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A B S T R A C T

F r o m  th e  r e s u lts  o b ta in e d  w h en n in e  in s e c t ic id e s  a n d  te n  h e rb ic id e s  w ere  

a p p lie d  a t  a  se rie s  o f d o sa g e s  to  so il in fe s te d  to  v a r io u s  d eg ree s w ith  Helmin’ 
thosporium sativum  P . K .  &  B .  i t  w a s  fo u n d  p o s s ib le  to  s e p a ra te  th ese c h e m ic a ls  

in t o  fo u r  g ro u p s  o n  th e  b a s is  o f th e ir  effects  o n  th e  g ro w th  o f b a r le y  se e d lin g s  

a n d  o n  th e  d e v e lo p m e n t o f ro o tro t in fe c t io n . G r o u p  A  ( s c h r a d a n , is o d r in ,

D C U ,  I P X ,  a n d  T C A )  a ffe cte d  n e ith e r  h o s t  n o r  d ise a se  d e v e lo p m e n t.
G r o u p  B  ( lin d a n e , d ie ld r in ,  a n d  D D T )  s t im u la te d  th e  g ro w th  o f b a r le y  

se e d lin g s  w ith o u t  a ffe c t in g  d ise a se  d e v e lo p m e n t. G r o u p  C  ( m a le ic  h y d r a z id e  

a n d  h e p ta c h lo r )  s t im u la t e d  s e e d lin g  g ro w th  b u t  in c re a s e d  th e  s e v e r it y  of 
in fe c t io n . G r o u p  D  ( a ld r in ,  e n d r in , c h lo r d a n e , N P A ,  2 , 4 - D ,  m o n u ro n ,  

D N B P ,  a n d  d a la p o n )  d id  n o t a ffe ct th e  g ro w th  o f s e e d lin g s  b u t  re d u c e d  

ro o tr o t  in fe c t io n . O n ly  D N B P  w a s to x ic  to  H . sativum  in  c u ltu r e .

I N T R O D U C T I O N

M an y  ag ricu ltu ra l chem icals used for insect and  weed contro l find 
th e ir  w ay  in to  th e  soil e ith e r th rough  d irec t app lica tio n  o r th ro u g h  accu­
m ula tion  of deb ris  from  sprayed  p lan ts . A know ledge of th e  effects of 
these m ateria ls  on soil m icro-organism s, b o th  parasites  and  sap rophy tes, 
is obviously  desirab le  b u t difficult to  achieve because of th e  com plexity  of 
th e  problem  and  the  lim ita tions of availab le  techniques. Since the  p e rtin en t 
lite ra tu re  is sca tte red  in various jou rna ls , m an y  of w hich are  n o t devoted  
to  p la n t pa tho logy , it  seem s adv isab le  to  p resen t a  b rief review  a t  th is  point.

C hanges in th e  popu la tion  of soil m icro-organism s following app lica­
tions of insecticides and  herbicides have been observed by  m an y  w orkers. 
T h e  effects of these chem icals on b ac te ria l popu la tions hav e  been  stud ied  
p rincipally  in re la tion  to  soil fe rtility  and  therefo re  will n o t be discussed 
here. T h e ir effect on th e  fungal popu la tions m ay  hav e  som e significance 
in re la tion  to  disease developm ent. A decrease in th e  num bers of soil 
fungi has been repo rted  following th e  app lica tion  of B H C  (2,23), ch lordane 
(23), D D T  (2) and  ald rin  (2). Increased  num bers of fungi w ere found 
a fte r  tre a tm e n t w ith  toxa^Jhene (2,^3). 2,4-D  applied  a t  norm al ra te s
for killing p lan ts  w as repo rted  fo hav e  no appreciab le  effect on th e  soil 
fungi (14,22).

T h e  effects of insecticides and  herbicides on the  germ ination  and 
grow th of fungi in cu ltu re  hav e  also been stud ied . P a ra th io n  and  re la ted  
o rganophosphorus com pounds were found to  in h ib it th e  germ ination  of
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spores of Venturia inaequalis and V. pyrina  while schradan  did n o t have 
th is  fung is ta tic  effect (13). T h e  d e lta  isom er of B H C  w as found to  be 
tO K ic  to  Rkizoctonia solani (27). T h e  repo rted  effects of 2,4-D  on fungi in 
c u ltu re  v a ry  from  fungitoxic and  fung ista tic  to  s tim u la to ry , depending  on 
th e  form ula tion , co n cen tra tion  and  te s t  organism  (1,7.8,9,19,24).

Several cases hav e  been reported  w here th e  developm ent of fungus 
diseases of p la n ts  has been affected b y  insecticides. K hap li w h ea t seed­
lings, for exam ple, becam e susceptib le  to  races of stem  ru s t to  w hich th ey  
w ere norm ally  re s is ta n t w hen sp rayed  w ith  D D T  a  few d a y s  p rio r to  inocu­
la tio n . T h is  response w as specific to  the  v a rie ty , and  th e  pathogen ic ity  
of th e  ru s t races involved w as n o t changed (12, 10). H igh concen tra tions 
of D D T  in  soil a p p a ren tly  rendered  seedlings of m any  p la n ts  m ore suscep­
tib le  to  dam ping-off fungi w hereas B H C  and  ch lo rdane appeared  to  in h ib it 
these  path o g en s (4). D D T  and  B H C  p rep ara tio n s showed som e fungicidal 
va lu e  ag a in st P uccin ia  a n tirrh in i w hen applied  w ith  spores of th is  ru s t to  
sn apdragon  leaves (6). Systox  applied  to  sugar-beets as a  p rophy lactic  
sp ra y  reduced  th e  incidence of in fection  by Cercosporella beticola (26).

T h e  herbicides found  to  affect disease developm ent have  been of the  
g row th -regu la ting  type . 2,4-D  w as found to  in h ib it the  germ ination  of 
urediospores and  g row th  of germ  tub es of P uccinia gram inis avenae. W hen 
app lied  to  leaves i t  also reduced  th e  num ber of u red ia  on a  susceptjb le  o a t 
v a r ie ty  b u t  th e  ch arac teris tic  v a rie ta l reactions to  s tem -ru st races were 
n o t a lte red  significantly  (11). H igh  co n cen tra tions of 2,4-D  were required  
to  in h ib it germ ination  of urediospores of P uccin ia  coronata (18). W h ea t 
seedlings sp rayed  w ith  m aleic hydrazide  had  larger leaf ru s t pustu les (15) 
and  w ere co nsisten tly  m ore susceptib le to  stem  ru s t (3) th a n  u n trea ted  
p lan ts . Im m une reactions w ere no t a lte red , how ever, and  a  re s is tan t 
ty p e  reaction  did n o t change to  susceptib le except in th e  v a r ie ty  K hapli. 
T h e  p a th o g en ic ity  of Ilelm in thosporium  sativum  to  M ida w h ea t was in­
creased w hen th e  inoculum  w as grow n on m edium  conta in ing  2,4-D. 
T h is  re su lt w as ev id en tly  due  to  th e  predisposing effect of 2,4-D  on the  
h o s t p la n t ra th e r  th a n  to  an  increase in v iru lence of th e  pathogen  (9). 
2,4-D  and  o th e r g row th -regu la to rs d id  no t a lte r  th e  norm al reaction  of 
R ed K idney  and  K en tu ck y  W onder beans to  a lp h a  and  b e ta  s tra in s  of 
Colletotrichum lindem uth ianum  (17). T h ere  w as som e reduction  of severity  
of infection , how ever, w hich w as a ttr ib u te d  to  suppression of developm ent 
of susceptib le  h ost tissues by  2,4-D  ra th e r  th an  a  m odification of th e  p lan t 
m etabolism . 2,4-D  applied  to  flax foliage had  no a p p a re n t effect on 
its  reaction  to  pasm o, ru s t, au th racnose , or stem  b reak  (20). Spray ing  
to m a to  foliage w ith  2,4-D  and  o th e r p lan t g row th  regu la to rs w as found to  
increase resistance to  F 'usarium  w ilt (5). P lan ts  sprayed  w ith  m aleic 
hyd razide , on th e  o th e r hand , w ere m ore severely affected by  Fusarium  
lycopersici (25).

W ith  a  view  to  gain ing fu r th e r  in form ation  concerning th e  effect of 
insecticides and  herbicides on th e  developm ent of p la n t diseases of various 
types» a  series of investigations w as undertaken  a t  th is  labo ra to ry . T he 
p resen t com m unication  deals w ith  th e  effect of such chem icals on the  
developm ent of th e  seedling disease of barley  caused by  Ilelm inthosporium  
sativum  P .K . & B.
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M E T H O D S

T h e  techn iques em ploj ed in p roducing  and  assessing H elm inthospor- 
ium  ro o tro t infection were those developed by  Ludw ig et al. (16). B arley 
seedlings were grow n in a  ligh t san d y  soil infested w ith  H . sativum  to  
various degrees by  m ixing differen t p roportions of inoculum  grow n on a 
sand-cornm eal m ix tu re  fortified w ith  C zapek’s m edium . T h e  chem icals 
w ere applied  in a  logarithm ic series of concen tra tions im m ediately  a fte r 
in festa tion . D epending  on th e  n a tu re  of th e  m ateria l, applica tion  w as 
m ade in one of th ree  w ays: (1) as a  finely d iv ided pow der mixed w ith  the  
soil and  d ilu ted  w ith  u n trea ted  soil hav ing  the  sam e inoculum  concen tra tion ; 
(2) as a  suspension (prepared  by  add ing  1 p a r t  of an  acetone solution of 
th e  chem ical to  99 p a r ts  of w ater) m ixed and d ilu ted  w ith  soil in the  sam e 
w ay : (3) as an  aqueous solution applied  a t  the  required  concen tra tion  
d irec tly  to  each co n ta in e r of soil a f te r  the  seeds had been p lan ted . T he 
insecticides and  herbicides are listed in T ab le  I w ith  th e ir  chem ical nam es 
an d  dosage ra tes . T echnical g rade  chem icals were used w hen availab le  
and dosages were calculated  on a  w eight basis as p a r ts  per m illion of active 
ingred ien t in soil. T h e  ranges of concen tra tions selected for te s ts  included 
th e  h ighest ra te  recom m ended for field application  and  ex tended  bo th  
above and  below th is  level. In  com puting  dosage ra tes, 1 lb. per acre 
w as tak en  as eq u iva len t to  1 p .p .m . by  Aveight of soil.

P la n t ban d s {2" X 2” X 3") were filled, in trip licate , w ith  the  various 
trea ted  and  infested soil m ix tures and  phinted a t  a uniform  d ep th  w ith  ten  
barley  seeds of th e  v a rie ty  O .A.C. 21. Soil m oisture  was m ain ta ined  as 
nearly  as possible a t  th e  op tim um  for p lan t grow th by  daily  w atering . T he 
average  heigh t of seedlings in each band  a  w eek to  ten  da>s a fte r jjlanting  
w as tak en  as a m easure of the  effect of th e  chem ical being tes ted  on both  
h o st developm ent and  disease developm ent. T h e  seedlings w ere then 
rem oved from  th e  soil and  the ir roo ts w ashed so th a t  th e  degree of ro o tro t 
infection  could be observed.

R E S U L T S

I t  w as found  th a t  the  iiisecticides and  herbicides tested  could be 
separa ted  in to  four groups on th e  basis of the ir efTect on the  grow th of 
barley  seedlings in non-infested soil and  th e ir  efTect on the  developm ent 
of ro o tro t in seedlings grow’n in infested soil. M ost of th e  chem icals 
caused s tu n tin g  and  o th e r phy to tox ic  effects when app lied  a t  the  h igher 
dosage ra tes , b u t w ith in  the  range of concen tra tions to lera ted  by  barley 
seedlings differences appeared , some chem icals causing s tim u la tion  of p lan t 
g row th  and  o thers having  no effect. T h e  chem ical effects on disease 
developm ent varied  from  decreased infection to  increased infection in 
com parison w ith  the  controls.

T h e  chem icals tested  are  grouped in T ab le  I according to  th e ir  effect 
on th e  grow th  of barley  seedlings and  on disease developm ent:

Group A .  C hem icals placed in th is  group  had  no ap p a ren t effect on e ither 
th e  g row th  of barley  seedlings o r on disease developm ent. T hus, all 
seedlings grow n in soil w ith  the  sam e inoculum  co n ten t w ere essentially  
of equal heigh t and  showed the  sam e degree of infection, regardless of the



T a b l e  1.— I n s e c t i c i d e s  a n d  h e r b i c i d e s  e x a m i n e d  f o r  t h e i r  e f f e c t  o n  t h e  d i s e a s e  
OF b a r l e y  s e e d l i n g s  c a u s e d  b y  Helmintkosporium sativum

G roup* C om m on n am e C hem ica l nam e
D osage
range

(p-p .m .)

A schradan* b is (d im ethy lam ino ) phosphonus an h y d rid e 50-800

isodrin* ],2 ,3 ,4 ,I0 ,10 -hexacb lo ro -I.4 ,4a ,5 ,8 .8a-hexah} 'd ro -l:4 . 
5 :8 -M ^ritc jo -d im e tlia n o -n a p h th a le n e

25 -4 0

D CU* b is(l-h y d ro x y -2 :2 ;2 -tr ich lo ro e th y l)u rea 0 .6 2 -1 0

IP X  (sodium  sa lt) sod ium  isopropy] x an th ic  ac id 0 .6 2 -1 0

IPC» isopropy l N -p h en y lca rb am a te 0 .2 5 -4

T C A  (sodium  sa lt) ’ tr ich lo ro ace tic  ac id 0 .0 6 -1 0

B lindane* gam m a-1 :2 ;3 :4 :S :6  hexachlorocyc{obexane 25-400

dieldrin* ],2 ,3 i4 ,10 ,10-hexach lo ro -6 ,7 -epoxy-l,4 ,4a,5 .6 ,7 ,8 ,8a 
octohyd ro -1 ,4 .5 ,8  d im e th a n o -n ap h th a len e

5 -80

D DT> l : t  ;l-trich ]o ro -2 :2 -d i(j> -ch lo ropheny l)ethane 6.2 -1 0 0

C m aleic  hydrazide* 1:2 'd ihyd ropy ridaz ine -3 :6 -d ione 0 .0 6 -1

heptachlor* l,4 ,5 .6 ,7 ,8 ,8a -hep tach lo ro -3a .4 ,7 ,7a-te trahyd ro -4 |7 -sn io -
m e thano indene

5 -80

D aldrin* 1.2 .3 .4 ,10 ,l0-hexachloro-t,4 ,4a..'5 .8 .sia-hexahydro-l:4 .5 :8- 
d iin e th a n o -n ap h th a len e

2 .5 -8 0

endrin* t,2 ,3 ,4 ,IO ,10-hexachloro-6 ,7-epoxy-l,4 .4a .S .6 ,7 ,8 ,8a-
o c ta h y d ro 'l .4 .5 ,8-M (2o-«K do-dim ethano-naphthalene

5 -80

chlordane* 2 ,3 ,4 ,S ,6 ,7 ,8 ,8 -octoch lo r-3a,4 ,7 ,7a-tetrahydro-4 :7 -
m e th an o in d an

2 .5 -4 0

N PA » N - l-n a p h th y l p h th a lam ic  acid 0.6 -1 0

2.4-D (am ine)* 2 ,4 -d ich lo rophenoxyacetic  acid 2 .5 -4 0

m onuron* 3 -(^ -ch lo ro p h en y l)-l :l-d im e th y l urea 0 .3 - 5 .0

D N B P  (alkano i- 
am in e  salts)*

4-6-d in itro> ortho-jec .-bu ty lpheno l 0.6 -1 0

d a lap o n  (sodium  
s a l t ) '

2-2-d ich lo ro -p rop ion ic ac id 0.6 -1 0

1 G ro u p in g  based  o n  th e  effect of chem ical on  h o s t p la n t a n d  d isease d eve lopm en t (see te x t) .
* Insecticide .
• H erb ic ide .

dosage of chem ical applied , up  to  th e  concen tra tion  causing stu n tin g . 
T h e  p la n t h e igh t d a ta  for sch rad an , a  ty p ica l G roup  A chem ical, a re  p re ­
sen ted  as a  th ree-d im ensional g rap h  in F igure lA  so th a t  th e  effect of bo th  
v ariab le  factors, soil inoculum  c o n te n t an d  chem ical dosage, m ay  be com ­
pared  d irec tly .

A n unusual effect w as observed w hen th e  soil w as tre a te d  w ith  T C A . 
In  non-infested  soil, 0 .0 6  to  1 .0  p .p .m . T C A  had  no effect on  th e  ho st; 
1 .2 5  p .p .m . caused  sligh t s tu n tin g ; w hile higher co n cen tra tions produced 
ab o rted , short-lived , blue-green seedlings. In  infested soils, on th e  o th e r 
hand , 2 .5  p .p .m . T C A  had  no effect w here 5 to  15 p e r cen t inoculum  w as 
p resen t, and  5 p .p .m . had  no effect a t  th e  h igher inoculum  levels. T h u s 
th e  inoculum  in som e w ay co u n terac ted  th e  p h y to to x ic ity  of th is  chem ical.

Group B . C hem icals in th is  g roup  stim u la ted  th e  g row th  of b arley  seed­
lings w ith o u t a lte ring  th e  degree of ro o tro t infection. T h e  effect of lindane 
on p la n t he igh ts is represen ted  in F igu re  IB . In  non-infested  soil and



a t  each inoculum  level th e  h e igh ts increased as th e  chem ical dosage in ­
creased up  to  20 p .p .m . and  th en  dec reased ; y e t all p lan ts  from  soil infested 
to  th e  sam e degree showed equal ro o tro t infection. T h u s  tre a tin g  soil 
w ith  G roup  B chem icals resu lted  in m ore vigorous seedlings, due  to  chem ical 
s tim u la tio n , n o t disease control.

Group C. C hem icals in th is  group  also  s tim u la ted  the  g row th  of seedlings, 
as  ind ica ted  by  th e  heights of seedlings grow n in non-infested  soil. In  
infested  soils, how ever, th is  beneficial effect w as m ore th a n  offset b y  an  
increase in severity  of ro o tro t so th a t  sh o rte r p lan ts  resu lted  from  chem ical 
tre a tm e n t. T h e  effect of m aleic hydrazide  m ay  be seen in F igure IC . 
W ith  0 and  5 p er cen t inoculum  in th e  soil th e  p la n t heigh ts increased as 
th e  chem ical dosage increased; a t  h igher inoculum  levels th e  heights 
decreased as th e  chem ical increased. W ashed roo ts  of th e  la t te r  p lan ts  
show ed a  progressive increase in severity  of ro o tro t w ith  increasing chem ical 
dosage.

Group D . T h e  chem icals listed  in th e  final group  h ad  no s tim u la to ry  
effect on barley  seedlings b u t  im proved those  grow n in infested soils by 
reducing  th e  severity  of ro o tro t infection. T h e  p la n t h e igh t d a ta  for 
a ld rin  tre a tm e n ts  are  presen ted  in  F igure  ID . A ldrin tre a tm e n ts  up to  
10 p .p .m . had  v ir tu a lly  no efYect on th e  h e igh t of seedlings grow n in non- 
infested  soil, w hile h igher concen tra tions reduced it. In  infested soils, 
how ever, th e  p la n t he igh ts increased w ith  increasing concen tra tions, even 
to  40 p .p .m . T h a t  th is  effect w as correla ted  w ith  a  reduction  of ro o tro t 
m ay  be seen from  th e  p ho tog raph  (F igure  2) of one rep licate  of these 
p lan ts .

F igure 3 illu stra tes a  se t of barley  seedlings grow ing in soils trea ted  
w ith  N P A , a n o th e r chem ical of G roup  D . N o t only has th e  chem ical 
im proved  th e  seedlings b y  reducing  ro o tro t, b u t  th e  inoculum  has in some 
w ay  overcom e th e  phy tox ic  effects of th e  h ighest concen tra tion  of the  
chem ical (s tu n ting , rolling an d  d isto rtio n  of leaves).

E F F E C T  O F  I N S E C T I C I D E S  A N D  H E R B I C I D E S  O N  H .  S A V IT U M  I N  C U L T U R E

In  o rd er to  de term ine  to  w h a t ex ten t th e  effect of an  insecticide or 
herb icide on disease developm ent could be a ttr ib u te d  to  a  d irec t effect on 
th e  causal organism , each of th e  chem icals w as te s ted  for tox icity  to  II . 
sativum  in cu ltu re . F or th is  purpose tub es of C zap ek ’s ag ar were m ade 
up  w ith  a  series of concen tra tions of each chem ical in so lu tion  or suspension, 
th e  requ ired  am o u n t of chem ical being  added  to  each tu b e  as e ith e r a 
w a te r  o r acetone solu tion  a fte r  au toclav ing . T h e  final acetone co n ten t 
of th e  m edium , w here p resen t, w as 2 per cent. Insecticides were tes ted  
a t  12 .5 , 25, 50 and  100 p .p .m ., and  herbicides a t  1 .24 , 2 .5 , 5 and  10 p .p .m ., 
to  cover th e  dosage ranges te s ted  in th e  disease tria ls . T h e  tu b es were 
cooled to  50®F., inoculated  w ith  spore suspension, shaken , and sloped for 
final cooling and  solidification. A fte r incubation  a t  room  tem p era tu re  
th e  re la tiv e  am o u n ts  of m ycelial g row th  were observed. D N B P  w as th e  
o n ly  chem ical to  affect th e  g row th  of H . sativum , re ta rd in g  i t  a t  1.25 
p .p .m . and  inh ib iting  i t  com pletely  a t  h igher concen trations.
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Since the hydrogen-ion concentration of the medium is known to 
affect the toxicity of many compounds (21), the experiment was repeated 
using a buffered synthetic medium adjusted to pH levels 2.5, 5.5 and 7.5. 
Again only DNBP was fungitoxic and its effect did vary with the acidity 
of the medium. At pH 3.5 growth was inhibited by 1.25 p.p.m. DNBP; 
a t pH 5.5 growth was retarded by 2.5 p.p.m. and inhibited by 5.0 p.p.m., 
a t pH 7.5 growth was only retarded by 10.0 p.p.m.

DISCUSSION

From the results of these studies it appears unlikely that the appli­
cation of these insecticides and herbicides to the soil will aggravate the 
disease of barley seedlings caused by Helminthosporium sativum. Only 
two of the nineteen chemicals tested gave any indication of increasing 
the degree of infection, whereas eight were beneficial in that they reduced 
infection and the remainder had no effect on disease development.

The mechanism of action of these chemicals which did affect disease 
development is a matter of speculation. Since only one chemical, DNBP, 
was toxic to H. sativum in culture, the effect cannot be explained in all 
cases by a direct action of the chemicals on the causal organism. I t is 
possible that the chemicals alter the metabolism of the host in a way 
which increases or decreases its resistance to the disease. There was no 
apparent relationship between effect on disease development and chemical 
structure. Aldrin and dieldrin, for example, were not grouped with their 
isomers isodrin and endrln.
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