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Abstract: Seed treatments of improved Kentucky bluegrass and fescue cultivars wi th  carbo- 
furan, oxamyl, and phenamiphos  dissolved in acetone reduced seedling emergence, bu t  t reatments 
were not extremely phytotoxic. Phenamiphos  was the most toxic, particularly at the 5,000 #g /ml  
concentration. Fresh weight of grass clippings 35 d following plant ing generally was greater in 
treatments than in controls except for the 5,000 /zg/ml phenamiphos  treatments on certain 
cultivars. All nematicide seed treatments reduced the number  of Pratylenchus penetrans subse- 
quently recovered from Pennlawn creeping red fescue roots 4-5 wk after t reatment.  T h e  infusion 
of nematicides into grass seed with organic solvents appears to be an effective means of reducing 
nematode damage to turfgrass seedling with little environmental  hazard. 

Nematicide seed treatments for agro- 
nomic and vegetable crops have been pro- 
posed (1,2,4). T h e  application of this tech- 
nique for ornamental  or turfgrass seed has 
not  been evaluated. Such treatments, if ef- 
fective, would require much less nematicide 
than soil treatment,  thereby reducing cost 
and environmental  hazards. However, one 
requisite for such a t reatment  would be lack 
of phytotoxicity. Following investigations 
on the phytotoxicity of nematicide soil 
treatments to various grass seed cultivars 
(6), a prel iminary trial with nematicide seed 
treatments was conducted. The  results of 
this trial and several reports (3,5) of nema- 
ticide seed treatment of wheat, rye, and 
other seed prompted  us to evaluate this tech- 
nique for turfgrass. An abstract on a por- 
tion of the research has been published (7). 

M A T E R I A L S  AND M E T H O D S  

Seed from Kentucky bluegrass (Poa 
pratensis L.) cvs. Bonnieblue,  Fylking, 
Glade, and Ram I; and fescues (Festuca 
rubra L.) cvs. Banner  Chewings, Creeping 
Red, Jamestown, Koket Chewing, Koket, 
and Pennlawn Red were soaked for 30 s in 
100 ml acetone solutions containing 500, 
2,500, and 5,000 ttg/ml technical-grade car- 
bofuran (2,3-dihydro-2,2-dimethyl-7-benzo- 
[uranyl methylcarbamate),  oxamyl (methyl 
2-(dimethylamino)-N-[[(methylamino) car- 
bonyl] oxy]-2-oxoethanimidothioate), or 
phenamiphos (ethyl 3 methyl-4-(methylthio) 
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phenyl (1-methylethyl) phosphoramidate).  
Controls consisted of acetone-treated seed 
and an untreated check (no treatment).  
Seed were spread on paper towels following 
treatment and air dried at room tempera- 
ture for 24 h prior to packaging. Packaged 
seed were stored for 10-14 d; subsamples of 
100 seed were then estimated by weight for 
planting. 

Seed were scattered evenly on the sur- 
face of methyl bromide-treated soil ( 3 soil: 1 
vermiculite) contained in 7.2-cm-d plastic 
cups. Four replicates for each treatment- 
concentration-cultivar combination were 
used. Cups were arranged in randomized 
blocks on a greenhouse bench. T h e  experi- 
ment  was repeated three times. 

T h e  effect of nematicide seed treatments 
on seedling emergence was determined by 
counting the number  of seedlings which had 
emerged 14 d following planting. Fresh 
weight of grass clippings was determined 
35 d after planting by clipping all plants at 
1.9 cm height. 

T o  evaluate the nematicidal efficacy of 
the infusion technique, seed of Pennlawn 
red rescue was treated with each nematicide 
concentrat ion as previously described. Fol- 
lowing seedling emergence, approximately 
2,000 nematodes (Pratylenchus penetrans 
(Cobb) Chitwood 8c Oteifa) were added to 
each cup. Plants were harvested 4-5 wk fol- 
lowing infestation, weighed, and the nema- 
todes extracted from the roots by the mod- 
ified Baerman method. All lesion nematodes 
recovered during 48 h extraction from each 
of four replicates were counted. 

All data were subjected to an analysis 
of variance and significant differences 
among means were determined by Duncan's 
multiple-range test. 
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Tab le  I. Percentage emergence of grass 14 d af ter  seed t r ea tmen t  wi th  nematicides.  

& 

Nemat ic ide  

Carbofu ran  Oxamyl  P h e n a m i p h o s  

Controls  # g / m l  cv. 

Cul t ivar  Unt rea ted  Acetone 500 2,500 5,000 500 2,500 5,000 500 2,500 5,000 m e a n  

Fescues 
Banne r  Chewings 80 a* 53 c 60 bc 63 bc 54 bc 51 c 62 bc 47 c 70 ab 46 c 25 d 55.4 B t  
Creeping  Red  45 a 32 cde 33 cde 34 cd 35 c 36 be 27 def  25 ef 43 ab 22 fg 15 g 31.5 F 
James town  74 a 47 bc 57 b 58 b 37 cd 49 bc 50 bc 55 b 57 b 51 bc 30 d 51.2 C 
Koket 53 a 33 de 44 bc 36 cd 35 cd 46 ab 35 cde 38 bcd 46 ab 40 bed 27 e 39.4 E 
Koket Chewings  78 a 51 bc 53 be  52 bc 48 bc 44 bc 49 bc 40 cd 59 b 28 de 16 e 47.0 D ~.~ 
Penn lawn  Red  75 a 54 bcd 47 de 56 bed 52 cd 66 ab 55 bed 52 cd 62 bc 39 e 24 f 52.9BC 

Kentucky bluegrass ~-, 
Bonnieb lue  56 a 45 abe 50 ab 42 bc 38 bed 47 ab 41 bc 34 cd 46 abe 38 bed 28 d 42.3 E 
Fylking 53 ab 47 ab 52 ab 59 a 45 ab 52 ab 47 ab 49 ab 52 ab 44 b 43 b 49.4 CD 
Glade 80 ab 64 cd 79 ab 82 a 76 abe 72 abed 70 abed 64 cd 68 bed 62 d 50 e 69.7 A 
R a m  I 51 a 47 ab 46 ab 46 ab 40 abe 35 bc 36 abe 28 c 41 abe 38 abe 43 abe 40.8 E 

Treat . -Conc.  m e a n  64 .6A 47.3 DE 52.0 BC 52.7 BC 46.0 DE 49.8 CD 47.1 DE 43.1 EF 54.3 B 40.8 F 30.0 G 

*Mean  of four  replicates. Row means  followed by the  same lower-case let ter  are not  significantly different (P=0.O5) according to Duncan ' s  mul t ip le - range  test. 
tT r ea tmen t - concen t r a t i on  means  or cul t ivar  means  followed by the  same u p p e r  case let ter  are no t  significantly different  (P=0.05)  according to Duncan ' s  mul t ip le -  

range test, 



T a b l e  2. Fresh weight  (g) of  grass 35 d following seed t r ea tmen t  wi th  nematicides.  

Nemat ic ide  

Ca rbo fu ran  Oxamyl  P h e n a m i p h o s  

ControIs # g / m l  cv. 

CuIt ivar  Un t rea ted  Acetone 500 2,500 5,000 500 2,500 5,000 500 2,500 5,000 m e a n  

lCescues 
Banne r  Chewings 25 b* 19 e 26 bc 28 b 42 a 40 a 37 a 26 bc 42 a 29 b 22 bc 30.8 D E t  
Creeping  R e d  25 b 23 b 24 b 38 a 37 a 36 a 23 b 19 b 36 a 25 b 21 b 27.7 E 
James town  22 c 22 c 32 abc 34 ab 27 bc 28 b¢ 29 abc 38 a 30 abc 36 ab 31 abc 29.8 DE 
Koket  27 abc 21 c 34 ab 35 ah  26 hc 28 abc 34 ab 36 a 35 ab 36 a 36 a 31.6 CD 
Koket  Chewings 32 abcd 22 d 31 abcd 29 bcd 34 abc 35 ab 37 ah 31 abcd 40 a 31 abcd 24 cd 31.4 D 
P e n n l a w n  Red  30 be 26 c 21 c 29 bc 45 a 45 a 30 bc 25 c 40 ab  26 c 32 bc 31.7 BCD 

Ken tucky  bluegrass 
Bonnieb lue  31 b 28 b 39 ab 46 a 29 b 33 ab 30 b 33 ab 35 ab 47 a 34 ab 34.8 ABC 
Fylking 22 c 29 bc 38 ab 47 a 41 ab 39 ab 23 c 32 bc 33 abc 41 ab 41 ab 34.9 AB 
Glade 36 abcd 23 d 45 ab 45 ab 31 cd 30 cd 32 bcd 33 bcd 47 a 47 a 38 abc 37.0 A 
R a m  I 27 cd 33 bed 29 bcd 45 a 40 ab 30 bed 26 cd 23 d 31 bed 39 ab 38 abc 32.6 BCD 

Trea t . -Conc.  m e a n  27.9 D 24.4 E 31.8 BC 37.5 A 35.2 A 34.5 AB 30.1 CD 29.3 CD 36.8 A 35.5 A 31.6 BC 

t ~  

t ~  

*Mean  of  four  replicates. Row means  followed by the  same lower case let ter  are  not  significantly (P=0.05)  different by Duncan ' s  mul t ip le - range  test. 
tT r ea tmen t - concen t r a t i on  means ,  or  cul t ivar  (cv) means  followed by the  same  u p p e r  case let ter  are no t  significantly (P=0.05)  different according to Du n can ' s  

mul t ip le - range  test, 
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R E S U L T S  A N D  D I S C U S S I O N  

Seed l ing  emergence  of  i m p r o v e d  fescue 
a n d  K e n t u c k y  b luegrass  seed t r ea t ed  w i t h  
n e m a t i c i d e s  d i sso lved  in  ace tone  was re- 
d u c e d  to be low tha t  of  the  con t ro l .  T h e  de- 
creased emergence  v a r i e d  w i th  cu l t iva r ,  
nema t i c ide ,  a n d  n e m a t i c i d e  concen t r a t i on .  
T h e  n e m a t i c i d e  c o n c e n t r a t i o n  a n d  cu l t i va r  
i n t e r a c t i o n  for emergence  was s ign i f ican t  in  
a l l  t r ials ,  hence  d a t a  for one  t r ia l  a re  g iven  
acco rd ing  to n e m a t i c i d e  a n d  cu l t i va r  ( T a b l e  
1). Emergence  a m o n g  u n t r e a t e d  cu l t iva r s  
va r i ed  s ignif icant ly .  

Al l  th ree  n e m a t i c i d e s  were  r e l a t ive ly  
n o n p h y t o t o x i c  a t  500 txg/ml concen t ra t ions ,  
based  on  seed l ing  emergence  14 d af te r  
p l a n t i n g .  T i p  necrosis  of  grass b l ades  re- 
su l t ed  on  al l  fescue a n d  b luegrass  t r e a t e d  
w i t h  5,000 t~g/ml c a r b o f u r a n .  P h e n a m i p h o s  
was the  mos t  p h y t o t o x i c  n e m a t i c i d e ,  caus- 
ing  cons ide rab le  r e d u c t i o n  in rescue emer-  
gence, p a r t i c u l a r l y  at  the  5,000 t t g / m l  con- 
cen t r a t i on .  T h i s  same c o n c e n t r a t i o n  of 
p h e n a m i p h o s  was r e p o r t e d  to suppress  
emergence  of  w h e a t  a n d  rye  (3). 

T h e  m e a n  fresh c l i p p i n g  we igh t  of grass 
35 d af te r  p l a n t i n g  was m e a s u r e d  for each  
c u l t i v a r - n e m a t i c i d e - c o n c e n t r a t i o n  combina -  
t ion.  T h e  n e m a t i c i d e  c o n c e n t r a t i o n  a n d  
cu l t i va r  i n t e r a c t i o n  was s igni f icant  in  a l l  
t r ia ls ;  d a t a  are  p re sen ted  i n  T a b l e  2. Suf- 
f ic ient  grass g r o w t h  occu r r ed  b y  35 d a f te r  
t r e a t m e n t  that ,  excep t  for  the  t i p  necrosis  
n o t e d  w i th  ca rbo fu ran ,  the  seed t r e a tmen t s  
cou ld  be  cons ide red  n o n p h y t o t o x i c .  I n  m a n y  
ins tances  the  fresh we igh t  of  grass f rom 
t r ea t ed  seed exceeded  t ha t  of the  controls .  
T h e  increase  in  fresh weights  m a y  be at- 
t r i b u t e d  to less c o m p e t i t i o n  a m o n g  the  
fewer seedl ings  in  the  t r ea ted  series t h a n  in  
the  controls .  

A l l  n e m a t i c i d e  seed t r e a t m e n t s  were  
equa l l y  effective in  r e d u c i n g  the  n u m b e r  of  
les ion n e m a t o d e s  r ecove red  f rom P e n n l a w n  
c r e p i n g  r ed  rescue 4 -5  wk  a f te r  t r e a t m e n t  
( T a b l e  3) in  each  of  th ree  tr ials .  A c e t o n e  
t r e a tmen t s  r e su l t ed  in  60 % fewer n e m a t o d e s  
t han  f rom the  rio t r ea tmen t s ,  whereas  a l l  
nema t i c ide s  r e su l t ed  in  7 0 - 9 0 %  r e d u c t i o n  
in  n e m a t o d e s  r ecove red  f rom grass roots .  I n  
these t r ia ls  the  2,500 a n d  5,000 t~g/ml 
p h e n a m i p h o s  r e d u c e d  the  emergence  a n d  
fresh we igh t  of  grass. T h e  nec ro t i c  t ips  o f  

Table 3. Lesion nematodes recovered from Penn- 
lawn creeping red fescue following seed treatment. 

Concn. Nematodes/g 
Treatment /zg/ml fresh weight 

None 
Acetone 

Carbofuran 

Oxamyl 

Phenamiphos 

32.2 a* 
11.1 b 

500 2.7 c 
2,500 1.8 c 
5,000 1.7 c 

500 2.0 c 
2,500 3.0 c 
5,000 1.8 c 

500 1.8 ¢ 
2,500 2.0 c 
5,000 2.7 c 

*Means followed by the same letter are not sig- 
nificantly different (P=0.05) according to Duncan's 
multiple-range tests. 

grass r e s u l t i n g  f rom the  c a r b o f u r a n  t rea t -  
m e n t  were  a g a i n  ev iden t .  

R o d r i g u e z - K a b a n a  et  al.  (3) d e m o n -  
s t ra ted  the  n e m a t i c i d a l  effectiveness of  these 
same chemica l s  aga ins t  TyIenchorynchus 
claytoni a n d  Hoplolaimus galeatus w h e n  
a p p l i e d  as seed t r e a tme n t s  to w h e a t  a n d  
rye. T h e y  sugges ted  the  m e t h o d  m i g h t  
p rove  effective u n d e r  field cond i t ions .  Re- 
sults of  o u r  s tudies  conf i rm the  poss ib i l i t y  
of u t i l i z i ng  the  i n f u s i o n  t e c h n i q u e  for  the  
a p p l i c a t i o n  of  n e m a t i c i d e s  to turfgrass  seed. 
O t h e r  solvents  a n d  nemat i c ides ,  as we l l  as 
these n e m a t i c i d e s  at  lower  concen t ra t ions ,  
may  p rove  usefu l  u n d e r  field c ond i t i ons  to 
r educe  the  i n j u r y  f rom p l a n t - p a r a s i t i c  
n e m a t o d e s  to grass seedl ings  w i t h  a min -  
i m u m  haza rd  to the  e n v i r o n m e n t .  
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Influence of Volcanic Ash on Infectivity and Reproduction 
of Two Species of Meloidogyne 1 

J. H.  O 'Bannon  and G. S. Santo 2 

Abstract: Mount  St. Helens volcanic ash was incorporated into a loamy sand greenhouse soil 
mix to produce concentrations of 0, 0.5, 1.0, 2.0, 4.0, 8.0, 25, 50 and 100% ash. Chemical and 
physical properties of the various mixtures were determined. Three  experiments  were conducted 
in a greenhouse to determine if volcanic ash had any influence on root-knot nematode survival 
and infectivity. Tomato ,  Lycoperscion esculentum, seedlings cv. Columbia,  susceptible to 
Meloido~ne hapla and M. chitwoodi were planted into pots of the soil-ash concentrations and 
infested with one of the Iwo nematode species. Tomato  seedlings were harvested 30, 50 and 60 
days later and the roots examined for nematode infection and reproduction.  Ash incorporation 
had no deliterious effect on root-knot nematodes in any of the experiments  reported here. 
Nematode infection and reproduct ion on tomato were not  affected at any ash concentration. 

T h e  Cascade moun ta in  range which ex- 
tends some 1,125 km from nor thern  Cali- 
fornia through Oregon, Washington,  and 
into British Columbia,  Canada,  has a geo- 
logic history of volcanic activity. On 18 
May 1980 Mount  St. Helens, located in 
southwest Washington violently erupted.  
An estimated 3-3.5 × 109m 3 of volcanic ash 
was deposited in amounts  up to 300 metric  
T / h a  over 2 × 10'~km 2 of land that  extended 
east-northeast from Mt. St. Helens (1,3). 
Ti le  major i ty  of asia from the erupt ion  was 
deposited in a belt extending across central 
and eastern Washington (Fig. 1) and then 
decreasingly into Idaho  and western Mon- 
tana. Depositions ranged from 8 cm to a 
detectable trace with most areas receiving 
< 2.5 cm. Predictably, the particle-size dis- 
t r ibut ion changed with distance from the 
erupt ion site. Particle size near  Yakima 
(about  125 km from Mt. St. Helens) ranged 
from 0.001-0.3 mm.  Correspondingly 
larger proport ions of finer grained dust-size 
particles of a m a x i m u m  particle size near  
0.05 m m  were encountered at greater dis- 
tances. Th is  resulted in three generalized 
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areas of ash fall consisting principal ly of 
coarse, intermediate,  and fine ash deposi- 
tion. These  areas were defined by the per- 
centage of ash passing through a No. 200 
sieve (75 tin1) (5). 

T h e  two main  constituents of tile ash 
were pumiceous volcanic glass (SiO2) and 
crystal fragments of feldspar (Ca, Na-A1 
silicates). Amphibole ,  pyroxene,  and mag- 
netite were also present in lesser amounts .  
These  minerals existed as oxides of Ca, Fe, 
K, Mg, Mn, Na and P. T race  elements de- 
tected in the ash were Cd, C1, Co, Cu, F, Hg, 
Ni, Se, Zn, and also sulfate S. Ash p H  was 
variable but  generally on the acid side (1). 
Morphology of numerous  soils in the north-  
west are identifiable with past eruptions of 
greater magni tude.  

Much of the arable land inundated  with 
ash was in the fertile Columbia  Basin of 
central Washington  and the large wheat  
producing area to the east. Root-knot  nema- 
todes are widespread, part icularly in the 
Columbia  Basin where the Nor the rn  
(Meloidogyne hapla Chitwood) and Colum- 
bia (M. chitwoodi Golden et al.) root-knot  
nematodes are the dominan t  species. Ques- 
tions arose concerning the effect of ash in- 
corporat ion into the soil profile on these 
two nematodes.  Experiments  were con- 
ducted to observe the influence of varying 
ash concentrations incorporated into soil on 
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