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Root-knot nematodes were r a r e l y  observed i n  t h e  Columbia 
Basin  b e f o r e  1961. S ince  t h a t  t i m e  t h e  i nc idence  of root-knot  
i n f e s t a t i o n s  h a s  r a p i d l y  i n c r e a s e d  and now t h e s e  nematodes a r e  
known t o  occu r  throughout  t h e  a r e a .  The q u e s t i o n  of how a s o i l  
i n h a b i t i n g  organism could be  i n t r o d u c e d  and become widespread 
i n  newly developed a g r i c u l t u r a l  l a n d  h a s  r e c e i v e d  c o n s i d e r a b l e  
a t t e n t i o n  du r ing  t h e  p a s t  few yea r s .  I n  t h i s  d i s c u s s i o n  we 
s h a l l  l o o k  a t  t h e  p o s s i b l e  means by which root-knot nematodes 
were f i r s t  i n t roduced  i n t o  t h e  Columbia Basin and t h e  p robab le  
pathways f o r  t h e  r a p i d  sp read  of t h e s e  nematodes. 

To d a t e  we have no in fo rma t ion  i n d i c a t i n g  t h a t  roo t -knot  
nematodes were p r e s e n t  i n  t h e  Columbia Basin p r i o r  t o  t h e  de- 
velopment of  i r r i g a t i o n .  R'e can o n l y  assume t h a t  t h e y  were 
f i r s t  i n t roduced  by man th rough  t h e  p l a n t i n g  of i n f e c t e d ,  veg- 
e t a t i v e l y  propaga ted  m a t e r i a l s .  Prime c a r r i e r s  f o r  in t roduc-  
t i o n  of root-knot  nematodes i n t o  t h e  Columbia Basin were ob- 
v i o u s l y  min t  r o o t s  and p o t a t o  seed.  

%en V e r t i c i l l i u m  w i l t  posed a s e r i o u s  t h r e a t  t o  pepper-  
min t  a r o d u c t i o n  i n  t h e  Yakima Va l l ey  i n  t h e  l a t e  1950 's .  a  
numbe5 of min t  p l a n t i n g s  were moved- t o  t h e  Columbia   as in. 
Some p l a n t i n g  s t o c k s  c a r r i e d  roo t -knot  nematodes and r o o t s  
from t h e s e  were spread  through subsequent  q l a n t i n g s  over  wide 
a r e a s .  S ince  roo t -knot  d i d  n o t  pose  a s e r l o u s  economic pro- 
blem i n  m i n t ,  we were unab le  t o  have root-knot  nematodes in -  

( c luded  i n  t h e  q u a r a n t i n e  o r d e r  cove r ing  min t  w i l t .  Basin 
growers  a r e  now enduring t h e  consequences i n  a r o d u c t i o n  of po- 
t a t o e s  and o t h e r  crops .  

- - 

P l a n t i n g  of i n f e c t  s eed  may a l s o  have been an  
i m ~ o r t a n t  f a c t o r  i n  i n t r o d u c t i o n  of roo t -knot  nematodes. This  
s ~ $ ~ o s i t i o n  has  been d i f f i c u l t  t o  p rove  even though observa- 
t i o n s  have been made which i n d i c a t e ,  i n  s p e c i f i c  c a s e s ,  t h a t  
s eed  produced i n  Ves te rn  !?'ashington h a s  c a r r i e d  roo t -knot  nem- 
a todes .  

It s h o u l  
i n f e s t a t i o n  p robab ly  account  f o r  most 07 t h e  i n i t i a l  i n t roduc -  
t i o n s ,  o t h e r  s o u r c e s  may have been invo lved  t o  a l e s s e r  degree .  



a t o d e s  w i t h i n  t h e  Columbia Basin  h a s  been exceeding ly  r a p i d .  
Loca l ized  spread  w i t h i n  and between f i e l d s  may be accomplished 
through c u l t u r a l  p r a c t i c e s  and t h e  accompanying t r a n s p o r t  of 
s o i l  o r  p l a n t  r e f u s e  c o n t a i n i n g  nematodes, I t  i s  d o u b t f u l  
t h a t  such means could  be r e s p o n s i b l e  f o r  t h e  r a p i d  s p r e a d  of 
nematodes throughout  t h e  Basin s i n c e  t h e y  would n e c e s s i t a t e  
f r e e  exchange of farm equipment ove r  wide a r e a s  o r  t h e  a c t i v e  
t r a n s p o r t  of i n f e s t e d  s o i l  from one farm t o  another .  

The q u e s t i o n  has  o f t e n  been a sked ,  "Do t h e  heavy winds 
which a r e  c h a r a c t e r i s t i c  of e a s t e r n  \\lashington a i d  i n  t h e  
sp read  of nematodes?" I t  would be  p o s s i b l e  f o r  s t r o n g  winds ,  
by moving i n f e s t e d  s o i l  o r  r e f u s e ,  t o  t r a n s p o r t  t h o s e  nematodes 
which can wi ths t and  d e s s i c a t i o n .  S ince  roo t -knot  nematodes 
cannot  s u r v i v e  d r y i n g ,  t h e  chance t h a t  t h e y  might  be  sp read  
by wind is extremely remote. 

Another q u e s t i o n  o f t e n  asked is, "Is it p o s s i b l e  t o  
sp read  nematodes through manure from an imals  which have been 
f e d  nematode-infected p o t a t o e s ? "  It is  t r u e  t h a t  c a r e l e s s  
hand l ing  of i n f e c t e d  t u b e r s  could s e r v e  t o  sp read  root-knot.  
Experiments have shown, however, t h a t  i f  p r o p e r  p r e c a u t i o n s  
a r e  t aken ,  t h e r e  is l i t t l e  danger of  s p r e a d i n g  nematodes by 
t h i s  means. Nematodes do n o t  s u r v i v e  pas sage  through t h e  
g a s t r o i n t e s t i n a l  t r a c t  of beef animals .  S p i l l a g e  of i n f e c t e d  
t u b e r s  around t h e  f eed  b i n  w i l l  n o t  a f f e c t  sp read  i f  t h e y  un- 
dergo  a l t e r n a t e  f r e e z i n g  and thawing,  o r  i f  t h e  i n f e c t e d  tis- 
s u e s  a r e  composted wi th  manure. I f  i n f e c t e d  t u b e r s  a r e  e n s i l e ?  
b e f o r e  t h e y  a r e  f e d ,  any root-knot  nematodes p r e s e n t  w i l l  be  
des t royed .  

The l a s t  and most impor tan t  means of d i s semina t ion  we 
s h a l l  c o n s i d e r  i n v o l v e s  t h e  use  and re-use of i r r i g a t i o n  
wate r .  Recen t ly  developed i r r i g a t i o n  systems have been ca re -  
f u l l y  designed t o  p rov ide  e f f e c t i v e  i r r i g a t i o n  wh i l e  removing 
a s  l i t t l e  wa te r  a s  neces sa ry  from o u r  n a t u r a l  waterways. Thus, 
we have e s t a b l i s h e d  i r r i g a t i o n  sys tems  which a r e  commensurate 
w i t h  souad c o n s e r v a t i o n  p o l i c i e s .  The p r i n c i p l e  of w a t e r  con- 
s e r v a t i o n  through use  and re-use of i r r i g a t i o n  wate r  h a s  been 
employed e f f e c t i v e l y  w i t h i n  i r r i g a t i o n  d i s t r i c t s  and i n d i v i d u a l  
farms a l i k e .  Unfo r tuna t e ly ,  even t h e  b e s t  p r a c t i c e s  may be 
in f luenced  unfavorab ly  by f a c t o r s  we had no r e a s o n  t o  c o n s i d e r  
o r  t o  s u s p e c t  du r ing  t h e  developmental  phases ,  

Our r e c e n t  s t u d i e s  on s p r e a d  of p l a n t  p a r a s i t i c  nematodes 
v i a  contaminated i r r i g a t i o n  wate r  may s e r v e  t o  i l l u s t r a t e  t h i s  
p o i n t .  T'Je no ted  t h a t  nematode i n f e s t a t i o n s  were a p p a r e n t l y  
sp read ing  i n  t h e  d i r e c t i o n  of f low of i r r i g a t i o n  wate r .  Futher-  
more, i n  a  number of root-knot  and a l f a l f a  s tem nematode in - .  
f e s t e d  f i e l d s ,  t h e  on ly  l o g i c a l  s o u r c e  of i n f e s t a t i o n s  appeared 
t o  be  through i r r i g a t i o n  water .  I n s t a n c e s  were observed where 
f i e l d s  l e s s  t h a n  f i v e  y e a r s  removed from sagebrush  d e s e r t  de- 
veloped bo th  uniform and s e v e r e  i n f e s t a t i o n s .  These f i e l d s  
had no h i s t o r y  of v e g e t a t i v e l y  p ropaga ted  p l a n t i n g  s t o c k  o r  
exchange of equipment from l a n d s  known t o  be i n f e s t e d .  

Our i n i t i a l  s t u d i e s  were w i th  c a n a l s  a t  t h e  lower  end of 
v.. -- -- 



t h e  Yakima Valley. Ye found t h a t  i r r i g a t i o n  water from t h i s  
l o c a t i o n  c a r r i e d  l a r g e  numbers of nematodes normally associa-  
t e d  wi th  s o i l  environments. Among t h e s e  were s i g n i f i c a n t  num- 
b e r s  of p l a n t  p a r a s i t i c  s p e c i e s ,  inc lud ing  root-knot nematode. 

I n  1966 s t u d i e s  were i n i t i a t e d  t o  determine t h e  nematode 
load  of i r r i g a t i o n  water  i n  t h e  Columbia Basin. Thir ty- three 
c o l l e c t i o n  s i t e s  were s e l e c t e d  and sampled a t  weekly o r  bi-  
weekly i n t e r v a l s  throughout t h e  growing season. A c t i v i t i e s  
were concent ra ted  i n  those  a r e a s  s e r v i c e d  by t h e  :'rest Canal 
from Ephrata t o  t h e  Royal Slope and Potholes  Reservoir .  

The Vest Canal was sampled a t  s i x  l o c a t i o n s  i n  t h e  Quincy 
Basin a s  fol lows:  Q h r a t a ,  1k7ashington, Winchester, Babcock 
Canal i n t a k e ,  White T r a i l  Road, George, and Frenchman Tunnel. 
Seasonal averages of nematodes e x t r a c t e d  from samples taken a t  
t h e s e  p o i n t s  were 0.24, 0.88, 23.15, 16.0, 12.0 and 4.73 nema- 
todes  p e r  g a l l o n  of water ,  r e s p e c t i v e l y .  Peak popula t ions  oc- 
cur red  from l a t e  R p r i l  through e a r l y  June when concent ra t ions  
of over 50 nematodes p e r  g a l l o n  of water  were found a t  k'hite 
T r a i l  Road. P l a n t  p a r a s i t i c  nematodes accounted f o r  7 %  of t h e  
nematodes e x t r a c t e d  from water  of t h e  Vest Canal, It i s  in- 
t e r e s t i n g  t o  n o t e  t h a t  no p l a n t  p a r a s i t i c  nematodes were ex- 
t r a c t e d  from wateF samples c o l l e c t e d  a t  Ephrata ,  Ylashington 
o r  above t h i s  po in t .  

Nematode a c q u i s i t i o n  i n  t h e  West Canal i s  by t h e  r e t u r n  
flow of used i r r i g a t i o n  water. For example, i n  Block 7 3 ,  w a t e ~  
is pumped t o  t h e  n o r t h  a t  Yinches ter ,  then  flows t o  t h e  e a s t  
and west a long s e v e r a l  l a t e r a l s  and is re tu rned  t o  t h e  West 
Canal. I n  t h e  in te r im,  excess  wa te r  from i r r i g a t e d  f i e l d s  is 
a l s o  r e t u r n e d  t o  t h e  West Canal. 

A l f a l f a  is t h e  predominant c rop  i n  t h e  a r e a  served by 
l a t e r a l s  e a s t  of Winchester. The seasona l  average of nematodes 
c o l l e c t e d  a t  t h e  e a s t e r n  end of one l a t e r a l  was 190.9 nematodes 
p e r  g a l l o n  of water ,  with 14.5% of t h e s e  being p l a n t  p a r a s i t e s .  
A peak popula t ion  of 879.9 nematodes p e r  g a l l o n  was observed 
on A p r i l  23. A t  t h i s  time t h e  a l f a l f a  stem nematode, Ci tylen-  
chus d i p s a c i  averaged 156.4 p e r  g a l l o n .  

A second l o c a t i o n  1.6 m i l e s  southwest of Quincy, where 
used water  i s  a l s o  re tu rned  t o  t h e  \vest Canal, was a l s o  sam- 
pled.  Here t h e  seasonal  average was 485.4 nemas p e r  g a l l o n  
of water.  A peak popula t ion  was observed on Apr i l  30 when 
1300.3 nemas were e x t r a c t e d  p e r  g a l l o n  of water. A t  t h i s  t ime 
p l a n t  p a r a s i t e s  reached 77.3 p e r  ga l lon .  

The e f f e c t  of empoundment of water  i n  t h e  Potholes  Reser- 
v o i r  on nematodes was s tudied .  Two sources  of water f o r  t h i s  
r e s e r v o i r  were found t o  con ta in  l a r g e  nematode popu la t ions ,  
t h e s e  being t h e  645 and Lind Coulee drainways, The !And Cou- 
l e e  drainway was sampled a t  a  p o i n t  t o  t h e  nor theas t  of 0 1 ~ ~ 1 -  
l i v a n  Dam where it i n t e r s e c t s  Hiway 110. Here t h e  seasonal  
average was 214.54 nemas p e r  g a l l o n  of water  and 3.4% of t h e s e  
were p l a n t  p a r a s i t e s .  DT:'645 was sampled a t  6 l o c a t i o n s  s t a r t -  
i n g  a t  i t s  source  nea r  Winchester, qrashington and ending a t  a  

.-en-- 



p o i n t  n e a r  t h e  P o t h o l e s  Rese rvo i r .  The i n t e r v a l s  between 
t h e s e  p o i n t s  ranged from 5.9 t o  7.3 m i l e s .  Following DlY645 
from i t s  s o u r c e ,  t h e  s e a s o n a l  ave rages  of nematodes p e r  ga l -  
l o n  of wate r  were 325.28, 164.12,  119.17, 47.88, 1.2 and 0.74 
w i t h  2.6";. 3.5'6, 4.1-6, 3.1%. 0.0% and 0.0% of t h e s e  being 
p l a n t  p a r a s i t e s ,  r e s p e c t i v e l y .  c ra te r  f lowing  from t h e  Pot- 
Holes  Rese rvo i r  had a  s easona l  average  of 0.26 nematodes w i t h  
no p l a n t  p a r a s i t e s  be ing  found du r ing  two y e a r s  of obse rva t ion .  

These d a t a  show t h a t  impoundment of w a t e r  i n  t h e  Pot-  
h o l e s  Rese rvo i r  e f f e c t i v e l y  s topped s p r e a d  of nematodes. How- 
eve r ,  t h e y  do n o t  show what f a c t o r s  a r e  r e s p o n s i b l e  f o r  pop- 
u l a t i o n  d e c l i n e .  The average number of nematodes c a r r i e d  i n  
t h e  r e l a t i v e l y  c l e a n  wate r  of t h e  lwest Canal dropped from 
23.15 t o  4.73 p e r  g a l l o n  i n  a  d i s t a n c e  of 25.5 mi les .  On t h e  
o t h e r  hand, i n  a  comparable d i s t a n c e  C26.4 m i l e s ]  i n  D!V645 
wasteway, t h e  average  p o p u l a t i o n  dropped from 164.1 t o  1.2 
p e r  g a l l o n .  Flost w a t e r  c a r r i e d  by DTLT645 wasteway o r i g i n a t e s  
a s  run-off  from i r r i g a t e d  f i e l d s  and a l s o  c a r r i e s  a  heavy l o a d  
of silt and organisms o t h e r  t h a n  nematodes. 

I n  s t u d i e s  s t a r t e d  i n  1967 we s e t  ou t  t o  de te rmine  i f  
p l a n t  p a r a s i t i c  nematodes c a r r i e d  i n  i r r i g a t i o n  wa te r  could 
become e s t a b l i s h e d  on i r r i g a t e d  c rops .  Although t h i s  exper i -  
ment is i n  i t s  i n i t i a l  y e a r ,  p i n  nematode has  been found t o  
be  i n t roduced  v i a  c a n a l  wate r  on to  c l e a n  l a n d  and h a s  subse- 
q u e n t l y  developed i n  l a r g e  numbers on mint .  I t  is l i k e l y  
t h a t  o t h e r  p a r a s i t i c  s p e c i e s ,  i n c l u d i n g  root-knot  nematodes, 
w i l l  fo l low.  


