
Florida Nematode Assay Laboratory. 
(Ed. note: Those in other states 
should contact their local extension 
agent for specifics on available kits.) 

1. The sample should be prepared 
from a mixture of 10 to 20 "cores" of 
soil. Cores are most easily taken with 
a soil-sampling tube, auger, or 
trowel. A shovel may be used by cut-
ting a 1-inch thick slice of soil 
through the soil profile and dis-
carding all but a 1 to 2-inch vertical 
band from the slice. It is often best to 
discard the top 1 inch from each 
core, since nematode numbers may 
be very low there. 

2. Where to sample. When diagnos-
ing a problem of growing plants, 
always sample near living roots of 
the plants for which diagnosis is 
needed. It may be helpful to submit 
an additional sample from an adja-
cent area of good growth for com-
parison. Sample only when soil 
moisture is appropriate for working 
the field; avoid extremely dry or wet 
soil conditions for best results. 
Specific directions for different 
crops are as follows: 

A. Annual crops (most vegetables, 
annual ornamentals, and field 
crops) - take soil from root zones 
of 10 - 20 affected plants that are 
not yet dead. Include "feeder" or 
fine roots from several of them. 
Remove the surface inch of soil 
before taking each core 6 - 8 
inches deep. 

B. Fruit and nut trees, perennial 
shrubs and trees - if many plants 
are affected, include cores or sub-
samples from several of them in 

the sample. If only one or a few 
are affected, take several cores 
from around each plant. Use a 
spade or shovel to dig down 
within the "drip-line" (the area 
covered by the branches) to find 
fine feeder roots. Each subsample 
or "core" should consist of a few 
fine roots and soil from immedi-
ately around them. Discard roots 
and soil from the surface inch. 
For burrowing nematode of 
citrus, collect roots and soil from 
below 12 inches. 

C. Turf grasses and forage crops -
collect 10 to 20 cores from declin-
ing, but not yet dead, areas. 
Collect cores 3 - 4 inches deep in 
the root zone of the desired plant 
species, avoiding bare spots and 
weeds. 

The above article was excerpted 
from the Florida Turf Grass Pest 
Control Manual, Nematode 
Diagnosis section. 

Abstracts continue on page 31 

Table 1. 
Approximate threshold levels (number/lOOcc soil) 

for the most common nematodes which injure 
turfgrasses, used in the Florida Cooperative Extension 
Service Nematode Laboratory. Control is usually 
recommended when numbers of a particular 
nematode exceed the level shown in the table. Control 

may be suggested at lower population levels if more 
than one serious nematode pest species is present, or 
if other stresses such as diseases or insects are also 
excessive. Other nematodes which cause problems on 
turf less frequently are not included in this table. 

Common St. 
name Scientific name Bermuda Augustine Centipede Bahia Zoysia 

Sting Belonolaimus longicaudatus 10 10 10 10 10 
Lance Hoplolaimus spp. 40 40 40 40 40 
Stubby root Trichodorus spp. 40 40 40 40 40 
Stunt Tylenchorhynchus spp. 80 80 80 80 80 
Ring Criconemoides spp. * * 150 * 80 
Root-knot Meloidogyne spp. 80 80 * ?? ?? 
St. Augustine 
grass cyst Heterodera leuceilyma * 10 * * * 
Spiral Helicotylenchus spp. 150 150 150 150 150 

•Research data do not indicate a need to control this nematode on 
this grass species, regardless of population level, in most cir-
cumstances. 
Table qualifications 
1. Threshold levels of these same nematodes may be very 

different for different species of turfgrasses. 

2. Other nematodes may be damaging to turf in other states; this 
table reflects the most common Florida situations. 

3. Cultural problems and environmental stresses can alter the 
damage levels. 

4. These are based on sandy soils (generally over 90% sand); 
thresholds for many species would be higher on heavier soils. 
Sting nematode is not a problem in soils with less than about 
85% sand. 

5. If more than one serious nematode pest is present, there may 
be serious damage without numbers of any species exceeding 
the normal threshold, because of additive or complementary 
effects of the damage from all species present. 

6. Different lab techniques may produce very different numbers 
from the same sample. Each lab should develop its own 
thresholds, based on local conditions and its own procedures. 
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T h e fo l lowing are abs t rac ts . T h e 
first is f r o m the 1977 P r o c e e d i n g s of 
the A m e r i c a n P h y t o p a t h o l o g i c a l 
S o c i e t y a n d the s e c o n d is f r o m 
V o l u m e 69, No. 5, 1979 of Phyto-
pathology. 

SUSCEPTIBILITY OF BENTGRASS T O 
BELONOLAIMUS LONGICAUDATUS. 
L. T. L u c a s , D e p a r t m e n t of P l a n t 
Pathology, Nor th Carolina State Un ive r -
sity, Raleigh, N.C. 27607. High dens i t i e s of 
BeionoJaimus longicaudatus Rau w e r e 
associa ted wi th poor a reas of ben tg ra s s 
(Agrostis palustris Huds. var . Penncross ) 
on golf g r e e n s in eas tern Nor th Caro l ina . 
Bentgrass in these a reas w a s ye l low and 
thin, and some grass died dur ing hot days 
even with f r e q u e n t irr igation. N u m b e r s 
of B. longicaudatus f ound in soil f r o m 
poor turf a r e a s r a n g e d f r o m 120 to 
1320/500 c m 3 of soil and 0 to 70/500 c m 3 of 
soil w e r e f o u n d in soil f rom good turf 
a reas on the s a m e greens over 4 y e a r s 
dur ing June to Sep tember . P e n n c r o s s 
bentgrass seed l ings growing in a 1:1 mix-
ture of a s a n d y loam soil and 65 m e s h (230 
um diam.) s a n d in 10-cm d iam. c lay pots 
w e r e i nocu la t ed with 200 a n d 500 B. 

longicauda tus /500 cm 3 of soil. Plants 
w e r e g rown at 26-30 in the g r e e n h o u s e for 
3 mon ths a f t e r inoculat ion and tops w e r e 
a l lowed to to 5 cm and then cut to 1.5 cm 
as o f t en as n e e d e d . The ave rage root 
growth (wet weight) was s u p p r e s s e d 37 
a n d 56% a n d top g r o w t h ( total w e t 
weight) w a s s u p p r e s s e d by 26 a n d 46% by 
inocula t ion wi th 200 and 500 nema todes , 
r e s p e c t i v e l y . N u m b e r s of n e m a t o d e s 
r e c o v e r e d 3 months a f t e r inocula t ion 
with 200 a n d 500 nema todes /500 cm 3 of 
soil w e r e 2972 and 1993/500 c m 3 of soil, 
r e spec t ive ly . Belonoia imus longicaudatus 
has the po ten t ion of becoming a ser ious 
p r o b e l m on ben tgrass as the use of bent -
grass i n c r e a s e s on golf g r e e n s in a r e a s 
w h e r e this n e m a t o d e occurs. 

C O N T R O L OF BELONOLAIMUS 
LONGICAUDATUS ON B E R M U D A -
GRASS GOLF GREENS. L. T. Lucas, 
Department of Plant Pathology, N.C. 
State University, Raleigh, N.C. 27607. 
Poor growth of "Tifton 3 2 8 " bermuda-
grass (Cynodon dactylon) on golf greens 
with sandy soil along the coast of North 
C a r o l i n a w a s a s s o c i a t e d w i t h 
Belonoiaimus longicaudatus. An average 

o f 4 0 0 B . longicaudatus a n d 9 6 6 
Macroposthonia ornata p e r 500 c m 3 of soil 
w e r e f o u n d in soil s a m p l e s b e f o r e t reat-
men t wi th nemat ic ides . Phenamiphos , 
f e n s u l f o t h i o n a n d 1, 2 - d i b r o m o - 3 -
c h l o r o p r o p a n e (DBCP) w e r e appl ied as 
g r a n u l e s at 0.2, 0.2 and 0.64 kg (a.i.)/93 m 2 , 
respec t ive ly , on August 8, 1977. Turf 
qua l i ty rat ings (9 being the best quali ty) 
w e r e 6.2, 6.2, 4.7 and 2.7 4 weeks a f t e r 
t r e a tmen t , and 8.7, 4.0, 4.0 and 4.0 40 
w e e k s a f t e r t rea tment in p h e n a m i p h o s , 
f e n s u l f o t h i o n , DBCP a n d n o n t r e a t e d 
plots, respect ive ly . Densi t ies of B. longi-
caudatus w e r e 160, 100, 315 and 1390 4 
w e e k s a f t e r t rea tment , a n d 106, 823, 406 
a n d 752 40 weeks a f t e r t r ea tment in 
p h e n a m i p h o s , f ensu l fo th ion , DBCP and 
n o n t r e a t e d plots, respec t ive ly . Densi t ies 
of M. oran ta w e r e r e d u c e d in DBCP 
t r ea t ed plots only. 

Now! — you don't have to wait for 
the future to find the ideal overseeding 
grass. Futura is a precision blend of 
some of the finest turf-type perennial 
ryegrasses available today — including 
Blazer and Fiesta. 
Now, you can have the beauty and the 
reliability you've been waiting for. 

Futura gives you rapid establishment, 
proven turf qualities throughout the 
entire season, and excellent transition. 
This is only possible with a blend, like 
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Now you can improve your 
overseeding program. . . 
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