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ABSTRACT 

In the  past 22 years, only 18 of the  114 chemicals and chemical combinations 
tes ted reduced Verticillium wilt and these  did not always increase yields. Only one 
(Lanstan @ ) of the 18 chemicals was not a soil fumigant. Most of the 18 
chemicals were not cleared for use. In Washington, single fumigants, except  for 
Vapam @ and Vorlex @ have not controlled Verticillium dahliae. In the  1960ts, 
fumigation combinations of  elo one@+ c h l o r o p i c r i n , @  + chloropicrin, ethylene 
dibromide + chloropicrin and M-2467 (Vidden D@ + propargyl bromide) were tested 
for  control of V. dahliae. In the  1970ts, Telone C@ (Telone + chloropicrin), Telone 

+ chloropicrin), DD-PIC @ (DD + chloropicrin) and 
dibromide + chloropicrin), 30 D@ (DD + chloropicrin), 
+ chloropicrin) were evaluated. . Some of t he  above 

combinations a r e  not available today because they were not effective,  too 
expensive, or discontinued by the  supplier in Washington. In the  19801s, Vapam @ 
c a m e  into use for control of Verticillium dahliae a f t e r  studies in Israel showed i ts  
effectiveness when applied t o  soil in irrigation water (33). 

In general, fumigation increased potato  yields on Verticillium dahliae infested 
soils cropped the previous year t o  potatoes but seldom on .  soils cropped the 
previous year to  non-hosts of V. dahliae such a s  field corn and sudan grass. 
Cropping the  previous year t o  suzan grass does not always reduce Verticillium wilt, 
but this rotation maintains tuber quality and high yields. Yields following sudan 
grass a r e  100 cwt /a  more than on plots cropped the previous year t o  potatoes. 
Fumigation increases yields in soils previously cropped t o  potatoes but not in soils 
previously cropped t o  sudan grass. 

Scientific Paper No. 7370. Project  1709, Washington S t a t e  University, College 
of Agriculture and Home Economics, Pullman, Wa. 99164. 

Mention of a product used in these  studies does not const i tu te  a recommendation 
of the  product by Washington S ta te  University over other products. 

This Presentation is par t  of t he  Proceedings of the  1986 Washington S t a t e  Potato  
Conference & Trade Fair. 



Pseudomonas fluorescens s t ra in  M-4, a n  antagonist of V. dahliae, in vitro, -- 
colonized roots produced from t h e  pota to  seed pieces coated with this organism but 
did not suppress Verticillium wilt or  increase pota to  production in the  field. 

Development of a giant hill mutant  of Russet Burbank t h a t  is resistant  t o  
Verticillium wilt and t h a t  would not require chemical  control  of "early dying" 
appears possible. 

INTRODUCTION 

In Washington, Verticillium wilt,  caused by Verticillium dahliae can  decrease 
yields 20-40%, especially in long, warm seasons which induce moisture s t ress  (6). 
Nitrogen deficiency also induces stresses which accen tua te  losses from Verticillium 
wilt. 

In 1948, Nielsen in Idaho determined tha t  Verticillium wilt referred t o  a s  
"early dying" by growers was caused by Verticillium albo-atrum R. and B. (37). He 
also showed that  proper soil fert i l ization and crop rotation reduced losses due t o  
this disease. He found fumigation with chloropicrin reduced plant dying and 
increased yields. 

In 1960, on a fa rm near Moses Lake, Washington, R. Kunkel began fumigation 
tr ials  for control of "early dying" (35). This field had ra i sed .  only one crop of 
potatoes previously. Soil fumigation with chloropicrin, Vapam, Vorlex, Telone, and 
a combination of Telone + chloropicrin, f i r s t  suggested by J. R. Fisher, formerly 
with Dow .Chemical, delayed "early dying" and increased yields in plots significantly 
more  than in untreated plots. Telone + chloropicrin, Vapam, and Vorlex increased 
pota to  yields not only the  f i rs t  but even the  second year following fumigation. 

Near Prosser, Wa., in 1963, work was s ta r t ed  on biological, chemical, and 
cultural  control of "early dying". In 1965, tr ials  were  also init iated near Othello, 
Wa. A summary of results a r e  presented herein. 

In September 1975, i t  was observed tha t  most fields of Russet Burbank 
contained from a few t o  5% natural mutation of giant  hill plants. These single or 
double stemmed plants with profuse flowering and very large  canopies usually 
remained green until f ros t  and produced large yields of misshapened tubers. A few 
of these  giant hill plants had very large uniform tubers t h a t  appeared t o  have 
qualities and disease resistance superior t o  standard Russet Burbank. Results of 
subsequent test ing of several of these  clones a r e  also described herein. 

Irradiation studies on Russet Burbank were  conducted in a n  e f fo r t  t o  develop 
mutant  strains resistant  t o  Verticilliurn wilt with uniform tuber shape and high 
yields. 

Pseudomonas fluorescens isolated from pota to  rhizosphere and antagonistic t o  
V. dahliae in culture plates was studied in greenhouse and field for control  of V. - - 
dahliae. 



Preliminary studies showed t ha t  potato production and quality was high 
following cropping t o  green peas plus sudan grass (29). Fumigation of such soils did 
not increase production or quality. Further studies with this rotation were  
compared t o  monocropping of Russet Burbank potato for control  of - V. dahliae and 
increase in yields. 

METHODS AND MATERIALS 

Depending upon their volatility, solubility, or special characterist ics,  t he  
chemicals given in Table 1 were either applied t o  soil preplant by shanks at 9 
inches in depth and 9 inches apar t ;  spread dry or sprayed on soil surface preplant 
and soil incorporated with a rototiller; dusted on potato  seed pieces before 
planting; sprayed in an  8-inch band over the  potato seed at planting; side-dressed 
t o  each side of plants in the row; sprayed on foliage during the  growing season; 
applied t o  bare soil in the  water  during row irrigation; or drenched preplant in 
water  over the bare soil. 

In fall  1980, Vapam was applied to soil previously cropped t o  potatoes via 
sprinkler water t o  six-10 ac r e  pie-shaped plots of a cen te r  pivot circle. In 1981, 
t h e  circle was planted t o  Russet Burbank and yield and tuber quality were 
compared in fumigated and control  plots. 

In irradiation studies on Russet Burbank, "melon balls" (25,000) including eyes 
were  extracted from tubers  and were exposed t o  7000 RADS of Cobalt 60 radiation 
at the Reactor Center,  Washington S ta te  University, Pullman, Wa. Treated eyes 
t h a t  survived were planted with a Lockwood assist feed potato  planter. Tubers 
were  saved from resulting plants t ha t  appeared resistant t o  Verticillium wilt and 
had smooth, large tubers. 

Plants from seed pieces of Russet Burbank coated with P. fluorescens 
isolates were examined for colonization of roots by - P. fluores&ns, delay of 
Verticillium wilt, and increases in yield. 

All chemical, irradiation t reatments  and P. fluorescens-coated seed piece 
t reatments ,  except the  Vapam sprinkler applied t reatments ,  were  in plots ei ther 9 
f t  or  12 f t  wide by 20 f t  long and were completely randomized in blocks using a t  
leas t  three  and most of ten six replications. 

In 1980, t o  further study t he  beneficial e f f ec t  of cropping t o  green peas plus 
sudan grass, Russet Burbank potatoes were planted in strips, 30 f t  in width across a 
field alternating with str ips planted first  t o  green peas and la te r  t o  sudan grass. In 
1981 plots 20 f t  long by 12 f t  wide were fumigated with Telone C-17 (25 gal/A) in 
each strip. Russet Burbank potatoes were planted over the  en t i re  field, observed 
for Verticillium wilt and harvested for yield data. All t r ea tments  were replicated 
six times. 

During the falls of 1981 and 1982, 112 giant hill plants each with six, 
uniform, large tubers were selected and hand dug from commercial  fields. The 
next spring the  six tubers from each hill were cu t  lengthwise. One-half of each 
tuber was saved for seed increase and the  other  halves were hand planted. 



A seed piece of a red variety was a l t e rna ted  with each  half t o  f ac i l i t a t e  identi- 
f ication during digging. The six halves of each hill selection were  not planted 
together,  but  were  distributed throughout t h e  t r i a l  randomly with all o the r  
selections thus providing six replications of single hill plots. A row of standard 
Russet  Burbank (Elite 3 cert if ication) was planted on both sides of each plot row t o  
provide separation and competition. The incidence of Verticillium wilt was 
recorded and tubers in each hill were  hand dug, graded and weighed. 

RESULTS 

Of the  114 individual chemicals, compounds, o r  combinations tes ted  from 
1963 t o  1985, only 18 (DD + chloropicrin, DD-PIC@, EP-197, EP-201, Lanstan, 
M-2467, M-2467 + chloropicrin, Telone + chloropicrin, Telone C, Telone C-17, 
Telone PBC @ Terr-o-gel 67 @ , Terr-o-gas 57-431. @ , Terr-o-cide 30, 
Terr-o-cide 30D, Terr-o-cide 54-45, Vapam and Vorlex) ~ n c r e a s e d  yield significantly 
more  than the  untreated controls and most  of these  delayed Verticillium wilt 
symptoms (see l i tera ture  c i ta t ion in Table I) .  Of t h e  18 chemicals, only Lanstan, 
although very volatile, would not be classified as a fumigant. Of t h e  17 fumigants, 
only Vorlex and Vapam were  not  mixtures of fumigants. 

In our e f f o r t  t o  produce a Verticillium wilt res is tant  mutant  of Russet 
Burbank, of the  25,000 eyes  irradiated,  20 t o  50% of t h e  eyes  sprouted and were  
planted in commercial  fields. About 4% of these  emerged and 18 plants appeared 
resistant  t o  Ver t ic i l l~um wilt but had poorly shaped tubers. It was difficult t o  
distinguish the  18 Verticillium wilt resistant  plants from giant  hill mutations in t h e  
non-irradiated El i te  111 cer t i f ied  seed control. Af ter  replanting of the  18 selections 
t h e  next season, al l  were  discarded because of poor tuber shape or contamination 
with plant viruses. 

In two years of field trials, coating seed pieces with - P. fluorescens resulted 
in root  populatiqns of P. fluorescens comparable  t o  those  obtained in greenhouse 
tes ts ,  about 10 colony forming unitslg of root  (36,39,40). However, these  
t r ea tments  neither suppressed Verticillium wilt nor increased yield, nor percent 
U.S. No. 1 tubers. 

Previous cropping t o  green peas + sudan grass did not reduce Verticillium 
wilt but did reduce by one-half t h e  colonization of po ta to  s t e m s  by V. dahliae (29). 
This rotation also increased yields over 100 cwt/A,  t h e  % U.S. ~ o . 1  tubers 10 t o  
20%, and increased specific gravity 0.002 to 0.008, significantly more than on soil 
cropped t h e  previous year t o  potato. Fumigation of soil previously cropped t o  
green peas + sudan grass did not further increase  yield o r  tuber  quality. 

The 112 giant  hill Russet  Burbank selections collected from commercial  
f ields in 1981 and 1982 have been compared over a 3-year period with crops  grown 
from Eli te I11 cer t i f ied  seed (Easton, G. D., unpublished). Most selections a r e  
resistant  t o  Verticillium wilt and seven produced yields and tuber quality equal t o  
or more than standard Russet Burbank. 



DISCUSSION 

Most of the  17 fumigants t ha t  controlled V. dahliae were either not cleared 
for use by the  Environmental Protection Agency -e been used very l i t t le  
because they either a r e  explosive, too toxic, or too expensive. DD + PIC was 
removed from use by Shell Chemical Company. In Washington, only Telone C-17 
and Vapam a r e  used fo r  control on a wide scale. Lanstan soil t r ea tment  controlled 
V. dahliae one year but not in subsequent trials. No new chemical control agents  - 
have appeared in the  last  10 years. 

In the  field, biological control of V. dahliae by coating seed pieces with 
antagonistic bacteria did not control ~ e r t i c i l l i u m  wilt o r  promote growth, in spite 
of promising results from earlier studies (34,36,38,39,40). In the  greenhouse, under 
controlled conditions, with higher soil populations of V. dahliae, Verticillium wilt 
was suppressed. Plant growth was increased and tuber-yields often increased when 
the  antagonistic bacter ia  were present (39,40). In a field near Prosser, Wa., low 
populations of V. dahliae in soils (100 t o  200 V. dahliae propaguleslg soil) and s tems  
(10,000 t o  50,500 y. dahliae propagules/g %f stem) may explain why bacteria1 
antagonist coating of seed showed no beneficial effect .  In 1967 in severely 
infected fields, we  reported 2000 t o  4000 propaguleslg of soil near Prosser, Wa. 
and 24,000 t o  32,000 propagules/g of soil near Othello, Wa. (8,9). Stems from the  
Othello fields contained 7 t o  24.5 million propagules. Bacterial antagonists should 
be tried in fields such a s  these. Low populations of V. d a h l ~ a e  may also explain 
why in fields cropped many years t o  potatoes,  ~ e r t % i l l i u m  wilt appears t o  be 
suppressed and does not appear until very l a t e  (Easton, G. D., unpublished). Soil 
fumigation of such fields does not increase yields. 

Short rotations t o  non-host crops of V. dahliae, such a s  sudan grass may not 
reduce "early dying" but they do maintai% yields and tuber quality (29). Soil 
fumigation following these non-host crops provides no additional yield response. 
Fumigation of soil by Vapam following a grain corn crop did not  decrease 
Verticillium wilt o r  increase tuber quality o r  yield (28). These crops do, however, 
reduce wind and water soil erosion. 

Selection of a giant hill mutant of Russet  Burbank resistant t o  Verticillium 
wilt and with yields and tuber quality equal t o  standard Russet Burbank may be 
possible. Such a selection should eliminate t he  need for Verticillium wilt control. 

Cultural practices such a s  week-free crop rotation, adequate fertilization, 
irrigation practices tha t  reduce nutrient leaching, and tillage t ha t  reduces soil 
erosion all maintain plant and root health and suppress Verticillium wilt. Po ta to  
plants may be infected, but due t o  good plant health and vigor, - V. dahliae will 
cause minimal damage. 

There a r e  examples of farms in Washington t ha t  have raised 8 to  10 potato  
crops but because non-Verticillium host crops have been rota ted previous t o  potato  
the re  is l i t t le  - V. dahliae in the  soil (Easton, G. D., unpublished). 
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