
^  HOST—PARASITE RELATIONSHIPS OF THE ROOT-KNOT 

NEMATODES, MELOIDOGYNE INCOGNITA AND

M. JAVANICA , ON BEANS 

( PHASEOLUS VULGARIS)

\\

by

BENJAMIN WAMBUA

A th e s is  subm itted in  fu l f i lm e n t  f o r  the Degree 

o f  D octor o f  Ph ilosophy in  the U n iv e rs ity  

o f N a iro b i

1973



d eclaratio n

I ,  BENJAMIN WAMBUA NGUNDO, hereby d ec la re  

tha t th is  th es is  i s  my o r ig in a l  work and has 

not been presented Tor a degree  in  any o th er 

U n iv e r s ity .

Septem ber, 1973*

We, P ro fesso rs  DONALD P. TAYLOR and 

THOMAS R. ODHIAMBO, hereby d ec la re  th a t th is  

th e s is  has been subm itted f o r  exam ination  w ith  

our approva l as U n iv e rs ity  su p e rv is o rs .

DONALD P. TAYLOR

September, 1973*

THOMAS R. ODHIAMBO



ACKNOWLEDGEMENTS

I  w ish  to  express my g ra t itu d e  to  P ro fe s so r  

Donald P. T a y lo r , N em ato log is t, East A fr ic a n  

A g r ic u ltu re  and F o re s try  Research O rgan iza tion , f o r  

h is  gu idance, va lu ab le  su gges tion s , c o n s tru c t iv e  

c r i t ic is m ,  and encouragement throughout th is  

in v e s t ig a t io n .  I  am a lso  g r a te fu l to P ro fe s so r  

Thomas R. Odhiambo, E n tom olog ist, U n iv e rs ity  o f 

N a iro b i, f o r  h is  va lu a b le  c r it ic is m s  o f ,  and keen 

in t e r e s t  in ,  the work.

The c o -o p e ra t io n  r e c e iv e d  from  Mr. W heeler o f  the 

Kenya Canners P la n ta t io n  L t d . , and Mr. C h ris tensen  o f 

the Kuraiha E s ta te , Thika, in  ca rry in g  out the f i e l d  

experim ents on th e ir  E sta tes  i s  g r e a t ly  a p p rec ia ted . 

Thanks are a ls o  due to the S h e ll Chem icals L td , f o r  

supp ly ing n em atic id e  used in  the f i e l d  experim ents.

X am g r e a t ly  in deb ted  to the s t a f f  o f  the S t a t is t i c s  

D iv is io n , E .A .A .F .R .0 . ,  f o r  a n a ly s is  o f  d a ta ; to 

Dr. Freeman, S t a t is t ic ia n ,  N a tion a l V ege tab le  Research 

S ta t io n , England, f o r  c r i t i c i s in g  the an a lyses ; and 

to the s t a f f  o f  Nem atology S ec t io n , E .A .A .F .R .0 ., 

f o r  th e ir  te c h n ic a l a s s is ta n c e .

S p ec ia l thanks are due to  my w i fe ,  Mwelu, f o r  

her p a tien ce  and understanding throughout th is  work,



and fo r  her in va lu ab le  h e lp  in  typ ing the thoa is .

Dr.B.N. M ajisu , D ir e c to r ,  E .A.A .F .R . 0. , ia  thanked 

fo r  having a llow ed th ia  in v e s t ig a t io n  to  bo ca rr iod  

out as a p a rt o f  tho D iv is io n a l research  programme.

This th es is  i s  submitted to  the U n iv e rs ity  o f  N a irob i 

w ith  h is  kind permission#



TABLE OF CONTENTS

SUMMARY . . .  7

1 GENERAL INTRODUCTION . . .  12*

Nematodes g en e ra l d e s c r ip t io n  . . .  12

Nom enclature oT root~knot

nematodes . . .  15

D is t r ib u t io n  and host range 

o f  M. in c o g n ita  and

M. ja va n ica  . . .  17

Economic im portance o f ro o t-k n o t  

nematodes and need fo r

re sea rch  on beans . . .  18

2 MATERIALS AND METHODS . . .  2k

E f f e c t  o f n em atic id e  a p p lic a t io n

on bean y ie ld s  . . .  2k

L o ca tio n  and c h a ra c te r is t ic s  o f

experim ental, p lo t s  . . .  2k

S o i l  and r o o t  sam pling methods . . .  25

Nematode e x t r a c t io n , enumeration

and id e n t i f i c a t io n  . . .  26

CHAPTER PAGE

P rep a ra t io n , treatm ent and 

maintenance o f p lo ts 27



TABLE OF CONTENTS

SUMMARY . . .  7v

1 GENERAL INTRODUCTION . . .  12

Nematodes g e n e ra l d e s c r ip t io n  . . .  12

Nomenclature o f  ro o t-k n o t

nematodes . . .  15

D is t r ib u t io n  and Host range 

o f  M. in c o g n ita  and

M. ja va n ica  . . .  17

Economic im portance o f  ro o t-k n o t  

nematodes and need fo r

re sea rch  on beans . . .  18

CHAPTER PAGE

2 MATERIALS AND METHODS . . .

E f f e c t  o f n em atic id e  a p p lic a t io n

on bean y ie ld s  . . .

L o ca tio n  and c h a ra c te r is t ic s  o f

experim en ta l p lo t s  . . .

S o i l  and ro o t  sam pling methods . • .

Nematode e x t r a c t io n , enumeration

and id e n t i f i c a t io n  . . •

P re p a ra t io n , treatm ent and

24

24

24

25

26

m a in te n a n c e  o f  p l o t s 27



CHAPTER

P e n e tra t io n  o f  the ro o t—knot 

nematodes, M. in c o g n ita  and 

M. ja van ica  in to  s ix  bean 

v a r i e t i e s ,  development o f  the 

nematodes in  the bean v a r i e t i e s ,  

and h is top a th o lo gy  o f  the bean 

ro o ts  in fe c te d  w ith  the nematode 

sp ec ies  .

Bean v a r ie t ie s  and th e ir  sources .

Nematodes and th e ir  sources .

S p ec ies  id e n t i f i c a t io n  .

Nematode h a tch in g  and

enumeration .

P regerm in a tion  o f  seeds .

Medium f o r  t ra n s p la n t in g

see d lin g s  .

In o c u la t io n  and p re p a ra t io n  o f

se e d lin g s  fo r  exam ination  ,

3 EFFECT OF NEMATIC IDE APPLICATION 

ON BEAN YIELDS

In t r o d u c t io n  .

E f fe c t s  o f  D-D and EDB

a p p lic a t io n  on M elo idogyne

la r v a e



3

CHAPTER PAGE

E f f e c t s  o f  D—D and EDB

a p p lic a t io n  on bean y ie ld  . • • 42

D iscu ss ion  . . • 49

4 PENETRATION OF LARVAE OF MELOIDOGYNE 

INCOGNITA AND M. JAVANICA INTO SIX  

BEAN VARIETIES AS AFFECTED BY 

TEMPERATURE . . .

In tro d u c t io n  . . •

E f f e c t  o f  exposure time 

on la r v a l  p en e tra tio n  o f  

M, in c o g n ita  and M, ja va n ica  

a t  a constan t inoculum l e v e l  . . . 

E f f e c t  o f  inoculum le v e l  o f 

M. in c o g n ita  and M, ja va n ica  

on p en e tra tio n  a t a constant 

exposure time • • •

P e n e tra t io n  percen tage o f

M. in c o g n ita  and M„ ja va n ica  

a t  a constant inoculum l e v e l  

and a constan t exposure time • * •

53
53

56

56

57
D iscu ss ion 60



4

CHAPTER PAGE

5 COMPARATIVE DEVELOPMENT OF 

MELOIDOGYNE INCOGNITA AND 

M. JAVANICA ON S IX  BEAN

VARIETIES . . .  66

In tro d u c t io n  . . .  66

Ten days a f t e r  in o c u la t io n  . . .  69

Twenty days a f t e r  in o cu la t io n  . . .  70

T h ir t y  days a f t e r  in o cu la t io n  . . .  70

F o r ty  days a f t e r  in o cu la t io n  . . .  75

D iscu ss ion  and con c lu s ion  . . .  75

6 COMPARATIVE HISTOPATHOLOGY OF 

SIX BEAN VARIETIES INFECTED WITH 

MELOIDOGYNE INCOGNITA AND

M. JAVANICA . . .  79

In tro d u c t io n  . . .  79

Non**in fected bean ro o t  . . .  81

P o s it io n  o f  the nematode in

r e la t io n  to r o o t  t is su es  . . .  81

Epiderm al damage . . .  82

C o r t ic a l  damage . . .  82

S t e la r  damage . . .  83

G ia n t c e l l s  . . .  84

D iscu ss ion 86



5

CHAPTER PAGE

7 GENERAL DISCUSSION 91

L i f e  h is to r y  o f  the spec ies  

o f  r o o t—knot nematode, 

M eloidogyne

P e n e tra t io n  in to  r o o t  c e l l s ,  

and fe e d in g  h a b its  o f root** 

knot nematodes 

Symptoms o f  r o o t—knot

nematode in ju r y  to p lan ts  

Host r e a c t io n  caused by

r o o t —knot nematode fe e d in g  

R oot-k n o t nematodes in  

d is e a s e  complexes 

Nematode c o n tro l 

D is co ve ry  o f  D—D and EDB as 

s o i l  fum igants 

F a c to rs  a f fe c t in g  s o i l

fu m iga tion  with. D—D and EDB 

Methods o f a p p ly in g  D-D

. . . 92

o • • 100

« • . 104

. . . 111

. . . 113

. . . 120

• . . 120 

. . . 123

and EDB • • • 126

How D—D and EDB k i l l  nematodes • • • 129

Economic l im ita t io n s  o f

s o i l  fu m iga tion , and suggested

c o n tr o l  measures o f  r o o t—knot

nematode on beans in  Kenya • • • 131



6

CHAPTER PAGE

REFERENCES

APPENDICES

FIGURES

. . . 15^

. . . 181 

. . . 186



7

S U M M A R Y

F ie ld ,  la b o ra to ry , and greenhouse experim ents 

were c a r r ie d  out to study e f f e c t  o f  nem atic ide 

a p p lic a t io n  on bean ( Phaseolus v u lg a r is ) y ie ld s  in  

Kenya; p en e tra tio n  o f  la r v a e  o f  M eloidogyne in co g n ita  

and M. ja va n ic a  in  6 bean v a r i e t i e s ,  and the 

subsequent developm ent o f the nematode p a ra s ite s  

w ith in  the h o s ts ; and h is to p a th o lo g y  o f the ro o ts  o f 

the hosts in fe c t e d  w ith  the two p a ra s ite s .

The nem atic ides were a p p lied  to  a dark -red  

f r i a b l e  c la y  s o i l  h e a v ily  in fe s te d  w ith  the two r o o t -  

knot nematode sp e c ie s , a t Kenya Canners P la n ta t io n  

L td . ,  and Kuraiha E s ta te , Th ika. I t  was found th a t, 

in  the f i r s t  f i e l d  experim ent a t Kenya Canners 

P la n ta t io n  L t d . , a p p lic a t io n  o f  D-D as a b roadcast 

( o v e r a l l )  and a row trea tm en t, and EDB a p p lied  as 

a broadcast trea tm en t, s ig n i f i c a n t ly  reduced the 

number o f  M. in c o g n ita  and M. ja van ica  la r v a e  in  the 

s o i l .  EDB row  treatm ent d id  not reduce la r v a l  

pop u la tion s . S ig n if ic a n t  y i e ld  in creases  (45—60$) 

were ob ta in ed  w ith  K ikara  and Mexico 142 w ith  broadcast 

and row a p p lic a t io n  o f  D—D, and broadcast a p p lic a t io n  

o f  EDB. This i s  co n s is ten t w ith  the la r v a l  popu lation  

decreases in  these tre a te d  p lo t s .  N em atic ides d id  not 

in c rea se  the y i e ld  o f  Marathon green  beam. Y ie ld s  o f

th is  v a r ie t y  were u n ifo rm ly  low , presumably because the
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s o i l  type was not conducive to  good growth. In  the 

second f i e l d  experim ent a t  Kuraiha E s ta te , D-D in  the 

p la n tin g  row d id  not s ig n i f i c a n t ly  in crea se  the y ie ld  

o f  K ikara but a s ig n i f ic a n t  y ie ld  in c rea se  (32$) was 

ob ta in ed  w ith  Mexico 142. These r e s u lts  in d ic a te  that 

r o o t—knot nematodes, in  la r g e  numbers can reduce bean 

y ie ld s  in  Kenya by as much as 60$.

In  the p re lim in a ry  la b o ra to ry  and greenhouse 

experim ents, n o n -fre sh ly—hatched la rv a e  o f  M. in co g n ita  

and M. ja v a n ic a , a t inoculum le v e ls  o f 100 la rv a e , 

f a i l e d  to p en e tra te  ro o t  systems o f  K ikara , Mexico 142, 

Canadian Wonder, M asterp iece , Marathon, and Prem ier 

bean v a r i e t i e s  a f t e r  exposure period s  o f 12, 24, or 

48 hours. When the exposure p er iod  was in creased  to 

48 hours, p e n e tra t io n  o f 5 o f  the 6 bean v a r ie t ie s  

by fr e s h ly —hatched la rv a e  o f  the nematode p a ra s ite s  

occurred  a t inoculum le v e ls  o f  100, 150, 200 and 

300. In  Mexico 142, even a t  the inoculum le v e l  o f  

300 la rv a e , th e re  was no p e n e tra t io n . A lthough la rva e  

o f  the nematode p a ra s ite s  p en etra ted  r o o t  systems 

in  a l l  6 bean v a r i e t i e s ,  r e s u lts  showed th a t , when 

the experim ent was conducted under low and v a r ia b le

room or greenhouse tem perature c o n d it io n s , no 

s ig n i f ic a n t  d i f fe r e n c e s  in  p en e tra tio n  percen tage 

e x is te d  between the v a r i e t i e s  and the s p e c ie s . R esu lts  

o f  a s im ila r  experim ent conducted tinder c o n tr o lle d
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growth chamber con d ition s  a t  h igh er tem peratures 

in d ic a te d  th a t h ig h ly  s ig n i f ic a n t  d i f fe r e n c e s  a t 0. 

l e v e l  occu rred  between the two spec ies* A t temperatures 

o f  23 and 29 C fo r  n igh t and day r e s p e c t iv e ly ,  M. 

in c o g n ita  la rv a e  p en etra ted  ro o t  systems in  a l l  the 

6 bean v a r ie t i e s  in  s ig n i f i c a n t ly  g r e a te r  numbers 

than M. ja va n ic a  la rv a e . When the tem peratures were 

ra is e d  to 2 5 °  and 30°C f o r  n igh t and day r e s p e c t iv e ly ,  

s ig n i f i c a n t ly  h igher numbers o f  M. in c o g n ita  la rv a e  

pen etra ted  r o o t  systems o f  K ika ra , Canadian Wonder, 

M asterp iece , Marathon, and Prem ier them M. ja van ica  

la rv a e . There were no s ig n i f ic a n t  d i f fe r e n c e s  between 

M. in c o g n ita  and M. ja va n ic a  la rv a e  in  p en e tra tio n  o f 

r o o t  systems o f  Mexico 142.

W ith in  the h os ts , i t  was found that r a te s  o f 

development from  la rv a e  to s ex u a lly  d i f f e r e n t ia t e d  

nematodes occu rred  more r a p id ly  in  Mexico 142 fo r  

M. in c o g n ita  and M. ja v a n ic a , and in  M asterp iece f o r  

M. ja va n ica  o n ly , than in  o th e r  bean v a r ie t i e s  

in o cu la ted  a t  the same tim e. However, the p er iod  

taken f o r  la r v a e  o f  both  nematode sp ec ies  to  deve lop  

to  the ad u lt s ta ge  was id e n t ic a l  in  a l l  6 bean 

v a r i e t i e s .  A t  growth chamber ambient tem peratures 

o f  25°C and 30°C n igh t and day r e s p e c t iv e ly ,  a h igh 

p ercen tage  o f  both  sp ec ies  deve loped  in to  fem ales 

which la id  eggs w ith in  20 days a f t e r  in o c u la t io n } 

these fem a les com pleted th e ir  l i f e  c y c le  and a second
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generation , was d eve lop in g  w ith in  30 days in  a l l  

v a r i e t i e s .  A low  p ercen tage  o f  the nematode spec ies  

developed  to  males. I t  i s  concluded from  th is  study 

that M. in c o g n ita  and M, ja va n ica  can d eve lop  and 

reproduce r a p id ly  on K ik a ra , Mexico 142, Canadian 

Wonder, M asterp iece , Marathon, and Prem ier bean 

v a r i e t i e s ;  hence, the v a r ie t i e s  a re  h ig h ly  su ita b le  

hosts o f  bo th  nematode s p e c ie s . Under optimum 

tem perature con d ition s  f o r  rap id  developm ent o f both 

s p e c ie s , a t le a s t  3 g en era tion s  are  p o s s ib le  on these 

bean v a r i e t i e s  in  any o f  the grow ing seasons in  East 

A f r ic a .

— R esu lts  o f  the h is to p a th o lo g ic a l s tu d ies  re vea led  

ex ten s iv e  damage to the c o r t i c a l  and va scu la r  t is su e  

o f  ro o ts  o f  the 6 bean v a r ie t i e s  in fe c t e d  w ith  M. 

in c o g n ita  and M. ja va n ic a . These s tu d ies  showed that 

a l l  6 bean v a r ie t i e s  were h ig h ly  su s c e p t ib le  to both 

nematode s p e c ie s ; the nematodes fe d  in  the vascu la r 

area  and caused the fo rm a tion  o f 3—20 m u ltin u c lea te  

g ia n t  c e l l s  around a s in g le  fem a le . I t  was a lso  shown 

th a t d is ru p t io n  o f  the s t e le  by the g ia n t c e l l s ,  

p r o l i f e r a t e d  parenchyma c e l l s ,  and the p a ra s ite s  

them selves caused the conducting t is su es  to  be 

s c a t te re d , so th a t, in  c ross  s e c t io n , the phloem and 

xylem  occu rred  in  ir r e g u la r  patches ra th e r  than in  

one continuous column. W hile  most o f  the g ia n t  c e l l s

were found in  the vascu la r c y l in d e r  in  a l l  6 bean



v a r i e t i e s ,  g ia n t  c e l l s  were a lso  observed  in  the c o r te x  

o r between the p e r ic y c le  and endodermis in  Mexico 1^2, 

Canadian Wonder, and P rem ier bean roots#

A type o f  t is su e  des ign ated  "abnormal xy lem ", 

which i s  c h a ra c te r iz ed  by secondary w a ll th icken ings 

o f  annu lar, r e t i c u la t e ,  or p it t e d  typ es , was observed 

a sso c ia ted  w ith  g ia n t c e l l s .

No n u c lear d iv is io n  was observed in  g ia n t  c e l l s  

in  th is  study in  any ro o ts  o f  the bean v a r i e t i e s ;  i t  

was assumed th a t nuclear d iv is io n  in  g ia n t  c e l l s  was 

e ith e r  not o ccu rr in g  a t the time the t is su es  were k i l l e d  

and f ix e d ,  o r  d id  not e x is t  in  the r o o t  c e l l s  o f the bean

v a r ie t i e s
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C H A P T E R  I

GENERAL INTRODUCTION

NEMATODES GENERAL DESCRIPTION

Nematodes have been d escrib ed  by Jenkins and 

T a y lo r  ( 19 67 ) as b e in g  m u lt ic e l lu la r ,  non-segmented 

animals having t is su es  assembled to  form  organ systems, 

and e x h ib it in g  a b as ic  b i l a t e r a l  symmetry. They are 

most commonly verm iform  (worm**shaped) and are  fu r th e r  

ch a ra c te r iz e d  by the possess ion  o f  a pseudocoel, a 

body c a v i t y  which i s  not l in e d  w ith  an e p i t h e l ia l  

m esentery. In  a d d it io n , accord in g  to these authors, 

nematodes have the fo l lo w in g  c h a r a c te r is t ic s :  th e ir  

body w a ll c o n s is ts  o f  a c u t ic le  beneath which is  a 

hypodermis (e p id e rm is ) having 2 to 8 lo n g itu d in a l 

chords which sep ara te  bands o f  lo n g itu d in a l somatic 

m uscles; the lumen o f  the esophagus (pharynx) i s  

t r i r a d ia t e  in  cross s e c t io n ; the e x c re to ry  system 

does n o t co n ta in  flam e c e l l s  ( c i l i a ) ,  but i s  

composed o f cana ls  opening to  the ou ts id e  through 

the body w a ll  by means o f  a v e n t r a l ly  lo c a te d  

e x c re to ry  p o re ; the anus and male gonopore are un ited  

to  form  a p o s t e r io r ly  lo c a te d  v e n tra l c lo a c a ; 

fem ale gonopore i s  sep ara te  and v e n t r a l ly  lo c a te d .

No r e s p ir a to r y  o r c ir c u la t o r y  systems a re  p resen t.

These authors s ta ted  that the m a jo r ity  o f  p la n t* -p a ra s it ic



nematodes range in  len g th  from  0.5 mm to  2 .0  mm.

A lthough the t y p ic a l ,  or b a s ic ,  body form  o f  nematodes 

i s  lo n g , c y l in d r ic a l ,  w ith  the body ta p e r in g  at both 

ends o f  the head and t a i l ,  in  a number o f  p la n t-  

p a r a s it ic  nematodes, the a d u lt fem ale becomes a 

sw o llen , p ou ch -lik e  organism , w ith  a form  o f  a 

lemon, pear, k idney, or sp h e r ic a l c o n fig u ra t io n , 

w h ile  the male u su a lly  remains s lender and worm—l ik e .

The b es t known examples o f  th is  type Eire the roo t-k n o t 

nematodes (s p e c ie s  o f  M eloidogyne G o e ld i,  1887), and 

the c y s t  nematodes (s p e c ie s  o f  H eterodera  Schmidt, 1871).

Nematodes are found in  almost eve ry  kind o f 

environment b u t, although o ft e n  capable o f  w ithstand ing 

drought fo r  lo n g  p e r iod s , th ey  cannot be a c t iv e  unless 

there i s  s u f f i c ie n t  f r e e  w a te r in  th e ir  immediate 

environment. Thorne (1 961) rep o rted  that nematodes 

c o n s t itu te  one o f  the most im portant groups o f  

organisms which in h ab its  the s o i l  about the ro o ts  o f  

p lan ts  and which fr e q u e n t ly  p lays  a v i t a l  p a rt in  

th e ir  growth and p rodu ction . R a re ly  is  any crop f r e e  

from  th e ir  a tta c k s , whether in  the f i e l d ,  the orchard, 

the home garden, or the greenhouse; y e t  we u su a lly  

a re  unaware o f  th e ir  p resence because o f  th e ir  

m icroscop ic s i z e  and inconspicuous p o s it io n  w ith in  

the s o i l .  These s len d er, a c t iv e ,  worm like crea tu res  

a re  found not on ly  in  the s o i l  but a lso  in  fr e s h  and 

s a l t  w ater w herever o rgan ic  m atter e x is t s ,  from  the
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a r c t ic  re g io n s  to the t r o p ic s ,  and from the ocean 

depths to the tops o f  h igh  mountains.

T a y lo r  (1971) p o in ted  out th a t, in  the past, 

nematode damage to crops was o fte n  ign o red  o r a t tr ib u te d  

to o th er causes such as la c k  o f  s o i l  f e r t i l i t y ,  

d e f ic ie n t  s o i l  m oistu re, o r  s o i l  exhaustion . This 

was p a r t ly  because nematodes were too sm all to be 

seen w ithou t a m icroscope, and p a r t ly  because d e f in i t e  

in fo rm ation  on th e ir  occurrence and p a th o ge n ic ity  

was not a v a i la b le .  When in exp en s ive  s o i l  nem aticides 

became com m ercia lly  a v a i la b le  about 20 yea rs  ago, i t  

was p o s s ib le  f o r  the f i r s t  tim e to c o n tro l nematodes 

on a la r g e  s c a le  in  the f i e l d  and thus dem onstrate 

th e ir  adverse e f f e c t  on crop s . The author a lso  s ta ted  

th a t, in  many d eve lop in g  c o u n tr ie s , nematodes are a 

more ser iou s  and complex problem  than in  the developed 

co u n tr ie s . The reasons f o r  th is  a re  many and va r ie d . 

Most o f  the d ev e lo p in g  c o u n tr ie s , l i e  in  t r o p ic a l  

o r su b tro p ica l re g io n s  where the c lim a te  i s  su ita b le  

f o r  a c t i v i t y  and rep rod u ction  o f  nematodes throughout 

the yea r . Sandy and warm s o i l s  such as a re  found in  

many o f  these cou n tr ie s  in  the a r id  zone sire v e ry  

fa vou ra b le  f o r  nematode in fe c t io n s ,  e s p e c ia l ly  in  

i r r ig a t e d  a reas which are used alm ost con tinu ou sly  

f o r  crop p rodu ction . P e re n n ia l crops, and crops grown 

in  the same f i e l d s  year a f t e r  year, a re o ft e n  so 

h e a v i ly  a tta ck ed  by nematodes that they b a r e ly  su rv ive ;



15

y e t  these c o u n tr ie s  must depend on p eren n ia l crops 

and on crops grown w ithou t r o ta t io n  fo r  much o f th e ir  

food  supply. A ccord ing to  T a y lo r , the nematode 

problem in  d eve lop in g  cou n tr ie s  i s  in creased  because 

o f  la rg e  a rea s , poor communications, and la ck  o f 

tra in ed  personn el to  study the problem and to advise  

the fa rm ers . O ften  a ls o , these cou n tr ie s  la ck  

quarantine r e g u la t io n s  or ways o f e n fo rc in g  them which 

would p reven t the in tro d u c tio n  and in te rn a l spread 

o f  nematode—in fe c te d  p la n tin g  m a te r ia l. N eve rth e less , 

d eve lop in g  c o u n tr ie s  must in c rea se  the a v a i l a b i l i t y  

o f  th e ir  a g r ic u ltu r a l  products as r a p id ly  as p o ss ib le  

i f  the p resen t d e c lin e  in  the per c a p ita  a g r ic u ltu ra l 

p roduction  i s  to be re v e rs e d . T a y lo r , th e re fo re ,  

suggested th a t p reven tion  o r  red u ction  o f  crop lo sses  

due to p la n t—p a r a s it ic  nematodes i s  one way o f  

in c rea s in g  crop  y ie ld s .

NOMENCLATURE OF ROOT-KNOT NEMATODES

Because symptoms o f r o o t—knot d isease  are 

c h a r a c te r is t ic  and easy to see , the nematodes in  ro o t  

g a l ls  were among the f i r s t  p la n t -p a r a s it ic  nematodes 

to  be re c o g n iz e d . The f i r s t  re p o r t  o f  r o o t—knot 

nematodes was by B erke ley  (1855) when he stu d ied  

g a l ls  on the r o o ts  o f  cucumber (Cucumis sa tivu s  L . ) 

grown in  a greenhouse in  England; he r e fe r r e d  to them

as "V ib r io s "
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From B e rk e ley *s  d is c o v e ry  u n t i l  19 4 9 , the 

ro o t-k n o t nematodes were regarded  as one sp ec ies .

The name o f  th is  agg rega te  sp ec ies  was changed on 

s e v e ra l occas ions and the h is to r y  o f  nomenclature 

may be b r i e f l y  summarised as fo l lo w s .  Schmidt (1871) 

proposed the gen er ic  name H eterodera  f o r  the sugar 

b ee t nematode, H. s c h a c h t i i . G r e e f f  (1872) gave the 

name A n g u illu la  r a d ic ic o la  to a nematode that he 

found in  g a l l s  on the ro o ts  o f  grasses (Poa  annua L . ) .  

Th is was not a r o o t—knot nematode but in s tea d  was 

the sp ec ies  known today as D ity lenchus r a d ic ic o la  

(G r e e f f ,  1872) F i l i p j e v ,  1936. Cornu (1879) found 

a ro o t—knot nematode causing g a l ls  on the roo ts  o f  

s a in fo in  ( Onobrychis v i c i a e f o l i a  S cop .) and named i t  

A n g u illu la  m a r ion i. M u ller (1884) found a ro o t—knot 

nematode causing g a l ls  on the ro o ts  o f D odartia  

o r ie n t a l is  L . Under the erroneous im pression  that 

he had the same p a ra s ite  as G r e e f f ,  he used the same 

s p e c i f i c  name but p laced  the sp ec ies  in  the genus 

H eterodera , thus making the com bination H. r a d ic ic o la . 

Th is was the accep ted  name f o r  " th e  r o o t—knot nematode" 

u n t i l  1932. G o e ld i (1887) found a r o o t—knot nematode 

causing g a l ls  on the ro o ts  o f  c o f fe e  (C o ffe a  s p . ) 

p lan ts  in  B r a z i l  and named i t  M eloidogyne ex igu a . 

Goodey (1932) p o in ted  out th a t , as used by M u ller,

H. r a d ic ic o la  was m isap p lied  and, under the Rules 

o f  Z o o lo g ic a l Nom enclature, i t  was not a v a l id  name

f o r  "th e  r o o t—knot nem atode". In  these circum stances,
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the o ld e s t  a v a i la b le  name f o r  the genus and spec ies  

was th a t proposed by Schmidt and Cornu, r e s p e c t iv e ly ,  

and from  then u n t i l  19^9» H eterodera  m arion i (Cornu, 

1879) Goodey, 1932 was the accepted  name f o r  "th e  

ro o t-k n o t nem atode". Chitwood ( 1949 ) pub lished  h is  

r e v is io n  o f  th is  group, d i f f e r e n t ia t e d  and des ignated  

5 spec ies  and 1 subspecies o f  ro o t-k n o t nematodes, 

removed them from  H eterodera  and p laced  them in  a 

separate genus, M elo idogyne, f i r s t  proposed by G o e ld i. 

M. in co g n ita  (K o fo id  and W h ite , 1919) Chitwood, 1949 

and M. ja va n ic a  (Treub, 1885) Chitwood, 1949 were 

among the f i r s t  5 sp ec ies  d es ign a ted  by Chitwood.

The form er sp e c ie s  was d escrib ed  from  specimens 

c o l le c t e d  from  eggs encountered in  f e c a l  samples o f  

s o ld ie r s  a t Camp T ra v is , Texas, U .S .A .; the l a t t e r  

spec ies  was d esc r ib ed  from  specimens c o l le c t e d  from  

sugar cane (Saccharum o ffic in a ru m  L . ) grown in  

Cheribon and B u iten zo rg , Java , In don es ia . Other 

workers have s in ce  d escr ib ed  o ther sp ec ies  and the 

genus now com prises about 38 known sp e c ie s .

DISTRIBUTION AND HOST RANGE OF M. INCOGNITA AND 

M. JAVANICA

A p i l o t  su rvey o f  East A fr ic a n  c u lt iv a te d  s o i ls  

f o r  spec ies  o f  M eloidogyne showed th a t o f  372 popu la tions 

s tu d ied , 74 w ere o f  M. in c o g n ita  and more than h a lf  

(219 ) were o f  M. ja v a n ic a ; the form er sp ec ies  has been
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rep o rted  to be o fte n  the dominant roo t~knot nematode 

a t low er a l t i tu d e s ,  whereas the l a t t e r  sp ec ies  is  

dominant a t h igh er  a lt i tu d e s  (W hitehead, 1965). 

G eograph ica l d is t r ib u t io n  o f  these sp ec ies  in c lu des 

A f r ic a ,  A u s t r a l ia ,  B r a z i l ,  C eylon , Colom bia, Cyprus, 

In d ia , I s r a e l ,  M alaysia , Pak is tan , Spain, T r in id a d ,

U .S.A. and greenhouses in  northern  Europe. Goodey, 

e t  a l . ( 1965 ) l i s t  o ve r  3^-0 and 770 p lan t spec ies  or 

v a r ie t i e s  as h osts  o f  M. in c o g n ita  and M. ja van ica  

r e s p e c t iv e ly .  Many o f  these hosts are o f  economic 

im portance, such as tea  (C am e liia  s in en s ia  L . ) ,  

tobacco (N ic o t ia n a  tabacum L . ) ,  po ta to  ( Solanum 

tuberosum L . ) ,  p in eapp le  (Ananas sa tivu s  S c h u lt . ) ,  

g rapev in e  (V i t i s  s p . ) tomato ( Lycopersicum esculentum 

M i l l . ) ,  and pepper (Capsicum fru tescen s  L . ) .

ECONOMIC IMPORTANCE OF ROOT-KNOT NEMATODES AND NEED 

FOR RESEARCH ON BEANS

Species o f  M eloidogyne are re sp o n s ib le  f o r  

con s id erab le  damage to  crop plaints in  t r o p ic a l  and 

tem perate zon es, and in  many reg ion s  th e ir  c o n tro l 

i s  econ om ica lly  d e s ira b le .  For in s tan ce , M. ja van ica  

i s  known to be the most se r iou s  pest o f crop  p lan ts  

in  C en tra l A f r i c a  (Daulton and C u r t is , 1963 ) and the 

predominant sp e c ie s  in  tobacco grow ing areas o f  

Rhodesia and Malawi where lo s s e s  have been estim ated

a t  l 8<-25 m i l l io n  pounds o f  cured l e a f  per annum, worth
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£2,750,000 to  £3,750,000 (D au lton  19 63 , 1964).

L eC lerg  (1964) rep o rted  th a t nematodes (m a in ly  

ro o t-k n o t nematodes) account f o r  an estim ated  annual 

red u c tion  in  bean y ie ld s  to  over #4 m il l io n  in  the 

U n ited  S ta te s . In  1971, the Committee on Crop Losses 

o f  the S o c ie ty  o f  N em ato log is ts  estim ated  tha t the 

average annual lo s s  o f  va r iou s  crops caused by p la n t-  

p a r a s it ic  nematodes (m a in ly  ro o t-k n o t nematodes) in  

the U n ited  S ta te s  i s  about #'1,590,696,000 (S p e c ia l 

P u b lic a t io n  No.1 o f the S o c ie ty  o f  N e m a to lo g is ts ).

W ith  few  excep tion s , p rev iou s  nem atology research  

a t  the East A fr ic a n  A g r ic u ltu r e  and F o re s try  Research 

O rgan iza tion  (E .A .A .F .R .0. ) ,  Muguga, has been concerned 

w ith  the d is t r ib u t io n  and taxonomy o f  nematode genera 

and sp e c ie s , p a r t ic u la r ly  r o o t—knot nematodes, 

M eloidogyne spp. (W hitehead, 1965)* R e c e n t ly , 

re sea rch  p r i o r i t i e s  a t  E .A .A .F .R .0 . have been 

reassessed , and major emphasis has been p la ced  on 

in c rea s in g  p rodu ction  o f E ast A f r i c a ’ s c e r e a ls  and 

legum es. In  v iew  o f th is ,  an in v e s t ig a t io n  o f  the 

in te r a c t io n  o f  the ro o t-k n o t  nematode sp ec ies  and 

beans ( Phaseolus v u lg a r is  L . )  was in i t i a t e d .  Beans 

a re  a popu lar and common fo o d  crop in  East A fr ic a .

In  Kenya they cover an acreage second o n ly  to  maize 

( Zea mays L . ) , w h ile  in  n orth ern  Tanzania the 

p rodu ction  o f  seed i s  o f  m ajor va lu e  to the economy 

o f  that a rea . Bean seed has a h igh  p ro te in  conten t



20

and i s  a u s e fu l supplement to the maize d ie t .  Research 

work on beans, however, had lagged  fa r  behind tha t o f  

maize in  most re s p e c ts . R e la t i v e ly  l i t t l e  was known 

o f  the e f f e c t  o f  nematodes on bean y ie ld .

In  East A f r ic a ,  Whitehead (1957) re p o r te d  tha t 

beans were a ttack ed  by sp ec ies  o f  M elo idogyne. 

Hainsworth ( 19 6 2 ) claim ed th a t 10# (£7-8 m il l io n )  o f  

the a g r ic u ltu r a l  produce o f  Kenya was l o s t  each year 

through nematode a tta ck s , p r in c ip a l ly  from  sp ec ies  

o f  M elo idogyne. H o l l is  ( 19 6 2 ) estim ated th a t in  

Kenya sm allh o ld in gs  nematodes cause a 50—100# y ie ld  

lo s s  o f  food  crops , in c lu d in g  beans. During an 

E .A .A .F .R .0 . survey in  1971» ro o ts  o f  s e v e r e ly  stunted 

French beans were found to be h e a v ily  in fe c t e d  w ith  

two ro o t-k n o t nematode s p e c ie s , M. in c o g n ita  and 

M. ja va n ic a . A n a ly s is  o f  s o i l  c o l le c t e d  from  the 

rh izosp h eres  o f  both d iseased  and h ea lth y  p lan ts  

in d ic a te d  a ls o  a probable r e la t io n s h ip  between the 

ro o t-k n o t  nematodes and the stunted co n d it io n  o f the 

French beans.

L o rd e llo  and Santos ( i 960) in d ica ted  th a t dwarf 

beans ( Phaseolus v u lg a r is  L . )  was found in fe c t e d  w ith  

M. ja van ica  and M. in c o g n ita  in  d i f f e r e n t  reg ion s  o f  

B r a z i l .

In  the U n ited  S ta te s , M i l le r  (1936) rep o rted  that



21

ro o t-k n o t nematodes, then con s idered  to be the s in g le  

s p e c ie s , H. in a r ion i, were found g e n e r a l ly  on bean 

p lan ts  grow ing in  sandy s o i l s ,  and in  some cases 

damage was s u f f i c i e n t l y  s ev e re  to cause y e llo w , 

stunted p la n ts  unable to s e t  pods. Baker (1943) 

s ta ted  that beans were among the f i e l d  crops whose 

"c rop p in g  power" might be co n s id era b ly  reduced by 

H. m arion i. H arter and Zaumeyer (1944) rep o rted  that 

beans o f  a l l  kinds were h ig h ly  su sce p tib le  to ro o t-k n o t 

nematodes, and that in  some f i e ld s  lo s s e s  amounted 

to  as much as 50$. Townsend and Ruehle (1947) po in ted  

out th a t r o o t—knot nematodes were o c c a s io n a lly  a 

problem  in  some o f the 80,000 acres devoted  to  snap 

beans ( Phaseolus v u lg a r is  L . )  in  F lo r id a  and that 

no r e s is ta n t  v a r ie t i e s  were a v a ila b le  a t th a t tim e.

The annual average  lo s s  in  beans caused by p la n t-  

p a r a s it ic  nematodes (m a in ly  ro o t-k n o t nematodes) has 

been estim ated  a t  approx im ate ly  ^26 m il l io n  (Committee 

on Crop Losses o f  the S o c ie ty  o f N em a to lo g is ts ;

S p e c ia l P u b lic a t io n  No.1 o f  the S o c ie ty  o f  N em ato log is ts ,

1971).

B la zey  e t  a_L. (1964) showed tha t 55 v a r ie t i e s  o f 

Phaseolus v u lg a r is  were found to va ry  in  th e ir  response 

to  M. in c o g n ita  from be in g  h e a v ily  g a l le d  w ith  many 

fem ales and egg masses to hav ing o cca s io n a l sm all g a l ls  

and a few  s c a tte re d  fem a les  and egg masses. Seven o f 

the most r e s is t a n t  v a r i e t i e s  were h e a v i ly  p a ra s it iz e d
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by o th er  ro o t-k n o t  nematodes in c lu d in g  M. hapla 

Chitwood, 1949, M. a ren a r ia  (N ea l, 1889) Chitwood,

19^9> and M. a ren a r ia  thamesi Chitwood, Specht and 

H avis, 1952. F a s s u lio t is  e t  a l .  ( 1967 ) rep o rted  

that s e le c t io n s  in  f 4 and F5 from a h yb rid  ( b- 3864) 

o f  snap bean were h ig h ly  r e s is ta n t  to M. in c o g n ita  

a c r i t a  Chitwood, 1949 in  both  greenhouse and f i e l d  

e va lu a tio n s •

On the b a s is  o f  re p o r ted  damage to beans by 

ro o t-k n o t nematodes in  o th e r  parts  o f  the world and 

the im portance o f  beams in  Kenya a g r ic u ltu r e , there  

was thus an u rgen t need to  appra ise  c r i t i c a l l y ,  under 

f i e l d  and greenhouse c o n d it io n s , the e x ten t o f  lo s s e s  

in  bean y ie ld s  caused by r o o t —knot nematodes under 

Kenya c o n d it io n s . A lthough  the o b je c t iv e s  o f  th is  

study were m ain ly  to  determ ine the host—p a ra s ite  

r e la t io n s h ip s  o f  M. in c o g n ita  aind M» javam ica on beans, 

the e f f e c t  o f  the nematodes on bean y ie ld s  had to be 

known f i r s t  in  o rder to ju s t i f y  these s tu d ie s . For 

th is  reason , th e re fo r e ,  a chapter on the " E f f e c t  o f  

nem atic ide a p p lic a t io n  on bean y ie ld s "  i s  included  

(Chapter 3 ) t which p recedes the chapters on the 

h ost—p a iras ite  r e la t io n s h ip s .  Aspects o f  the 

r e la t io n s h ip s  stu d ied  in c lu ded  p en e tra t io n  o f  lairvae 

o f  M. in c o g n ita  and M, javam ica  in  6 bean v a r ie t ie s  

as a f fe c te d  by tem perature; com parative development 

o f  the two s p e c ie s  on the 6 bean v a r i e t i e s ;  and



23

com parative h is to p a th o lo g y  o f  ro o ts  o f  the 6 bean 

v a r ie t i e s  in fe c t e d  w ith  the two p a ra s ite s .
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C H A P T E R  2

\

MATERIALS AND METHODS

EFFECT OF NEMATICIDE APPLICATION ON BEAN YIELDS 

L oca tio n  and c h a ra c te r is t ic s  o f  experim en ta l p lo ts

The f i r s t  f i e l d  experim ent was in i t i a t e d  in  1971, 

a t  the b eg in n in g  o f the A p r i l—June ra in y  season (known 

lo c a l l y  as the lon g  r a in s ) . Nem aticide treatm ents 

were a p p lied  to  s o i l  h e a v i ly  in fe s te d  w ith  a mixed 

popu la tion  o f  two ro o t-k n o t nematodes, M eloidogyne 

in c o g n ita  (K o fo id  and W hite, 1919) Chitwood, 19^9 and 

M. ja va n ica  (T reu b , 1885) Chitwood, 1949, on land 

opera ted  by Kenya Canners P la n ta t io n , L t d . , Thika 

(1,493 m a l t i tu d e ,  37°6*E, 1 °1 *S ). The nem atic ide 

p lo ts  were e s ta b lis h e d  on a s i t e  where s i s a l  

( Agave s p .) had been grown f o r  s e v e ra l yea rs  u n t i l  

1969* A f t e r  the land was c le a re d  o f  s i s a l ,  two 

su ccess ive  crops o f green  beans ( Phaseolus v u lg a r is  

L . va r . Marathon) were grown. This was fo llo w e d  

by one crop o f  okra ( H ib iscus esculentus L . ) ,  

which was h e a v i ly  a ttacked  by the ro o t-k n o t  

nematodes, a f t e r  which the begin nem atic ide experiment 

was in i t i a t e d .

The second f i e l d  experim ent was c a r r ie d  out in
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1 9 7 1 f a t  the beg inn in g o f  the November/December ra in s  

(th e  short r a in s )  a t Kuraiha E s ta te , Th ika (1 ,493 m 

a lt i tu d e ,  37 3*E» 1 2 'S ) .  Nem atic ide treatm ents were 

a p p lied  to s o i l  h e a v ily  in fe s t e d  w ith  the ro o t-k n o t 

nematode, M. in c o g n ita ; the experim ent was s ite d  on 

p lo ts  where beans (v a r .  P rem ier ) had been grown 

con tin u ou sly  under overhead s p r in k le r  i r r i g a t io n  f o r  

s e v e ra l years and had been h e a v ily  a ttack ed  by the 

nematode. T h is  method o f  i r r i g a t io n  was a lso  used 

during the experim ent.

The mean annual r a in f a l l  o f  both  s i t e s  i s  986 mm 

(10 years o f  r e c o r d s ).  The s o i l  type is  a Kikuyu 

dark -red  f r i a b l e  c la y . In  g e n e ra l, th is  s o i l  is  mantled 

p r im a r ily  by re d  vo lca n ic  loam o f  h igh  c la y  conten t 

e x h ib it in g  a h igh  degree o f  a gg rega tion  due to iro n  

sind aluminium ox id es . I t  has a f r ia b le  con s is ten cy  

sind moderate p e rm e a b ility .

S o i l  and ro o t  sampling methods

Ten subsamples o f  s o i l  were taken to a depth o f  

20 cm from  e v e ry  experim ent p lo t ;  the t o t a l  amount o f  

s o i l  was mixed thorough ly, and a com posite sample 

(ap p rox im a te ly  930 g) f o r  nematode a n a ly s is  was p laced  

in  a 15 x  25 cm la b e l le d  po ly th ene bag.

In  the f i r s t  experim ent, both  p re-and  p o s t
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fu m iga tion  s o i l  samples were taken fo r  nematode 

a n a ly s is ; the post—fu m iga tion  s o i l  samples were taken 

14 days l a t e r  p r io r  to  p la n t in g . No s o i l  samples fo r  

nematode a n a ly s is  were taken in  the second experim ent; 

treatm ents w ere compared on the b as is  o f  y ie ld  o f  bean 

seed on ly .

R oot sam pling f o r  id e n t i f i c a t io n  o f  sp ec ies  o f  

r o o t—knot nematodes was c a r r ie d  out once in  each 

experim ent. Ten h e a v ily  g a l le d  ro o t  systems from each 

o f  the 3 bean v a r ie t i e s  used (K ik a ra , Mexico 142 and 

Marathon) in  each o f  the experim ents were taken at 

random from guard rows and p laced  in  sep ara te  la b e l le d  

po ly th ene bags.

Nematode e x t ra c t io n , enumeration and id e n t i f i c a t io n

In  the f i r s t  experim ent, s o i l  samples from eve ry  

p lo t  were thorou gh ly  mixed and analysed as fo l lo w s .

A 100 ml subsample o f  each com posite sample was 

p rocessed  through an O ostenbrink (1954) m od ified  

f l o t a t i o n  fu n n e l and the r e s u lt in g  nematode suspension 

brought up to  100 ml. Of th is  suspension, two 10—ml 

samples were analysed  under a d is s e c t in g  m icroscope, 

g iv in g  num erica l data on the popu la tion  d e n s it ie s  o f  

the nematodes p resen t. Specimens o f  p la n t—p a ra s it ic  

nematodes found were id e n t i f i e d  to genus.
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In  each experim ent, 10 e g g - la y in g  M eloidogyne 

fem ales from  each o f  the begin v a r ie t ie s  were 

d is s e c te d  from  in fe s te d  r o o t  systems. T h e ir  p e r in ea l 

p a tte rn s , the c h a r a c te r is t ic  c u t ic u la r  markings on 

the p o s te r io r  end o f  fem a les o f  sp ec ies  o f  M elo idogyne, 

were s tu d ied  and id e n t i f i e d  using the methods 

d escrib ed  in  d e t a i l  under s tu d ies  on p en e tra tio n , 

development and h is to p a th o lo g y .

P rep a ra tion , treatm ent and maintenance o f  p lo ts

In  each experim ent, the f i e l d s  were ploughed 

and harrowed b e fo re  fu m iga tion . Fum igation  p lo ts  

were t i l l e d  aga in  by hand and brought as near as 

p o s s ib le  to seed  bed co n d it io n  b e fo re  trea tm en t; the 

ground was marked in  30 cm squares f o r  the broadcast 

( o v e r a l l )  treatm ent p lo t s ,  and in  rows 45 cm apart 

f o r  the row treatm ent p lo t s .  Two guard rows separated 

p lo ts  and surrounded r e p l ic a t e s .

In  the f i r s t  experim ent, 5 treatm ents and 3 bean 

v a r i e t i e s  were compared u s in g  a 3 * 5  f a c t o r i a l  design  

r e p l ic a t e d  5 tim es ; each experim en ta l p lo t  (4 .1  x 4.6 m) 

con ta in ed  200 p lan ts  in  10 row s. The 5 treatm ents 

were: s o i l  fu m iga tion  w ith  D-D (1 ,3 -d ich lo rop rop en e  and 

1 ,2—d ich lo rop rop an e ) b roadcast and row; EDB (e th y len e  

d ibrom ide) b roadcast and row ; and non—fum igated  c o n tro ls . 

The 3 bean v a r i e t i e s  used in c lu ded  both  d ry  and green
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beans: dry bean v a r ie t ie s  were K ikara  (a  lo c a l  

s e le c t io n )  and Mexico 142 (a  canning v a r i e t y ) ;  the 

green begin v a r ie t y  was Marathon (a  canning v a r ie t y ) ,

Xn the second experim ent, 2 treatm ents and 

2 bean v a r i e t i e s  were compared using a 2 x 2 fa c t o r ia l  

des ign  r e p l ic a t e d  6 tim es; each experim en ta l p lo t  

(3 .2  x 4.3  m) con ta ined  126 p lan ts  in  6 row s. The 

2 treatm ents were non—fum igated  c o n tro l and D—D 

a p p lied  as a row treatm ent. The 2 bean v a r ie t i e s  used 

were K ikara  and Mexico 142. Sources o f the bean seeds 

used a re  d esc r ib ed  in  d e t a i l  la t e r  in  th is  chapter 

under p e n e tra t io n , developm ent and h is top a th o lo gy .

Fumigants were a p p lied  14 days p r io r  to  p la n tin g  

w ith  a hand in je c t o r  a t  30 cm in te r v a ls  to  a depth o f 

15 cm a t  the fo l lo w in g  r a t e s :  D-D a t  336.8 l/ha 

broadcast and 224.5 l/ha in  the row a t 3*2 ml per 

in je c t io n ;  EDB a t  67»3 l/ha broadcast and 44.9 l/ha 

in  the row a t  0 .6  ml per in je c t io n .  A f t e r  a p p lic a t io n  

the chem icals were im m ed ia te ly  sea led  in  by c lo s in g  

the in je c t io n  h o les  w ith  s o i l .  Bean seeds were 

dressed w ith  Agrosan-D (40$ A ld r in  w .p. and m ercuric 

c h lo r id e ) a t the ra te  o f  7 0 .9  g/45.4 kg b e fo r e  

p la n tin g  fo r  the c o n tro l o f  bean f l y  (Melanagromyza 

p h a seo li Tryon , 1895).

Furrows about 15 cm in  depth were opened and,
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f o r  the f i r s t  experim ent, doub le superphosphate 

(40-42# P20^) a t the r a te  o f  167.9 kg/ha and potassium  

su lphate (K2S0^) at the r a t e  o f  112.1 kg/ha were 

a p p lied  by hand at p la n t in g .  In  th e  second experim en t, 

a compound f e r t i l i z e r  (N jP 20^ jK^OjM^O = 15 *15*6 :4 ) 

a t  the ra te  o f  167*9 kg/ha was a p p lied  betw een  the 

bean seeds a ls o  by hand a t  p la n t in g .  Two bean seeds 

were p lan ted  a t  20 cm spac in g  in  rows 45 cm a p a rt . 

Th inn ing took  p la ce  one week a f t e r  em ergence le a v in g  

on ly  one s e e d lin g  per o r ig in a l  p la n t in g  s i t e .  The 

experim ents w ere weeded by hand th ree  tim es  du rin g  

the experim en t.

Two and a h a l f  weeks a f t e r  em ergence, i t  was 

found th a t ge rm in a tion  o f  th e  beans in  th e  f i r s t  

experim ent, p a r t ic u la r ly  M arathon, was in  th e  range 

o f  45—80#, and growth was n o t  u n iform . Where p la n ts  

were m iss in g , seeds were resow n in  o rd er  to  a ch ie v e  

a uniform  stand o f  a l l  v a r i e t i e s .  In  the second 

experim ent, stands o f  a l l  v a r i e t i e s  were u n iform  and 

th ere  was no need fo r  r e p la n t in g .

When the p la n ts  were one month o ld , ca lc iu m  

ammonium n i t r a t e  was a p p lie d  in  each experim en t a t  

the ra te  o f  167*9 kg/ha. I t  was a ls o  found n ecessa ry  

to  app ly  80# D ithane M—45 w .p . (80# z in c  and manganese 

e th y len e  b is —d ith io ca rb a m a te ) to  c o n t r o l  an th racn ose, 

caused by the fungus, C o i l  e to  trichum  lindem uthianum
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(Sacc. and Magn.) B r io s i  and C o v ., and b a c t e r ia l  

halo b l ig h t ,  caused by Pseudomonas p h a s e o lic o la  

(B u rk .) Dowson.

PENETRATION OF THE ROOT-KNOT NEMATODES. M. INCOGNITA
---------  —  ----------------------------- —---------------- ----------------------------------------------------------- -— =  s = s a e s =

AND M. JAVANICA INTO SIX BEAN VARIETIES, DEVELOPMENT 

OF THE NEMATODES IN THE BEAN VARIETIES, AND 

HISTOPATHOLOGY OF THE BEAN ROOTS INFECTED WITH THE 

NEMATODE SPECIES

Bcan v a r i e t i e s  and th e ir  sources

The 6 bean v a r ie t i e s  used in  these experim ents 

in c lu ded  both, d ry  and green  beans. The d ry  bean 

v a r ie t i e s  were K ikara  (a  l o c a l  s e le c t io n ) ,  Mexico 142 

(a  canning v a r i e t y ) , Canadian Wonder and M asterp iece  

(bo th  f o r  l o c a l  m arketing and e x p o r t ).  Green bean 

v a r i e t i e s  were Marathon (a  canning v a r ie t y )  and 

P rem ier ( f o r  l o c a l  m arketing and e x p o r t ) . Bean seeds 

were o r i g in a l l y  obta ined  from  d i f f e r e n t  sources: K ikara  

was purchased l o c a l l y  a t Muguga; Mexico 142 was 

ob ta in ed  from  Katumani Experim ental S ta t io n , Machakos; 

Canadian Wonder and M asterp iece  were purchased from

K ir c h o f f * s E ast A fr ic a n  L t d . ,  N a iro b i; Marathon was 

ob ta in ed  from  Kenya Canners P la n ta t io n  L t d . , Thika; 

and Prem ier was ob ta in ed  from  Kuraiha E s ta te , Thika.

The bean v a r i e t i e s  were in crea sed  in  f i e l d  t r i a l s  a t
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Embu, Thika and Muguga and are  now m aintained at 

E. A. A .F .R . 0. , Muguga.

Nematodes and th e ir  sources

The two sp ec ies  o f  M eloidogyne used were 

M. in c o g n ita  and M, ja v a n ic a .

M. in c o g n ita  was o r ig in a l l y  ob ta ined  from  egg 

masses produced on h e a v ily  in fe s te d  •Prem ier* bean 

ro o ts  c o l le c t e d  in  the f i e l d  a t Kuraiha E s ta te , Thika; 

i t  was m ain tained on the 6 bean v a r ie t ie s  in  the 

greenhouse a t  E .A .A .F .R .0 . ,  Muguga.

M. ja va n ic a  was o r i g in a l l y  obta ined  from  a s in g le  

egg mass is o la t e d  from  a tomato p lan t found in  a sugar 

cane p lo t  a t E .A .A .F .R .0 .,  Muguga. The c u ltu re  was 

m aintained on tomatoes and beans in  the greenhouse.

Spec ies  id e n t i f i c a t io n

Ten egg—la y in g  M elo idogyne fem ales from  each 

source were c o l le c t e d  from the greenhouse cu ltu res  and 

d is s e c te d  from  th e ir  r e s p e c t iv e  in fe s te d  r o o t  systems 

w ith  d is s e c t in g  n eed les  and p laced  in  two separate 

watch g la s s e s  con ta in in g  w a te r . Each fem a le  was 

removed in d iv id u a l ly  from  the watch g la s s e s , p laced  

on a p ie c e  o f  perspex  and the p o s te r io r  end cut o f f
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w ith  a sharp p o in t o f  a sm all s c a lp a l.  The p iece  o f 

c u t ic le ,  b ea r in g  anus, t a i l  t ip  and vu lva  was cleaned 

o f  adhering body t is su es , trimmed down to the area 

con ta in in g  the p e r in e a l p a tte rn  and mounted in  

g ly c e r in  (G oodey, 1963 ) on a 2.5 x 7.5 cm g la ss  s l id e .  

A d is s e c t in g  n eed le  was a ls o  used to s teady  the fem ale 

during th is  o p e ra t io n . Ten p e r in e a l p a tte rn s  were 

mounted on one s l id e .  A c o v e r s l ip ,  19 mm in  diam eter 

was g e n t ly  low ered  over the specimens on each s l id e  

and sea led  w ith  g ly c e e l  (Thorne, 1935)* The specimens 

were id e n t i f i e d  under compound m icroscope by the 

c o n fig u ra t io n  o f  th e ir  p e r in e a l p a ttern s  (T a y lo r ,

_et a l .  , 1955) .

Nematode h a tch in g  and enumeration

Egg masses o f  p re v io u s ly  id e n t i f i e d  sp ec ies  o f  

M eloidogyne were removed from  tomato and bean ro o ts  

w ith  fo rc e p s  and p laced  in  watch g la sses  con ta in in g  

d i s t i l l e d  w a ter and incubated  a t 25°C (G o d fre y , 1931) 

f o r  24 hours.

Inoculum c o n s is t in g  o f  la rv a e  o f  M, in c o g n ita  

and M. ja v a n ic a  ob ta in ed  as d escrib ed  above was 

prepared as fo l lo w s .  Larvae o f  each o f  the spec ies  

o f  M eloidogyne were c o l le c t e d  in  two sep ara te  beakers 

and the r e s u lt in g  suspension in  each o f  the beakers 

brought up to  100 ml. A 3-m l a l iq u o t  o f  each
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suspension was p ip e tte d  in to  a counting d ish  and the 

number o f  la r v a e  counted under a d is s e c t in g  m icroscope 

using a hand t a l l y  cou n ter. For each experim ent in  

the p e n e tra t io n  s tu d ies , each time the count was made, 

the inoculum was a ccu ra te ly  ad ju sted  to the requ ired  

number o f  la r v a e  by the a d d it io n  o r  rem oval o f  

in d iv id u a l la r v a e .  In  the development and 

h is to p a th o lo g y  experim ent, o n ly  the i n i t i a l  nematode 

popu la tions were counted; the subsequent in ocu la  

le v e ls  were estim ated  by d i lu t io n  based on the i n i t i a l  

counts.

P regerm in a tion  o f  seeds

T h ir ty  p e t r i  d ish es , each con ta in in g  a moistened 

f i l t e r  paper 9 cm in  d iam eter, were s t e r i l i z e d  in  a 

p ressu re -cook er a t 1 .0 5  kg per sq cm f o r  15 m inutes. 

Three seeds from  each o f the 6 bean v a r ie t i e s  were 

su rface  s t e r i l i z e d  by soaking them in  0.1$ m ercuric 

c h lo r id e  f o r  5 m inutes. The p e t r i  d ishes (F ig .  1) 

were in cu bated  a t  25°C fo r  60 hours.

Medium fo r  tra n sp la n tin g  s eed lin g s

Sandy s o i l  ob ta ined  from  E .A .A .F .R . 0. , Muguga, 

was steam s t e r i l i z e d  a t 93°C f o r  15 m inutes. The 

sandy s o i l  c o n s is te d  o f  the fo l lo w in g  p a r t ic le  s izes *  

g ra v e l ( > 2  mm) = 10.3$, coa rse  sand (0 .2 -2  mm) = 84.2$
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and f in e  sand, s i l t ,  and c la y  ( < 0 . 2  nun) = 5.%.

In o c u la t io n  and p rep a ra tion  o f  seed lin gs  f o r  

exam ination

(a )  P e n e tra t io n  s tu d ies

Experim ent 1 was des igned  to determ ine the 

exposure time n ecessary  f o r  la rv a e  o f  M. in co g n ita  

and M. ja va n ic a  to  p en e tra te  bean ro o ts  a t  a constant 

inoculum l e v e l .  Exposure tim es o f 12, 2k and 48 hours 

and an inoculum l e v e l  o f 100 la rva e  fo r  each o f  the 

two sp ec ies  o f  M eloidogyne used fo r  th is  study were 

chosen a r b i t r a r i l y .

S t e r i l i z e d  sandy s o i l  was put in  paper cups, 

each 9 .5  cm in  h e igh t and 7*5 cm in  d iam eter. 

S e ed lin g s , w ith  ro o ts  between 2 and 4 cm lo n g  o f each 

o f  the 6 bean v a r i e t i e s ,  J6 in  t o t a l ,  pregerm inated 

as p re v io u s ly  d esc r ib ed , were p laced  on the s t e r i l i z e d  

sandy s o i l  in  the paper cups. A suspension o f  100 

M. in c o g n ita  la r v a e ,  which had been kept in  a water 

suspension in  a watch g la s s  f o r  more than 24 hours, 

was p laced  in  each o f  18 (5 —ml) pyrex beakers . 

S im ila r ly ,  100 M. ja van ica  la r v a e  were p la ced  in  

another se t o f  18 beakers. The suspension o f  each 

sp ec ies  was in o cu la ted  by pouring i t  d i r e c t l y  on 

the ro o ts  o f  each o f the 6 bean v a r ie t ie s  and the
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ro o ts  were im m ed ia te ly  covered  l i g h t l y  w ith  

a d d it io n a l s t e r i l i z e d  sandy s o i l .  A l l  the seed lin gs  

were watered w ith  a g e n t le  stream o f  w a ter, a f t e r  

which the cups were kept in  the greenhouse f o r  12,

24 and 48 hours; no r e p l ic a t e s  were used. The 

in ocu la ted  s e e d lin g s  were m aintained in  the greenhouse 

a t the fo l lo w in g  tem peratures: 21°C a t 0830 hours;

24°C a t  1430 hours; and 24.5°C at 1830 hours.

A f t e r  12, 24 and 48 hours, 12 cups, one f o r  each 

o f  the two s p e c ie s  in o cu la ted  on the 6 v a r i e t i e s ,  

were removed from  the greenhouse. The r o o t  systems 

were g e n t ly  washed f r e e  o f  s o i l  and s ta in ed  f o r  

1 minute in  h o t 0.01$ co tton  b lue la c top h en o l 

(F ra n k lin  and Goodey, 1949). The r o o t  systems were 

removed from the so lu tio n  and c le a red  in  c o ld  

la c top h en o l in  p e t r i  d ish es . The d es ta in ed  ro o t  

systems were examined fo r  l a r v a l  p en e tra t io n  by 

c a r e fu l ly  d is s e c t in g  the t is s u e s  under a d is s e c t in g  

m icroscope.

Experim ent 2 was des igned  to determ ine the number 

o f  la r v a e  p e n e tra t in g  the bean ro o t systems in  a 

constan t p e r io d  o f  tim e. M a te r ia ls  and methods used 

f o r  th is  study and f o r  the subsequent experim ents 

a re  d escrib ed  in  d e t a i l  in  Experim ent 1• An 

a r b i t r a r i l y  chosen inoculum l e v e l  (300 fre sh ly -h a tch ed  

la r v a e ) and exposure tim e (48 hours) were used fo r  th is
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study: the experim ent was r e p l ic a t e d  tw ic e .

Experim ent 3 was des igned  to v e r i f y  r e s u lts  

ob ta in ed  in  Experim ent 2. W hile the number o f  r e p l ic a t e s  

and the exposure p er iod  were the same as in  Experiment 

2, the number o f  M eloidogyne la rv a e  used was reduced 

to 250 and 200 per s e e d lin g  f o r  each s p e c ie s .

Experim ent 4 was des igned  to v e r i f y  fu r th e r  the 

r e s u lts  ob ta in ed  in  Experim ent 3» Here, the number 

o f  r e p l ic a t e s  and tim e between in o cu la t io n  and the 

assay were a ga in  the same as in  Experiment 2, but the 

number o f  M elo idogyne la r v a e  was reduced to 150 and 

TOO per s e e d lin g  f o r  each sp e c ie s .

Experim ent 5 was des igned  to determ ine whether 

100 f r e s h ly —hatched M elo idogyne la rv a e , as opposed to 

la rv a e  kept f o r  24 hours, would p en e tra te  the ro o t  

systems w ith in  24 hours. Two r e p l ic a t e s  were used 

in  th is  experim ent. L a rv a l p en e tra tion  percen tages 

were n ot determ ined f o r  Experim ents 1-5 > as these 

were p re lim in a ry  experim ents designed to  determ ine 

the re q u ire d  inoculum l e v e l  and exposure tim e fo r  

subsequent experim en ts.

Experim ent 6 compared p en e tra tio n  o f  the 6 bean 

v a r ie t i e s  by f r e s h ly —hatched la rv a e  o f  the two sp ec ies  

a t  a constan t inoculum l e v e l  o f  100 and a constant
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exposure p e r io d  o f 48 hours a t room tem perature. The 

experim ent was r e p l ic a te d  5 tim es.

Experim ent 7 was des igned  to v e r i f y  r e s u lts  

ob ta in ed  in  Experiment 6; the experim ent was studied  

under greenhouse temperature con d ition s  ra th e r  than 

a t  room tem perature as in  Experim ent 6.

In  Experim ent 8 the inoculum l e v e l ,  number o f  

r e p l ic a t e s  and exposure p e r io d  were the same as in  

Experiment 6 , but la rv a e  o f  the two sp ec ies  were not 

o f  the same age . Larvae o f  M. ja van ica  were obtained 

from  tomato s o i l  in  a pot m aintained in  the greenhouse 

whereas la r v a e  o f  M. in c o g n ita  were f r e s h ly —hatched 

from  egg masses as d escr ib ed  p re v io u s ly . The 

experim ent was stud ied  in  a growth chamber a t ambient 

tem peratures o f  23° and 29°C n igh t and day r e s p e c t iv e ly .  

The tem peratures were record ed  w ith  a thermograph 

(F ig .  2 )„

The inoculum l e v e l ,  number o f  r e p l ic a t e s  and 

exposure tim e used in  Experim ent 9 were the same as in  

Experiment 6. However, la r v a e  o f each o f  the spec ies  

were o f  the same age, fre sh ly -h a tch ed  from  egg masses. 

In  a d d it io n , the ambient tem peratures in  the growth 

chamber were ra is e d  to  25°  and 30 C n igh t and day.

Root systems were examined and la r v a l  p en e tra tio n  

percen tages were determ ined in  Experiments 6-9*
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(b )  D evelopm ental and h is to p a th o lo g ic a l stud ies

S e e d lin g s , w ith  ro o ts  between 2 and 4 cm long 

or each o f  th e  6 bean v a r i e t i e s ,  72 in  t o t a l ,  

pregerm inated  as d escrib ed  e a r l i e r ,  were p la ced  on 

s t e r i l i z e d  sandy s o i l  in  the paper cups. A suspension 

o f  200 f r e s h ly —hatched la rv a e  o f M. in c o g n ita  was 

in ocu la ted  by p ip e t t in g  i t  d i r e c t l y  on the ro o ts  o f  

each o f  the 6 bean v a r i e t i e s .  S im ila r ly ,  200 

f r e s h ly —hatched la rv a e  o f M. ja v a n ic a , were p ip e tte d  

d i r e c t l y  on the ro o ts  o f each o f the 6 bean v a r ie t ie s .  

Xn each case , the ro o ts  were im m ediately covered  

l i g h t l y  w ith  a d d it io n a l s t e r i l i z e d  sandy s o i l .  A l l  

the s e e d lin g s  were w atered w ith  a g e n t le  stream o f  

w ater, a f t e r  which the cups were kept in  a growth 

chamber w ith  ambient tem peratures o f  25°  and 30°C 

n igh t and day r e s p e c t iv e ly ,  f o r  10, 20, 30 and 40 

days; no r e p l ic a t e s  were used.

A f t e r  10, 20, 30 and 40 days, 18 cups, one o f  

each o f  the two sp ec ies  in ocu la ted  on the 6 v a r ie t ie s  

and one f o r  the c o n tro l in  each v a r ie t y ,  were removed 

from  the grow th  chamber. The ro o t  systems were 

g e n t ly  washed f r e e  o f  s o i l ,  ro o ts  c o n ta in in g  g a l ls  

from  in fe c t e d  and p o rtion s  o f  h ea lth y  r o o ts  were cut 

from  the r o o t  systems o f  each v a r ie t y  and p laced  in  

fo rm a lin —a c e t ic  a c id —a lc o h o l (FAA) f i x a t i v e  f o r  a

minimum time o f  18 hours (Johansen, 1940).
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In  the developm ental s tu d ies , three h e a v ily  

g a l le d  r o o ts ,  from each o f  the v a r ie t ie s  in fe s te d  

w ith  each o f  the o b se rva tion  in te r v a ls ,  were p laced 

in  watch g la s s e s  con ta in in g  la c top h en o l. Nematodes 

were c a r e fu l ly  d is s ec ted  from  the in d iv id u a l gal I s ,  

p laced  on g la s s  s l id e s  in  a drop o f  la c top h en o l, 

and mounted under cover s l ip s .  The s l id e s  were 

observed under a m icroscope to determ ine the sex 

and developm ent stage  o f each nematode.

In  the h is to p a th o lo g ic a l  s tu d ies , f o r  every  

ob serva tion  in t e r v a l ,  one in fe c te d  and one healthy- 

r o o t  from  each o f  the v a r i e t i e s ,  f o r  each sp ec ies , 

were dehydrated  in  the e th y l a lcoh o l and t e r t ia r y  

b u ty l a lc o h o l s e r ie s ,  i n f i l t r a t e d  w ith  and embedded 

in  p a r a f f in ,  and sec tion ed  tra n s v e rs e ly  and 

lo n g itu d in a l ly  a t 12 ji th ic k  w ith  a r o ta r y  m icrotome. 

The sec tio n s  were f ix e d  to g la s s  s l id e s  w ith  Haupt1 s 

adhesive  and 4$ fo rm a lin , s ta in ed  w ith  sa fra n in  and 

f a s t  green , and mounted permanently under cover s l ip s  

w ith  Canada balsam (Johansen, 1940). S even ty—two 

p ie c e s  o f  r o o t  were s e c tio n ed ; the s ec tio n s  were 

stu d ied  under a m icroscope to  determ ine the 

h is t o lo g ic a l  changes, i f  any, w ith in  in fe c t e d  and

h ea lth y  ro o ts
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C H A P T E R  3

EFFECT OF NEMATICIDE APPLICATION ON BEAN YIELDS

IN1RODUCTION

R oot-k n o t nematodes, sp ec ies  o f  MejLoidog^ie 

G o e ld i,  1887* have been shown to a tta ck  and cause 

severe  s tu n tin g  and y e llo w in g  of bean (Phaseolus 

v u lg a r is  L . )  p la n ts  (M i l l e r ,  1936), and to  reduce 

the crop  y i e ld  by as much as 50$ (H a rter and 

Zaumeyer, 1944; H o l l i s ,  1962).

The e f f e c t iv e n e s s  o f  s o i l  treatm ents in  reducing 

r o o t—knot nematodes and in  in c rea s in g  v e g e ta b le  y ie ld s  

have been dem onstrated in  the U nited S ta te s  on va riou s 

crops such as tomatoes ( Lycopersicum  esculentum M i l l . ) 

by Lear and Thomason (1 9 5 6 ); Wade beans by W instead 

e t  a l .  (1958) ; sw eetpota toes ( ipomoea b a ta tas  Lam.) 

by N ie ls e n  and Sasser (1 9 5 9 ); and head le t tu c e  

( Lactuca s a t iv a  L . )  by Radewald _et a l .  (1969 )*

A lthough  s tu d ies  in  the U n ited  S ta tes  have 

re p e a te d ly  dem onstrated the e f fe c t iv e n e s s  o f  s o i l  

fum igan ts, i t  was not known whether s im ila r  r e s u lts  

would be ob ta in a b le  under Kenya co n d it io n s . This 

f i e l d  experim en ta tion  was conducted to determ ine the 

e f f e c t  o f  nem atic ide a p p lic a t io n  on bean y ie ld s  in



f i e l d s  known to be h e a v i ly  in fe s te d  w ith  ro o t-k n o t 

nematodes under Kenya c o n d it io n s . I f  these tes ts  

dem onstrated th a t r o o t—knot nematodes were capable 

o f  causing la r g e  redu ction s in  bean y ie ld  under 

f i e l d  c o n d it io n s , the host—p a ra s ite  re la t io n s h ip s  

o f  r o o t—knot nematodes and beans would be in v e s t ig a te d  

under greenhouse, growth chamber, and la b o ra to ry  

co n d itio n s  (r e p o r te d  in  Chapters 4, 5, and 6 ).

EFFECTS OF D-D AND EDB APPLICATION ON MELOIDOGYNE 

LARVAE

P la n t -p a r a s it ic  nematodes found a sso c ia ted  w ith  

the bean v a r i e t i e s  in  the 75 p lo ts  o f  the f i r s t  

experim ent in  the pre—fu m iga tion  sampling dates 

in c lu ded  sp ec ies  o f  M elo idogyn e ; H e lico ty len ch u s  

S te in e r ,  19^5; Scutellonem a Andrassy, 1958}

Rotylenchus F i l i p j e v ,  1936} Criconem oides T a y lo r ,

1936; P ra ty lenchu s F i l i p j e v ,  1936} and Longidorus 

(M ic o le tzk y , 1922) Thorne and Swanger, 1936. Of 

th ese , specimens o f  M elo idogyne were the o n ly  nematodes 

which occu rred  c o n s is te n t ly  enough and in  h igh  numbers 

throughout a l l  samplings to perm it s t a t i s t i c a l  an a ly s is . 

Numbers o f  M elo idogyne spp. in  the f i r s t  experim ent, 

and y ie ld s  f o r  each experim ent, were s t a t i s t i c a l l y  

ana lysed .

Means o f  M elo idogyne la r v a e  record ed  in  the f i r s t
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experim ent on p re -fu m iga tio n  and p o s t-fu m iga tion  

sam pling da tes  are g iv en  in  Tab le 1. A na lyses o f  

va r ia n ce  c a r r ie d  out on numbers o f  la rv a e  per 100 ml 

s o i l  (d a ta  transform ed to lo ga r ith m s ) showed the 

fo l lo w in g  e f f e c t s .  P r io r  to  fu m iga tion  th e re  were no 

s ig n i f ic a n t  d i f fe r e n c e s  in  numbers o f  M eloidogyne 

la rv a e  in  the p lo t s .  P o s t- fu m iga tio n  data  (T a b le  2 

and Appendix 1) in d ica ted  th a t there were h igh ly  

s ig n i f ic a n t  d i f fe r e n c e s  (P<^ 0.001) between D-D 

b roadcast, D—D row, EDB broadcast and the c o n tro l 

treatm ent means. A p p lic a t io n  o f  D-D b roadcast, D-D 

row and EDB broadcast s ig n i f i c a n t ly  reduced the 

numbers o f  M elo idogyne la r v a e ,  but there was no 

s ig n i f ic a n t  d i f f e r e n c e  between c o n tro l and EDB row 

treatm ent means.

EFFECTS OF D-D AND EDB APPLICATION ON BEAN YIELD

Data on the y ie ld s  f o r  each experim ent are 

g iv en  in  Tab les  3 and 4. A n a ly s is  o f  va r ia n ce  ca rr ie d  

out on the y ie ld s  o f  K ikara  and Mexico 142 are  a lso  

g iv en  in  Appendices 2 and 3»

In  the f i r s t  experim ent, there  were s ig n i f ic a n t  

d i f fe r e n c e s  (P =0 .01 ) between D—D b road cast, D—D row, 

EDB broadcast and the c o n tro l treatm ent means. 

S ig n i f ic a n t  y i e ld  in creases  were obta ined w ith  K ikara

and Mexico 142 w ith  D—D b road cast, D—D row and EDB



TABLE 1

E f f e c t s  o f  D-D and EDB a p p lic a t io n  on p op u la tion s  o f  M elo idogyne la rv a e  from  the bean 

n em atic id e  experim ent a t  Kenya Canners, Th ika , 1971.

Treatm ent
Dosage 
( l/ha)

Type o f  
a p p lic a t io n

Q
Means o f  M elo idogyne la rv a e  p er 100 ml s o i l

l

P re - fu m ig a tio n P o s t- fu m ig a t io n

C o n tro l - - 341 1 1

D-D 336.8 broadcast 125 2
D-D 224.5 row 165 0
EDB 67.3 broadcast 388 5
EDB 44.9 row 335 22

Mean o f  5 r e p l ic a t e s  o f  the raw nematode p op u la tion  counts b e fo re  b e in g  transform ed 
to lo ga rith m s



TABLE 2

E f f e c t s  o f  D-D and EDB a p p lic a t io n  on p op u la tion s  o f  M elo idogyne la r v a e  from  the bean 

n em a tic id e  experim ent a t  Kenya Canners, Th ika , 1971*

Treatm ent
Dosage
(l/ h a )

Type o f  
a p p lic a t io n

ctMeans o f  M elo idogyne 
lo g a r ith m s ) p er 100 ml

la r v a e  (tran s fo rm ed  to 
s o i l

P re—fu m iga tio n P o s t—fu m iga tio n

C o n tro l - - 2.01 0.63

D-D 336.8 b road cast 1.74 0.15

D-D 224.5 row 1.74 0.05

EDB 6 7 .3 b roadcast 2. 11 0.24

EDB 44.9 row 2.10 0.72

L.S .D *5 (P  = 0 .0 5 ) between two p re—fu m iga tion  trea tm en ts = 1.44 

L .S .D  (P  = 0 .0 5 ) between two p os t—fu m iga tion  trea tm ents = O.2 3  

a Mean o f  5 r e p l ic a t e s
L ea s t S ig n i f i c a n t  D if fe r e n c e  (th e  sm a lle s t  d i f f e r e n c e  between two means which can be 
con s id ered  s ig n i f i c a n t  a t  some s p e c i f ie d  p r o b a b i l i t y  ( p ) l e v e l ) •



TABLE 3

E f f e c t s  o f  D-D and EDB a p p lic a t io n  on mean y ie ld s  o f  K ik a ra  and M exico 142 bean seeds 

from  the n em atic id e  experim ent a t Kenya Canners P la n ta t io n , Th ika , 1971.

Treatm ent
Dosage

(l/ h a )
Type o f  

a p p lic a t io n

Mean bean seed y ie ld s  

(k g / p lo t )

C o n tro l - - 2.0 9 0

D-D 336.8 broadcast 2.714

D-D 224.5 row 3.141

EDB 67.3 b roadcast 3.051

EDB 44.9 row 2.652

L .S .D  (P =0 .0 5 ) between two trea tm en ts = 0.621



TABLE 4

E f f e c t s  o f  D—D a p p lic a t io n  on mean y i e ld  o f  M exico 142 bean seeds from  the n em atic id e  

experim ent a t  Kuraiha E s ta te , Th ika , 1971-72.

Dosage Type o f Mean bean seed y i e ld
Treatm ent (1/ha) a p p lic a t io n (k g / p lo t )

C o n tro l - - 1.84

D-D 224.5 row 2.62

L .S .D . (P = 0 .0 5 ) between two trea tm en ts = 0.341



TABLE 5

E f f e c t s  o f  D—D and EDB on y i e ld  in c rea se s  o f  K ik a ra  and M exico 142 bean seeds, exp ressed  in  
k ilo g ram  per h ec ta re  and in  p e rcen ta g e , from  the n em atic id e  experim ent a t  Kenya Canners 
P la n ta t io n , Th ika , 1971.

Yields

Treatment
Dosage
(1/ha)

Type of 
application

(kg/ha) Increase (kg/ha) Increase ($)

Bean variety Bean variety Bean variety
Kikara Mexico 142 Kikara Mexico 142 Kikara Mexico 142

Control - - 1,143 1,107 - - - -
D-D 336.8 broadcast 1,652 1,269 509 162 45 15
D-D 224.5 row 1,612 1 ,769 469 662 41 60
EDB 67.3 broadcast 1,783 1,502 640 395 56 36
EDB 44.9 row 1,685 1,170 542 63 47 6



TABLE 6

E f f e c t s  o f  D-D on y i e ld  in c re a s e s  o f  K ik a ra  and M exico 142 bean seeds, expressed  in  

k ilo g ram  p er h ec ta re  and in  p e rcen ta g e , from  the n em atic id e  experim ent a t  Kuraiha E s ta te , 

Th ika , 1971-72.

Y ie ld s

Treatm ent
Dosage
(l/ h a )

Type o f  
a p p lic a t io n

( kg/ha) In c re a s e  (kg/ha) In c re a s e  ($ )

Bean v a r ie t y Bean v a r ie t y Bean v a r ie t y

K ikara M exico 142 K ikara M exico 142 K ik a ra M exico 142

C o n tro l - - 1,596 1,3^7 - - - -

D-D 224.5 row 1 ,801 1,919 205 572 13 42
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broadcast, but th ere  was no s ig n i f ic a n t  d i f fe r e n c e  

between EDB row and c o n tro l treatm ent means (T a b le  3 

and Appendix 2 ) .  Nem aticide a p p lic a t io n  d id  not 

in c rea se  the y ie ld  o f  Marathon green  bean.

Xn the second experim ent, there were s ig n i f ic a n t  

d i f fe r e n c e s  (P=0 .01 ) between D—D and c o n tro l treatm ent 

means. D—D in  the row did  not s ig n i f i c a n t ly  in crease  

the y ie ld  o f  K ik a ra , but a s ig n i f ic a n t  y i e ld  in crease  

was ob ta ined  w ith  Mexico 142 (T ab le  4 and Appendix 3 ) .  

Y ie ld s  o f  K ik a ra  and Mexico 142 in  the f i r s t  experim ent 

and o f  Mexico 142 in  the second experim ent, expressed 

in  kg/ha, a re g iv en  in  Tab les 5 and 6 r e s p e c t iv e ly .

DISCUSSION

R esu lts  o f  the f i r s t  experim ent in d ic a te d  that 

a p p lic a t io n  o f  D—D as a broadcast and a row treatm ent, 

and EDB a p p lied  as a b roadcast treatm ent, s ig n i f i c a n t ly  

reduced the numbers o f  M. in c o g n ita  and M. ja van ica  

la rv a e  in  the da rk -red  f r i a b l e  c la y  s o i l .  EDB row 

treatm ent d id  not reduce la r v a l  p opu la tion s .

S ig n i f ic a n t  y i e ld  in creases  (45—60$) were ob ta in ed  

w ith  K ikara  and Mexico 142 in  the f i r s t  experim ent, 

w ith  th ree  trea tm en ts i b roadcast and row a p p lic a t io n  

o f  D-D, and b roadcast a p p lic a t io n  o f  EDB. Th is 

c o r r e la te s  w e l l  w ith  the l a r v a l  popu la tion  decreases



50

in  these tre a te d  p lo ts *  S im ila r  r o o t—knot nematode 

c o n tro l and y i e ld  in c rea ses  by these chem icals have 

been re p o r ted  on va riou s  crops by Lear and Thomason 

(1 9 5 6 ); Good and S te e le  (1 9 5 8 ); Lear and R ask i (1958)5 

N ie ls e n  and Sasser (195 9 ); and Colbran ( 19 6 2 ) .  

N em atic ides d id  not in c rea se  the y ie ld  o f  Marathon 

green  bean; y ie ld s  were u n ifo rm ly  low , presumably 

because the s o i l  type was un favou rab le f o r  th is  

v a r ie t y .

In  the second experim ent in  which overhead 

s p r in k le r  i r r i g a t io n  was used, r e s u lts  in d ic a te d  that 

D—D in  the p la n t in g  row d id  not s ig n i f i c a n t ly  in crease  

the y ie ld  o f  K ik a ra , but in creased  the y i e ld  o f  

Mexico 142 s ig n i f i c a n t ly  (4 2 $ ). Reasons why D-D 

a p p lied  in  the row, on a s im ila r  s o i l  type to  that o f  

the f i r s t  experim ent, d id  n o t s ig n i f i c a n t ly  in crease  

the y ie ld  o f K ik a ra  in  th is  experim ent are  not known. 

W instead e_t a l .  (1958) re p o r ted  that beans p lan ted  in  

rows trea ted  w ith  D-D were s e v e r e ly  stunted and y ie ld s  

were le s s  than those o f  the non—trea ted  p lo t s .  E l l i s  

e t  a l . (1949) rep o rted  that y ie ld s  o f  beans on p lo ts  

t re a te d  w ith  D—D were s ig n i f i c a n t ly  low er than on those 

tre a te d  w ith  EDB and con firm ed p rev ious work by C layton  

and E l l i s  (19^-9) showing th a t both da te  o f  treatm ent 

and inheren t response o f  c e r ta in  crops are im portant 

fa c to r s  to  be con s idered  in  s o i l  fu m iga tion .
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F ie ld  o b se rva tio n s  a t each experim ent in d ica ted  

th a t v e g e ta t iv e  growth o f  the beans in  p lo t s  trea ted  

w ith  D—D or EDB was more v igo rou s  than in  the 

u n trea ted  c o n tro ls  (F ig .  3 ) .  Roots o f  the bean 

v a r i e t i e s  dug from  the u n trea ted  c o n tro l p lo t s  were 

found to  be h e a v i ly  in fe s te d  w ith  the ro o t-k n o t 

nematodes, M. in c o g n ita  and M. ja va n ic a , whereas ro o ts  

from  the tre a te d  p lo ts  were apparen tly  h ea lth y  

(F ig .  4 ) .  These f i e l d  observa tion s  were confirm ed 

by greenhouse po t t e s ts  (F ig u res  5 and 6) ;  s tu n tin g  

and severe  r o o t  g a l l in g  were produced by grow ing 

p la n ts  in  the greenhouse in  s o i l  h e a v ily  contam inated 

w ith  a mixed p op u la tion  o f  M. in co g n ita  and 

M. ja v a n ic a .

These f i e l d  and greenhouse r e s u lts  in d ic a te  that 

h igh  p op u la tion  o f  the ro o t-k n o t nematodes M. in co g n ita  

and M. ja v a n ic a  can reduce bean y ie ld s  in  Kenya by 

as much as 60$» th is  supports cla im s made by H o l l is  

(1962) that nematodes reduce y ie ld s  o f  beans in  Kenya 

sm allh o ld in gs  by 50 to  100$, A lthough in c rea ses  in  

y ie ld s  o f  beans were ob ta in ed  w ith  s o i l  fu m iga tion , 

f i e l d  c o n tro l i s  not cons idered  econom ical in  Kenya 

because o f  the r e l a t i v e l y  low  cost per k ilogram  o f 

beans and the r e l a t i v e l y  h igh  co s t o f  the fum igants. 

A l t e r n a t iv e ly ,  i t  is  suggested  that c o n tr o l o f  r o o t—knot 

nematode on beans in  th is  country , may have to depend 

on non—chem ical c o n tro l p ra c t ic e s , tha t i s ,  crop
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rotation and/or breeding or selecting for tolerant 

or resistant varieties* Discussion on these control 
measures will be found in Chapter 7*



PENETRATION OF LARVAE OF MELOIDOGYNB INCOGNITA

AND M. JAVANICA INTO S IX  BEAN VARIETIES AS 

AFFECTED BY TEMPERATURE

INTRODUCTION

Byars (1914) rep o rted  th a t la rva e  o f  a sp ec ies  

o f  M eloidogyne G o e ld i, 1887 (r e fe r r e d  to then as 

H eterodera  r a d ic ic o la  (G r e e f , 1872) M u lle r , 1884) 

p en etra ted  ep iderm al c e l l s  near the embryonic 

re g io n  o f  a cowpea (V igna s p . )  ro o t  t ip  the f i r s t  

day a f t e r  th e ir  in o c u la t io n  in to  n u tr ien t aga r. 

G od frey  and O l iv e i r a  (1932) observed that the f i r s t  

la rv a e  o f  H. r a d ic ic o la  ( =M eloidogyne sp .) 

p en etra ted  the ro o ts  o f  p in eapp le  ( Ananas sa tivu s  

S c h u lt . )  some tim e p r io r  to 6 hours a f t e r  in o c u la t io n . 

They found th a t a few  nematodes had a lrea d y  pen etra ted  

in to  the in t e r io r  o f the r o o t  t ip s  a t the 6—hour 

o b se rva tio n  and that p e n e tra t io n  took p la ce  in  the 

m eris tem atic  r e g io n . Barrons (1939) dem onstrated 

th a t , when bo th  p lan ts  were g iv en  an equal

op p o rtu n ity  to  become in fe c t e d ,  ju s t as many 

la r v a e  o f  a s p e c ie s  o f  M elo idogyne (r e p o r te d  as 

H. m arion i (Cornu, 1879) Goodey, 1932) en tered  the

ro o ts  o f  a h ig h ly  r e s is ta n t  bean ( Phaseolus
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v u lg a r is  L. v a r .  Alabama N o .1 ) as en tered  the 

ro o ts  o r a s u s c e p t ib le  bean (v a r .  Kentucky 

Wonder). C h r is t ie  (19^6) round th a t la r v a e  or 

H. m arion i ( =M eloidogyne s p . )  d id  not en te r  the 

ro o ts  o r some p lan ts  as r e a d i ly  or in  as la r g e  

numbers as th ey  d id  o th e rs . As a l l  th is  work was 

done b e io re  Chitwood*s (19^9) r e c la s s i r ic a t io n  of 
the ro o t-k n o t  nematode, the a c tu a l sp ec ies  used in  

these in v e s t ig a t io n s  are unknown.

More r e c e n t ly ,  in  experim ents w ith  the en try  

or la r v a e  in to  r o o ts ,  C h r is t ie  (19^9) round that 

when a i r a i r a  ( Medicago s a t iv a  L . ) and Lantana sp. 

were e q u a lly  exposed to in T e c t io n , the r o o ts  or 

a i r a i r a  were h e a v i ly  invaded by la rv a e  o r  a 

sp ec ies  or M elo idogyne but o n ly  v e ry  r a r e ly  were 

the ro o ts  or Lantana en tered . These r e s u lts  

suggest the e x is te n c e  or p la n ts  whose r o o ts  may 

not be invaded  r r e e ly  by la r v a e  or a l l  s p e c ie s . 

R iggs  and W instead (1959) re p o r ted  that la r v a e  o f 

M. in c o g n ita  (K o lo id  and W h ite , 1919) Chitwood,

19^9 p en e tra ted  ro o ts  or r e s is ta n t  and su sce p tib le  

tomatoes ( Lycopersicum  esculentum M i l l . )  in  

s im ila r  numbers but n e c ro t ic  areas appeared

w ith in  2k hours around the la rv a e  in  r e s is ta n t  

p la n ts . M inton (1963) showed that equal numbers 

or two m o rp h o lo g ica lly  s im ila r  popu la tion s or 

M. a ren a ria  (N e a l, 1889) Chitwood, '\̂ k̂  p en etra ted

- 5 h  -
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peanut ( A ra ch is  hypogaea L . ) r o o ts ,  but 

d i f f e r e d  w id e ly  in  p a th o g e n ic ity . B rod ie  and 

Cooper (1964) found that la r v a e  o f  5 s in g le  egg—mass 

is o la t e s  o f  M elo idogyne, r e p re s e n t in g  4 sp ec ies  

and su bsp ec ies , M. a ren a r ia  a ren a r ia  (N e a l, 1889) 

Chitwood, 19^9? M. ja va n ica  ja va n ica  (T reub , 1885) 

Chitwood, 19^9; M. hapla Chitwood, 1949; and 2 

is o la t e s  o f  M. in c o g n ita , p en etra ted  ro o ts  o f  upland 

co tton  (Gossypium hirsutum L . ) seed lin gs  in  equal 

numbers and s ig n i f i c a n t ly  reduced growth o f  co tton  

s e e d lin g s . B ird  and W allace (1965) found th a t in  

a p re lim in a ry  pot experim ent fo u r  times as many 

M. ja va n ica  en tered  tomato ro o ts  as d id  M. hapla 

but t h e ir  grow th  ra te s  were n ot s ig n i f i c a n t ly  

d i f f e r e n t .  M iln e  at a l .  (1965) rep o rted  th a t la rva e  

o f  M. ja v a n ic a  were found to  p en e tra te  the ro o ts  o f  

tobacco (N ic o t ia n a  tabacum L . )  and N. repanda L. 

to  the same d eg ree  and in  the same re g io n .

Reynolds _et a l .  (1970) showed that la rv a e  o f  

M. in c o g n ita  a c r i t a  en tered  both  r e s is ta n t  and 

su sce p tib le  a l f a l f a  v a r i e t i e s  in  approx im ate ly  the 

same numbers. W allace ( 1966 ) observed th a t s e v e ra l 

la r v a e  o f  M. ja v a n ic a  en tered  a tomato r o o t  through 

the same open ing.

No re fe r e n c e s  were found in  the l i t e r a t u r e  

comparing p e n e tra t io n  o f  bean v a r ie t ie s  by M. 

in c o g n ita  and M. ja va n ica . The presen t study was
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undertaken to  compare percen tage p en e tra t io n  o f 

6 s e le c te d  bean v a r ie t ie s  by la rv a e  o f  M. in c o g n ita  

and M. ja v a n ic a .

EFFECT OF EXPOSURE TIME ON LARVAL PENETRATION OF 

M. INCOGNITA AND M. JAVANICA AT A CONSTANT

INOCULUM LEVEL

When in o cu la  o f 100 la r v a e  o f each o f  the two 

sp ec ies  o f  M elo idogyne, which had been kep t in  water 

f o r  more than 24 hours, were te s ted  f o r  p en e tra t io n  

a t  exposure p e r iod s  o f  12, 24 and 48 hours, no la rva e  

o f  e ith e r  sp ec ies  were found in  the ro o ts  o f  any o f  

the bean v a r i e t i e s .  Th is suggested  that la r v a e  which 

had been kept in  a w ater suspension a t room temperature 

f o r  pro longed  period s  were unable to  p en e tra te  ro o ts  

even during a 48 hour exposure.

S im i la r ly ,  100 f r e s h ly  hatched la rv a e  o f  the two 

sp ec ies  d id  n o t p en etra te  r o o ts  a f t e r  a 24 hour 

exposure.

EFFECT OF INOCULUM LEVEL OF M. INCOGNITA AND

M. JAVANICA ON PENETRATION AT A CONSTANT EXPOSURE

TIME

- 5 6 -

When a constan t exposure time o f  48 hours was
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m aintained and in ocu la  l e v e l s  o f 100, 15 0 , 200 and 

300 fre s h ly -h a tc h e d  la rv a e  were used, both  M. in cogn ita  

and M. ja va n ic a  en tered  the ro o t  t ip s  in  a l l  bean 

v a r i e t i e s  excep t Mexico 142 a t the inoculum le v e l  o f  

300 la rv a e  o n ly . A lthough germ ination  o f  v a r ie t ie s  

was sim ultaneous, a t in o cu la t io n  Mexico 142 ro o t  

systems were lo n g e r  ( F i g . 7) than were the systems 

o f  any o f  the o th er v a r ie t i e s  incubated f o r  the same 

p e r iod  o f  tim e ( F i g . 8)3 r a t e  o f  growth o f  the ro o ts  o f 

Mexico 142 was fa s t e r .

PENETRATION PERCENTAGE OF M. INCOGNITA AND M. JAVANICA

AT A CONSTANT INOCULUM LEVEL AND A CONSTANT EXPOSURE 

TIME

A n a ly s is  o f  va r ian ce  made on the p en e tra tio n  

p ercen tage  o f  M. in co g n ita  and M. ja va n ic a  a t a 

constan t inoculum l e v e l  o f  100 fre sh ly -h a tch ed  la rva e  

o f  each o f  the sp ec ies  o f  M elo idogyne, a f t e r  48 hours 

exposure, r e v e a le d  no s ig n i f ic a n t  d i f fe r e n c e s  between 

the bean v a r i e t i e s  or the sp ec ies  o f  M elo idogyne, 

whether the experim ent was conducted a t room or 

greenhouse tem peratu res. When the experim ent was 

s tu d ied  under growth chamber co n d itio n s , d a ta  on the 

p en e tra t io n  percen tage  (T a b le s  7 and 8; Appendices 4 

and 5) in d ic a te d  that w h ile  th ere  were no s ig n i f ic a n t  

d i f fe r e n c e s  between v a r i e t i e s ,  there were h ig h ly
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TABLE 7

Percen tage  p e n e tra t io n  means o f  MeJLoidogyne in co g n ita  

and M. ja va n ic a  la rv a e  in  r o o ts  o f  K ika ra , Mexico 142, 

Canadian Wonder, M asterp iece , Marathon and Prem ier 

bean v a r i e t i e s .  (M. in c o g n ita  inoculum co n s is ted  o f  

la rv a e  d e r iv e d  from egg masses; M. ja va n ic a  inoculum 

co n s is ted  o f  la r v a e  d e r iv ed  from  s o i l ) .

Bean v a r ie t y

gL
P ercen tage  p en e tra tio n  o f  

sp ec ies  o f  M eloidogyne

M. in c o g n ita M. ja va n ic a

K ikara 46.4 11.2

Mexico 142 43.4 9 .6

Canadian Wonder 36.2 4 .2

M asterp iece 43.6 7.6

Marathon 43.2 2.8

Prem ier 41.6 3.6

L .S .D . (P  = 0 .001) between two sp ec ies  means = 14.16 

a Mean o f  5 r e p l ic a t e s

k inoculum = 100 la rv a e  o f  each o f  the two spec ies

p e r  r o o t  s y s te m
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TABLE 8

Percen tage  p en e tra t io n  means o f  M eloido^yne in cogn ita  

and M. ja va n ic a  la rva e  in  r o o ts  o f  K ik a ra , Mexico l42, 

Canadian Wonder, M asterp iece , Marathon and Prem ier 

bean v a r ie t ie s #  (inoculum o f  both sp ec ie s  was 

d e r iv ed  from egg masses).

Bean v a r ie t y

P ercen tage  p en e tra tio n  o f  

sp ec ies  o f  M eloidogyne^

M. in c o g n ita M. ja va n ica

K ikara 42.6 21.6

Mexico 142 28.4 28.4

Canadian Wonder

00•T—-3
- 14.2

M asterp iece 5 0 .0 2 2 . 8

Marathon 54.2 31.4

Prem ier 56.0 28.0

L .S .D . (P  = 0.001) between two species means = 14.94 

a Mean of 5 replicates
k Inoculum = 100 larvae of each of the two species

p e r  r o o t  s y s te m
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s ig n i f ic a n t  d i f f e r e n c e s  (P  <^0.001) between sp ec ies .

A t growth chamber ambient tem peratures o f  23° and 

29°C f o r  n igh t and day r e s p e c t iv e ly  in  Experiment 8 , 

in  which la r v a e  o f  the inoculum were o f v a ry in g  age, 

a s t r ik in g  d i f f e r e n c e  was noted  between M. in c o g n ita  

and M. ja v a n ic a : p en e tra tio n  percen tage o f  M. in co g n ita  

was s ig n i f i c a n t ly  h igh er in  a l l  6 bean v a r i e t i e s  

(T a b le  7 )• When ambient tem peratures o f  the growth 

chamber were ra is e d  to 25°and J0°C f o r  n ig h t  and 

day in  Experim ent 9> in  which la rv a e  were o f  the same 

age , d i f fe r e n c e s  between sp ec ies  were aga in  h igh ly  

s ig n i f i c a n t .  In  a d d it io n , d i f fe r e n c e s  in  p en e tra tio n  

o f  d i f f e r e n t  bean v a r ie t ie s  were observed: M. in co g n ita  

d id  not d i f f e r  s ig n i f i c a n t ly  from M. ja va n ica  in  

p e n e tra t in g  r o o t  systems o f  Mexico 142 (T a b le  8 ) .

M. in c o g n ita , however, pen etra ted  ro o ts  o f  K ikara , 

Canadian Wonder, M asterp iece , Marathon and Prem ier in  

s ig n i f i c a n t ly  g r e a te r  numbers than M. ja v a n ic a .

DISCUSSION

In  the p re lim in a ry  experim ents, M. in c o g n ita  

and M. ja v a n ic a  la r v a e ,  at inoculum le v e ls  o f  100 

la r v a e ,  f a i l e d  to  p en etra te  r o o t  systems o f  any o f 

6 bean v a r i e t i e s  a f t e r  exposure p er iod s  o f  1 2 , 24 or 

48 hours. F a i lu r e  o f  the la r v a e  to p en e tra te  may have 

been due to  the weak and in a c t iv e  c o n d itio n  o f  the
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la rva e  used f o r  in o c u la t io n : these had been kept in  

a w ater suspension a t room tem perature f o r  more than 

24 hours. Dropkin (1957) re p o r ted  that l a r v a l  

i n f e c t i v i t y  o f  H. ro s to c h ie n s is  W o ll. d e c lin e d  

r a p id ly  when la rv a e  were s to re d  in  tap w a ter a t 

room tem perature f o r  extended p e r io d s . S im ila r  

ob serva tion s  were reported  by Thomason e t  a l .  (1964) 

who found th a t in f e c t i v i t y  o f  M. ja van ica  was 

reduced more r a p id ly  than m o t i l i t y  a f t e r  4 days 

s to rage  in  tap water a t 3° o r  27°C. They suggested 

th a t la rv a e  o f  M. ja van ica  were in ju red  by low  

tem perature w h ile  at h igh  tem peratures the d e c lin e  

in  i n f e c t i v i t y  was due to h igh  r e s p ir a to r y  r a te  and 

d e p le t io n  o f  energy needed f o r  p en e tra tion  o f the 

h ost r o o t .  Van Gundy e t  a l . (1967) re p o r te d  that 

another nematode, Tylenchulus sem ipenetrans Cobb, 1913 

was m o tile  and in f e c t iv e  in  v i t r o  f o r  a lo n g e r  time 

than M. ja v a n ic a .

Reasons f o r  M. in c o g n ita  and M. ja va n ica  la rva e  

n ot p en e tra t in g  the bean r o o t  systems a f t e r  an 

exposture p e r io d  o f  24 hours a re  not known. G od frey 

and O liv e ir a  (1932) rep o rted  that a t an inoculum 

l e v e l  o f  approx im ate ly  500 la r v a e  o f  H. r a d ic ic o la  

(=M eloidogyne s p . ) ,  p e n e tra t io n  in  p in eap p le  ro o ts  

occu rred  some tim e p r io r  to 6 hours a f t e r  in o c u la t io n . 

S id d iq u i and T a y lo r  (1970) found tha t at an inoculum

l e v e l  o f  approx im ate ly  500 la r v a e ,  la r g e  numbers o f
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la r v M  o f  M. ru>a»l F ra n k lin , 196} ontorod o a t ro o t*  

w ith in  26 hour* a f t e r  in o c u la t io n  a t  a grow th chaabor 

toapora tu re  o f  2<>°C. In  tho exporiaon t rop o rtod  h ere , 

i t  seoan p o s s ib le  that nuabors woro below  tho n u aorlca l 

thraahold  f o r  p on o tra tlon i i f  tho inoou lu a  lo v a la  had 

boon inoroasod , pon o tra tion  w ith in  26 houra B igh t 

hovo occu rred .

khan tho oxpoauro p o r lod  waa lnoraaaod  to  68 hour*, 

pon o tra tion  o f  5 o f  the 6 boon v a r ia t io n  by f r o a h ly -  

hatohod, a c t iv e  la rv a e  o f  M. in co g n ita  and M. Javanlea 

oocurrod a t inoou lua  lo v o la  o f  100, 150, 200 and 300.

In  Noxioo 162, ovon a t tho inoou lua lo v o l  o f  300 la r v a e , 

thoro waa no p o n o tra tio n . Noxioo 162 r o o t  ayatoas 

woro o f  g ro a to r  len g th  a t tho t ia o  o f  in o c u la t io n  

ovon though a l l  v a r io t io a  had boon inoubatod f o r  tho 

anno porlod  o f  t ia o .  I t  waa aaauaod that becauao o f  

th ia ,  la rv a e  d id  not lo o a te  tho ro o t  t lp a ,  tho fo c a l  

p o in t o f  on try  by aoat noantodo la r v a e  (B ya rs , 1916) 

G od froy  and O l iv o ir a ,  1932) C h r ia t io ,  1936) Viddowaon 

o t a l . , 1958) Peacock, 1959)»

A lthough la rv a e  o f  M. in co g n ita  and M. Javanlea 

p en etra ted  r o o t  ayatoaa in  a l l  6 bean v a r io t io a ,  

r e a u lta  ahow th a t no a ig n i f le a n t  d i f f e r e n c e s  in  

p en e tra tion  p ercen tage  o x is to d  between the v a r io t io a  

and tho sp ec ies  whether tho oxp o ria on t was conducted 

under room o r greenhouse tooq>eraturo c o n d it io n s .
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F a ilu re  to a ch ie ve  s ig n i f i c a n t  d i f fe r e n c e s  between 

the sp ec ies  was probab ly due to low  and v a r ia b le  

room and greenhouse tem peratures. R esu lts  o f  a 

s im ila r  experim ent conducted under c o n t r o l le d  growth 

chamber co n d itio n s  a t h igh er temperatures in d ic a te d  

th a t h ig h ly  s ig n i f ic a n t  d i f fe r e n c e s  a t 0 . l e v e l  

occu rred  between the two sp e c ie s . A t  tem peratures 

o f  23° and 29°C fo r  n igh t and day r e s p e c t iv e ly ,

M. in c o g n ita  la r v a e  p en e tra ted  ro o t  systems in  a l l  

the 6 bean v a r i e t i e s  in  s ig n i f i c a n t ly  g r e a te r  numbers 

than M. ja v a n ic a  la rv a e . When the tem peratures were 

ra is e d  to  25° and 30°C fo r  n igh t and day, s ig n i f i c a n t ly  

h igh er numbers o f  M. in c o g n ita  la rv a e  p en etra ted  r o o t  

systems o f  K ik a ra , Canadian Wonder, M asterp iece , 

Marathon and P rem ier than M. ja van ica  la r v a e .  There 

were no s ig n i f ic a n t  d i f fe r e n c e s  between M. in co g n ita  

and M. ja v a n ic a  la rv a e  in  p en e tra tio n  o f r o o t  systems 

o f  Mexico 142. I t  i s  p robab le  that in  th is  experiment 

aga in  ra p id  r o o t  growth o f  Mexico 142 in  some way 

p rec lu ded  p e n e tra t io n , p robab ly  a r e s u lt  o f  f a i lu r e  

o f  the la r v a e  to  lo c a te  the r o o t  t ip s .

I t  appears from  these r e s u lts  that p e n e tra t io n  

i s  in flu en ced  by age o f  la r v a e  and tem peratures h igh  

p ercen tage  o f  both  M. in c o g n ita  and M. ja v a n ic a  were 

re co v e red  when young f r e s h ly —hatched la r v a e  were used, 

and the tem perature was ra is e d  to 25° and 30 C fo r  

n igh t and day r e s p e c t iv e ly .  B ird  and W allace (1965)
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rep o rted  that a t  15-20°C, M. hapla invaded tomato 

ro o ts  in  s ig n i f i c a n t ly  g r e a te r  numbers than M. ja va n ic a , 

but numbers o f  M. hapla in va d in g  a t 20-25°C were 

n ot s ig n i f i c a n t ly  d i f f e r e n t .  S im ila r ly ,  a t  25-30°C,

M. ja van ica  had a s ig n i f i c a n t ly  h igh in va s ion  ra te  

than M. h ap la , but there were no s ig n i f ic a n t  

d i f fe r e n c e s  d e te c ted  between the numbers o f  M. ja van ica  

in vad in g  tomato ro o ts  a t 15*»20, 25-30 and 30-35°C 

tem perature ran ges . Hu ( 1966 ) rep orted  th a t optimum 

tem perature range fo r  M. in c o g n ita  and M. ja va n ica  

f o r  p en e tra t io n  o f sugar cane was 20—30°C, and 

W allace ( 1966 ) rep o rted  a s im ila r  tem perature range 

f o r  M. ja v a n ic a  fo r  p en e tra t io n  o f tomato r o o ts .

A lthough la rva e  o f  both spec ies  were recovered  

from  a l l  p a rts  o f  the ro o t  systems o f  each o f  the 

bean v a n it ie s ,  the la r g e s t  con cen tra tion s  were in  

areas behind the ro o t t ip s .  This agrees w ith  

o b serva tion  made by 0*Brien  and P ren tic e  (1931 )»

G od frey  and O liv e ir a  (193 2 ); L in fo rd  (193 9 ); W ieser 

(195 5 ); Widdowson e_t a l»  (1958) ; Peacock (1 9 5 9 );

B ird  (1962b ); L a v a lle e  and Rohde ( 19 6 2 ) .  The area 

o f  ro o t  e lo n g a tio n  behind the a p ic a l meristem  is  

p o s s ib ly  more e a s i ly  p en etra ted  than o th er p o rtion s  

o f  the r o o t  system . Regions o f  a r o o t  w ith in  the same 

roo t-sys tem  a re  known to be d i f f e r e n t i a l l y  a t t r a c t iv e  

o r  r e p e l le n t  to  nematodes. W ieser (1955) working on 

the e f f e c t  o f  tomato s e e d lin g s  and ex c ised  ro o ts  on
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M. hapia found tha t the r e g io n  o f  c e l l  e lo n g a tio n  o f  

the tomato r o o t  exuded an a t t r a c t iv e  substance to 

the la rv a e  o f  M. h ap ia , w h ile  the m eris tem atic  

r e g io n  and the r o o t  cap gave o f f  a r e p e l le n t  

substance. The d is t r ib u t io n  o f  the la rv a e  in  the 

ro o ts  in d ic a te d  that some ro o ts  had a g r e a te r  chance 

o f  b e in g  invaded than o th e rs . In  some cases  as 

many as 50 la r v a e  were recove red  from  a s in g le  ro o t  

whereas in  o th e r  ro o ts  o f the same bean v a r i e t y  none 

were observed . Mass a c t io n  appears to  be a fa c t o r  in  

heavy p e n e tra t io n  o f  ro o t  t ip s ;  la r g e  numbers o f 

la r v a e  o fte n  en ter the ro o t a t or near the same p o in t .
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C H A P T E R  5

COMPARATIVE DEVELOPMENT OF MELOIDOGYNE INCOGNITA 

AND M. JAVANICA ON SIX BEAN VARIETIES

INTRODUCTION

The ro o t-k n o t nematode i s  an o b l ig a te  p a ra s ite .  

Though i t  can remain a l i v e  f o r  long p er iod s  in  the s o i l  

in  e ith e r  the la r v a l  o r the egg s tages , i t  cannot 

com plete i t s  l i f e  c y c le  ou ts id e  the ro o ts  o f  the host 

p la n t . Once in s id e  a p la n t, the nematode may fe e d  on 

e x is t in g  c e l l s  o r i t  may e l i c i t  changes in  host 

t is s u e s  that a re  e s s e n t ia l f o r  the p a ra s ite *  s growth.

Many p la n ts  are regarded  as r e s is ta n t  to  r o o t -  

knot nematode, not because la r v a e  f a i l  to e n te r  but 

because they f a i l  to d eve lop  a f t e r  e n te r in g . Sasser 

and T a y lo r  (1952) showed th a t ,  in  a d d it io n  to  normal 

en try  and development o f  the ro o t-k n o t la r v a e ,  there 

a re  a lso  o th er  re a c tio n s  depending on p la n t spec ies  

in v o lv e d . Larvae may e ith e r  f a i l  to  en ter the ro o ts , 

en te r  in  reduced numbers w ith  l i t t l e  or no developm ent, 

o r  en ter in  la r g e  numbers w ith  va ry in g  degrees  o f 

developm ent ran g in g  from  none a t a l l  to a few  o f  the 

in d iv id u a ls  reach in g  m a tu rity . Development i s  

g e n e r a l ly  s low er in  r e s is ta n t  v a r ie t i e s  than in
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su sce p tib le  and few , i f  any, fem ales reach  m atu rity  

(Rohde, 1965)• In  g e n e ra l, fa c to r s  f o r  r e s is ta n c e  

opera te  a f t e r  en try  and are most o fte n  in d ic a te d  by 

f a i lu r e  o f  the host plaint to  respond to nematode 

s e c re t io n s  in  a manner fa vo u ra b le  to nematode 

developm ent. F a s s u lio t is  (1970) found th a t although 

as many la irvae o f M eloidogyne in co g n ita  a c r i t a  

Chitwood, 1949 penetra ted  the ro o ts  o f  r e s is ta n t  

Cucumis f  i c i f  o l iu s  Bouche, and C_. m e tu lif erus Mey 

as those o f the su scep tib le  melon (C . melo L . ) ,  few  

deve loped  to a d u lt fem a les . R es is tan ce  in  C. 

f i c i f o l i u s  and C. m a tu life ru s  was a sso c ia ted  w ith  

h indrance o f la r v a l  developm ent beyond the second 

s ta ge , d e layed  development o f  la rv a e  to a d u lts  and 

s t im u la tion  toward maleness. A h igh p rop o rtio n  o f 

males i s  o fte n  a c h a r a c te r is t ic  o f ro o t-k n o t  nematode 

popu la tion s o f  r e s is ta n t  p la n t v a r ie t ie s .  Th is  has 

been in te rp r e te d  as an in d ic a t io n  o f  s tre s s  s in ce  o th er 

adverse environm ental fa c to r s  induce la rv a e  to develop  

as males in s tea d  o f  fem ales (T r ia n ta p h y llo u , i 960) .  

S id d iq u i and T a y lo r  (1970) dem onstrated con s id e ra b le  

v a r ia t io n  in  s u s c e p t ib i l i t y  among oat (Avena s a t iv a  

L . )  v a r ie t ie s  screened a ga in s t the I l l i n o i s  is o la t e  

o f  the b a r le y  r o o t—knot nematode, M. naasi F ra n k lin , 

1965. A l l  v a r ie t i e s  ra ted  as su scep tib le  con ta ined  

t y p ic a l  fem a les  and egg masses in  g a l le d  t is s u e . 

D if fe r e n c e s  in  the developmental, ra te s  o f  nematode 

is o la t e s  have been shown by M ic h e ll and T a y lo r  (1972)
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w ith  f i v e  g eog ra p h ica l i s o la t e s  o f  M. n a a s i, on 

b a r le y  (Hordeum vu lga re  L . ) } o a t j sorghum ( Sorghum 

b ic o lo r  Moench)j and quack g ra ss  (Agropyron  repens 

B ea u v ,). Sorghum was the most su ita b le  h os t f o r  the 

Kansas i s o la t e  but d id  not support developm ent beyond 

the in f e c t i v e  la r v a l  stage  in  the o th er is o la t e s .

Development o f the r o o t—knot nematode is  

in flu en ced  by environm ental fa c to r s  o th er than the 

h ost, o f  which temperature seems to be the most 

im portan t. Dem onstrating the e f f e c t  o f th is  fa c t o r ,  

T y le r  ( 1933b) found that in  tomato ( Lycopersicum  

esculentum M i l l . )  grown in  s o i l  a t 27°C, 16 to  19 

days e lapsed  from  the time la rv a e  en tered  the ro o ts  

u n t i l  fem a les  began to la y  eggs . When p la n ts  were 

cu ltu red  a t 24°C , th is  in t e r v a l  was 25 to  27 days, 

and a t 15.5°C i t  was 67 days. Davide and 

T r ia n ta p h y llou  (1967) found tha t the m a jo r ity  o f 

M. in c o g n ita  (K o fo id  and W h ite , 1919) Chitwood, 19^9 

la rv a e  reached the adu lt s ta ge  on tomato w ith in  10 

and 50 days a f t e r  in o c u la t io n  a t , r e s p e c t iv e ly ,  35 

and 15°C. M ales o f M. in c o g n ita  con s itu ted  le s s  than 

1$ o f the nematodes developed  a t 20 , 30 o r 35 C and 

about 6.7$ a t  15°C.

These d i f fe r e n c e s  in  p a ra s ite  developm ent re su lte d  

from in te r a c t io n s  between the same race  o f  nematode and 

d i f f e r e n t  h os t p la n ts , and from  in te ra c t io n s  between
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d i f f e r e n t  ra ces  o f  the p a ra s it e  and the same host 

p la n t. The e x is ten ce  o f  ra ce s  w ith  host range 

d i f fe r e n c e s  w ith in  the r o o t—knot nematodes cou ld 

c re a te  many problems r e la t in g  to  crop r o ta t io n  

recommendations and the screen in g  o f  p a ren ta l l in e s  

f o r  r e s is ta n c e  to the nematodes.

A lthough in  the p rev iou s  s tu d ies  d escr ib ed  in  

Chapter 4 on the r e a c t io n  o f  the 6 bean v a r i e t i e s  to  

in va s ion  by M. in co g n ita  and M, ja van ica  (T reu b ,

1885) Chitwood, 1949 la rg e  numbers o f  la rv a e  were 

re co v e red  in  the ro o ts  48 hours a f t e r  in o c u la t io n , 

i t  was not known whether the v a r ie t ie s  were s u ita b le  

o r  u n su itab le  hosts to  the r o o t—knot nematodes. I t  

i s  w e ll  known tha t beans ( Phaseolus v u lg a r is  L . v a r . 

P in to ) a re  s u ita b le  hosts o f  M. hapla Chitwood, 1949 

(W ieser , 1956). To determ ine the e f f e c t s  o f  the 

h osts  on the p a ra s it e ,  s tu d ies  on com parative ra te  

o f  development o f  M. in c o g n ita  and M. ja van ica  in  ro o ts  

o f  the 6 bean v a r ie t ie s  were conducted a t d i f f e r e n t  

tim e in te r v a ls  a f t e r  in o c u la t io n , under con d ition s  

o f  c o n tr o lle d  environment.

TEN DAYS AFTER INOCULATION

Samples taken 10 days a f t e r  in o c u la t io n  showed 

th a t sexual d i f f e r e n t ia t io n ,  which norm a lly  takes p lace
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during the second la r v a l  s ta g e , had occu rred  in  

92$ o f Mo in c o g n ita  and 100$ o f  M. ja va n ic a  in  

M asterp iece ; 98$ o f  M. .javan ica  in  Marathon; and 

100$ each o f  M» in c o g n ita  and M. ja va n ica  in  Mexico 

1̂ -2 (T a b le  9 ) »  in  most o f  the bean v a r i e t i e s  the 

predominant developm ental form  o f  both  sp e c ie s  was 

the th ird -s ta g e  fem ale la r v a ;  no ad u lt fem a les  or 

males o f  e i th e r  sp ec ies  were observed in  any o f  the 

v a r i e t i e s  10 days a f t e r  in o c u la t io n .

TWENTY DAYS AFTER INOCULATION

A t 20 days a f t e r  in o c u la t io n , sexual d i f f e r e n t ia t io n  

occu rred  in  100$ o f  each o f  M. in co g n ita  and M. ja va n ica  

in  a l l  bean v a r i e t i e s  (T a b le  10 ). The m a jo r ity  o f  

the nematodes observed were adu lt fem ales w ith  egg 

masses extruded  ou ts id e  the r o o t ;  percen tages o f 

oviparous fem a les  ranged from  23 to 96. A low  

p rop o rtio n  o f  males, 1$ o r le s s ,  was observed in  

Mexico 142, M asterp iece , Marathon and Prem ier.

THIRTY DAYS AFTER INOCULATION

In  the 30-day samples the predominant nematodes 

observed  were a d u lts , 55$ o r  more b e in g  e g g - la y in g  

fem a les in  a l l  bean v a r i e t i e s  (T a b le  11 ). Numbers 

o f  d i f f e r e n t ia t e d  M. in c o g n ita  and M. ja va n ica  

males in  the v a r ie t i e s  M exico 1^2, M asterp iece ,



TABLE 9

Developm ent or M elo idogyne in c o g n ita  and M. ja v a n ic a  on s ix  bean v a r i e t i e s  10 days a f t e r  

in o c u la t io n

T o ta l  no, o f  
nematodes

S e x u a lly  
u n d if fe r e n t ia t e d

S ex u a lly  d i f f e r e n t ia t e d nematodes, %

Host M elo idogyne
examined in  
th ree  h e a v i ly

2nd—stage  
la r v a e ,  % Female la r v a e T o ta l

spp. g a l le d  r o o ts - 2nd 3rd 4 th

K ik a ra M. in c o g n ita 54 72 4 20 4 28

M. ja va n ic a 57 35 2 61 2 65

M exico M. in c o g n ita 11 0 0 73 27 100

142 M. ja va n ic a 63 0 2 81 17 100

Canadian M. in c o g n ita 118 47 2 50 1 53
Wonder M. ja va n ic a 12 7 27 3 68 2 73

M aster- M. in c o g n ita 156 8 4 83 5 92

p ie c e M. ja v a n ic a 96 0 2 ~ ~ W 29 100

Marathon
M. in c o g n ita 85 54 0 40 6 46

M. ja v a n ic a 92 2 0 92 6 98

M. in c o g n ita 172 33 2 56 9 67
Prem ier M, ja v a n ic a 358 56 2 39 3 44
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D e v e lo p m e n t  o f  M e l o i d o g y n e  i n c o g n i t a  and _M* j a v a n i c a  on  s i x  b ea n  v a r i e t i e s  20 d a y s  a f t e r  i n o c u l a t i o n

Host M eloidogyne

T o ta l  no. o f
nematodes
examined
in  th ree
h e a v i ly
g a l le d
ro o ts

S exu a lly  
u n d i f fe r e —

S ex u a lly  d i f f e r e n t ia t e d  nematodes, %

n t ia te d  
2nd—stage  
la r v a e ,  %

Fem ales Males

T o ta lspp. La rvae A d u lts Larvae
A d u lts

2nd 3rd 4th w/o
eggs

w ith
eggs

2nd 3rd 4 th

K ik a ra
M. in c o g n ita 52 0 0 0 25 52 23 0 0 0 0 "166

M. ja va n ica 45 0 0 0 0 4 9& 0 0 0 0 100

M exico 
1 42

M. in c o g n ita 77 0 0 3 1 4 9 73 0 0 6 “ T " 100
M. ja va n ica ------ rs------------- 0 0 0 1 1 22 67 0 0 0 0 100

Canadian
Wonder

M. in c o g n ita 1 61 0 0 0 21 29 5o 0 0 0 0 100
M. ja va n ic a 138 0 0 0 9 38 53 0 0 0 0 100

M aster
p ie c e

M. in c o g n ita 1^5 0 0 4 13 29 53 0 0 0 1 100

M. ja va n ic a 157 0 1 2 26 16 53 1 0 0 1 100

Marathon
M. in c o g n ita 121 0 0 1 17 28 52 0 0 0 2 100
M. ja va n ic a ~ w ~ O 0 0 10 31 59 0 O 0 0 100

Prem ier
M. in c o g n ita 55 0 0 0 5 33 62 0 0 0 0 100
M. ja va n ic a 118 0 0 0 6 17 74 0 0 0 1 100
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D e v e lo p m e n t  o f  M e l o i d o t i n c o g n i t a  and  M. j a v e m i c a  on s i x  b e a n  v a r i e t i e s  30 d a y s  a f t e r  i n o c u l a t i o n

Host M eloidogyne

T o ta l no. o f
nematodes
examined in
th ree
heav ily -
g a l le d
r o o ts

S e x u a lly  
u n d i f fe r e — 
n t ia te d  
2n d -s tage  
la r v a e ,  #

S e x u a lly  d i f f e r e n t ia t e d  nematodes, $

Females Males
spp.

Larvae A d u lts Larvae J. O UdJL

2nd 3rd 4-th w/o
eggs

w i th
eggs

2nd 3rd 4th AaviXts

K ik a ra
M. in c o g n ita 148 0 0 0 "T~ 15 81 0 0 0 0 100
M. ja va n ica 39 0 0 0 0 3 97 0 0 0 0 100

M exico
142

M. in c o g n ita 206> 0 0 1 12 "IT " 70 0 0 0 1 100
M. ja va n ica 15& 0 0 2 19 13 65 0 0 0 1 100

Canadian
Wonder

M. in c o g n ita 173 0 0 0 ~T~ 32 T T ~ 0 0 0 0 100
M, ja va n ic a 33 0 0 0 3 9 88 0 0 0 0 100

M aster—
p ie c e

M. in c o g n ita 262 0 1 2 24 55 0 0 1 1 100
M. ja va n ic a

00 0 0 1 ~T~ “ 2F~~ v r “ 0“ “ 2“ “ 0 o— — TOO
Marathon M. in c o g n ita 180 0 0 0 11 23 T T 0 0 1 1 100

M. ja v a n ic a 97 0 0 0 15 19 65 0 0 1 0 100

Prem ier
M. in c o g n ita 229 O 0 1 7 20 72 0 0 0 0 100
M. ja v a n ic a 167 0 0 2 12 23 62 0 0 1 0 100



TABLE 12

D e v e lo p m e n t  o f  M e l o i d o g y n e  i n c o g n i t a  and  M. j a v a n i c a  on  s i x  b e a n  v a r i e t i e s  40 d a y s  a f t e r  i n o c u l a t i o n

Host M elo idogyne

T o ta l  no. o f
nematodes
examined
in  th ree
h e a v i ly
g a l le d
ro o ts

S e x u a lly  
u n d i f fe r e —

S e x u a lly  d i f f e r e n t ia t e d  nematodes, %

n t ia t e d  
2nd—stage  
la r v a e ,  %

Females M ales
T o ta lspp.

Larvae A du lts Larvae
A d u lt s

2nd 3rd 4 th w/o
eggs

w ith
oggs

2nd 3rd 4 th

K ik a ra
M. in c o g n ita 315 0 0 0 7 15 78 0 0 0 0 100
M. ja va n ic a 177 0 0 0 14 10 76 0 0 0 0 100

M exico
142

M. in c o g n ita ~ W 0 0 0 5 8 87 0 0 0 0 100
M. ja va n ic a 1 64 O 0 O 5 21 74 O 0 0 0 100

Canadian
Wonder

M, in c o g n ita Go 0 0 0 0 7 93 0 0 0 0 100
M. ja va n ic a 90 0 0 0 0 12 88 0 0 0 O 100

M aster-
p ie c e

M. in c o g n ita 75 0 0 0 0 0 100 0 0 0 0 100
M. ja v a n ic a 105 0 0 0 3 15 82 0 0 0 0 100

Marathon
M. in c o g n ita SET 0 0 0 0 25 7^ 0 0 0 1 100
M. ja va n ic a 87 0 0 0 11 22 67 0 0 0 0 100

Prem ier M. in c o g n ita 135 0 0 0 14 28 57 0 0 1 0 100

M. ja v a n ic a 229 0 0 0 2 26 72 0 0 0 0 100
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Marathon and Prem ier were a ga in  low , w ith  l i t t l e  

o r  no in c rea se  in  frequ en cy . A t th is  sam pling date , 

r o o ts  o f  a i l  v a r i e t i e s  con ta in ed  second g en e ra tio n , 

s e x u a lly  u n d if fe r e n t ia te d  second—stage  la r v a e  o f  both 

s p e c ie s .

FORTY DAYS AFTER INOCULATION

R esu lts  o f  ob serva tion s  made a f t e r  40 days were 

s im ila r  to  those a t 30 days, except that no sex u a lly  

d i f f e r e n t ia t e d  second— and th ird -s ta g e  la r v a e  o f  the 

i n i t i a l  p op u la tion  were p resen t in  any o f  the bean 

v a r i e t i e s .  The percen tage o f  e g g - la y in g  fem a les  had 

in c rea sed , and now ranged from  57 to 100 (T a b le  12).

Only 1$ or l e s s  o f  M. in c o g n ita  males was observed 

in  Marathon and Prem ier. R oots  o f a l l  v a r i e t i e s  

con ta in ed  a second gen era tion  o f  s ex u a lly  d i f f e r e n t ia t e d  

second- and th ir d —stage la r v a e  o f  both  s p e c ie s .

DISCUSSION AND CONCLUSION

R ates o f  development from  la rva e  to s ex u a lly  

d i f f e r e n t ia t e d  nematodes occu rred  more r a p id ly  in  

Mexico 142 f o r  M. in c o g n ita  and M. ja v a n ic a , and in  

M asterp iece  f o r  M. ja va n ica  o n ly , than in  o th e r  bean 

v a r i e t i e s  in o cu la ted  a t  the same tim e. However, the 

p e r iod  taken f o r  la r v a e  o f  b o th  nematode sp ec ie s  to 

d eve lop  to  the adu lt s tage  was id e n t ic a l  in  a l l  6 bean
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v a r i e t i e s .  A t  growth chamber ambient tem peratures 

o f  25° and 30°C n igh t and day r e s p e c t iv e ly ,  a h igh  

percen tage  o f  bo th  sp ec ies  deve loped  in to  fem a les  

which la id  eggs w ith in  20 days a f t e r  in o c u la t io n ; 

these fem ales com pleted th e ir  l i f e  c y c le  and a 

second g e n e ra tio n  was d eve lop in g  w ith in  30 days in  

a l l  v a r ie t i e s .  A low percen tage o f the nematode 

sp ec ies  d eve lop ed  to males. M ich e ll and T a y lo r  (1972) 

rep o rted  a s im ila r  len g th  o f  l i f e  c y c le  and a low 

percen tage o f  males f o r  a Kansas is o la t e  o f  M. naasi 

on sorghum. They concluded th a t , based on the amount 

o f  g a l l in g  and ra te  o f  nematode developm ent, sorghum 

appeared to be an e x c e lle n t  h ost fo r  the Kansas 

i s o la t e .  In  c o n tra s t , C h r is t ie  (19^9) observed  tha t 

in  a h ig h ly  s u ita b le  host f o r  a g iven  sp ec ies  o f  

M elo idogyne, grow ing a t  the temperature optimum fo r  

ra p id  developm ent o f the p a ra s ite s ,  the f i r s t  fem ales 

to  mature began to la y  eggs in  from 25 to 30 days 

a f t e r  they en te red  the ro o ts  as la rv a e . S u i t a b i l i t y  

o f  host p la n t i s  thus suggested  where a h igh  percen tage 

o f  a nematode pop u la tion  deve lop es  to  fem ales compared 

w ith  a low  percen tage  d eve lop in g  to males. A f t e r  

making numerous cu ltu res  o f  M eloidogyne sp. on tomato 

ro o ts  grown a s c e p t ic a l ly  on aga r, T y le r  (1933a) found 

more males in  o ld  or h e a v i ly  p a ra s it iz e d  r o o ts  than 

in  l i g h t l y  in fe s t e d  ones, which she a t t r ib u te d  to 

inadequate n u t r it io n  when the p a ra s ite s  were crowded. 

L in fo rd  (19^1) came to a s im ila r  conc lu s ion  a f t e r
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ob serv in g  the developm ent o f  ro o t-k n o t nematodes a t 

the edges o f  cowpea le a v e s  where the sm all v e in s  

p rov id ed  poor n u t r it io n  f o r  the p a ra s ite s . Observing 

M. in c o g n ita  in  numerous experim ents, T r ia n ta p h y llou  

( i 960) found th a t many more la rv a e  became males in  

crowded g a l ls  form ed in  r o o t  t ip s  than in  le s s  crowded 

p a r ts . He concluded th a t, when con d ition s  a re  

fa v o u ra b le , most second—stage  la rva e  in  a r o o t  develop  

in to  fem a les ; when co n d itio n s  are u n favou rab le , most 

d eve lop  in to  m ales.

The fo rm a tion  o f  egg masses ou ts id e  the ro o ts  o f  

beans in  both  s p e c ie s , the p o s it io n  in  which eggs o fte n  

b eg in  to  hatch  im m ediately, thus r e le a s in g  la rv a e  

d i r e c t l y  in to  the surrounding s o i l ,  i s  a f a c t o r  o f 

co n s id era b le  s ig n if ic a n c e  in  the ra p id  b u ild -u p  o f  

nematode popu la tion s in  the f i e l d .  S im ila r  observa tion s  

have a ls o  been made in  r o o t—knot nematodes on cowpea 

by G od frey  and O l iv e ir a  (1932) and Peacock (195 7 ); the 

l a t t e r  author suggested  th a t th is  may be im portant 

in  r o o t—knot c o n tro l s in ce  ex te rn a l egg masses are 

l i k e l y  to  be much le s s  r e s is ta n t  than egg masses 

p ro te c te d  by a g a l l  t is s u e .

I t  i s  concluded from  the presen t s tu d ie s  that 

M. in c o g n ita  and M. ja va n ic a  can deve lop  and reproduce 

r a p id ly  on K ik a ra , Mexico 142, Canadian Wonder, 

M asterp iece , Marathon and Prem ier bean v a r i e t i e s ;
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hence, the v a r i e t i e s  a re  h ig h ly  s u ita b le  h os ts  

o f  both  nematode sp ec ie s . Under optimum tem perature 

c o n d itio n s  f o r  rap id  developm ent o f  both s p e c ie s , 

a t  le a s t  3 gen era tion s  are p o s s ib le  on these bean 

v a r i e t i e s  in  any o f  the grow ing seasons in  East A fr ic a .
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C H A P T E R  6

COMPARATIVE HISTQPATHOLOGY OF SIX BEAN VARIETIES 

INFECTED WITH MELOIDOGYNE INCOGNITA AND M. JAVANICA

INTRODUCTION

In  the p rev iou s  s tu d ies  (Chapter 5 )»  i t  was 

shown th a t a l l  6 bean v a r i e t i e s  supported developm ent 

beyond the in f e c t i v e  la r v a l  s ta ge , o f  M, in c o g n ita  

(K o fo id  and W h ite, 1919) Chitwood, 19^9* and 

M. ja van ica  (T reub , 1885) Chitwood, 19^9* In vas ion  

o f  a s u s c e p t ib le  ro o t  by la r v a e  o f M eioidogyne spp. 

G o e ld i,  1887> u su a lly  causes major h is t o lo g ic a l  

changes in  p la n t  c e l l s  in  the v a c in it y  o f  the nematode. 

These h is t o lo g ic a l  changes in  ro o t  t is su es  o f  

su sce p tib le  p la n ts  brought about by the p resence o f 

d eve lop in g  ro o t-k n o t  nematodes have been d escrib ed  

by s e v e ra l in v e s t ig a to r s .  In  g e n e ra l, h is t o lo g ic a l  

changes in v o lv e  hypertrophy o f  the c o r te x , phloem 

and xylem parenchyma} h yp e rp la s ia  o f the p e r ic y c le  

and xylem parenchyma; fo rm ation  o f g ia n t c e l l s  w ith  

breakdown o f c e l l  w a lls } and the fo rm ation  o f  g a l ls

(C h r is t ie ,  1936; C r itten d en , 1958; Krusberg and 

N ie ls e n , 1958; B ird , 1962a; Hodges and T a y lo r , 1966; 

H eald , 1969; Baldw in and B arker, 1970; S id d iq u i and 

T a y lo r , 1970). Dropkin and Nelson ( i 960) s tu d ied  the
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h is t o lo g ic a l  responses o f  19 soybean (G ly c in e  max 

M err .) v a r i e t i e s  in fe c te d  w ith  M. in c o g n ita  in c o g n ita  

(K o fo id  and W h ite , 1919) Chitwood, 1949, and M. 

in c o g n ita  a c r i t a  Chitwood, 1949# G iant c e l l  development 

in  ro o ts  o f s u s c e p t ib le  v a r i e t i e s  began w ith  in ten se  

c e l lu la r  m u lt ip l ic a t io n , fo l lo w e d  by hypertrophy o f  

c e l l s  im m ed ia te ly  surrounding the head o f the in fe c t iv e  

la r v a . D is s o lu t io n  o f  the w a lls  o f  h ypertroph ied  c e l l s  

r e s u lte d  in  the development o f  s e v e ra l la r g e  

m u ltin u c lea te  c e l l s ,  termed g ia n t  c e l l s ;  n u c lea r 

d iv is io n  w ith in  g ia n t  c e l ls  was ra r e . These g ia n t 

c e l l s  a re  b e l ie v e d  to a r is e  in  response to  substances 

emanating from  the p a ra s ite * s  esophageal g lands and 

to p rov id e  nutrim ent fo r  the p a ra s ite .  B ird  (1962a) 

re p o r ted  that g ia n t  c e l l  developm ent and maintenance 

in  ro o ts  o f  dw arf bean ( Phaseolus v u lg a r is  L. va r .

Brown Beauty) in fe c te d  w ith  M. ja va n ic a , appear to 

depend on a continuous stim ulus from the nematode; 

p h ys ic a l rem oval o f the nematode re s u lte d  in  breakdown 

of* the g ia n t c e l l s .  A lthough the h is t o lo g ic a l  changes 

in  ro o t  t is s u e s  caused by root*-»knot nematodes have 

been d esc r ib ed  on many h osts , such as tomato 

( Lycopersicum  esculentum M i l l . ) ,  soybean, sw eetpotato  

( ipomoea b a ta ta s  Lam .), m aize ( Zea mays L . ) ,  c reep in g  

ben tgrass (A g r o s t is  p a lu s tr is  H u ds.), and wheat 

(T r it icu m  aestivum  L . ) ,  th e re  are no re p o r ts  on the

h is to p a th o lo g y  o f  beans in  a d d it io n  to B ird *s  work
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The purpose o f  th is  study was to  observe  and 

compare, the h is to p a th o lo g y  o f  6 bean v a r i e t i e s  

in fe c t e d  w ith  M. in co g n ita  and M. ja v a n ic a , a t 

d i f f e r e n t  time in te r v a ls  a f t e r  in o c u la t io n .

NON--INFECTED BEAN ROOT

F igu res  9 and 10 show, r e s p e c t iv e ly ,  a lo n g itu d in a l 

s e c tio n  o f  a n o n -in fe c ted  r o o t  o f  a Canadian Wonder 

bean p la n t 20 days a f t e r  germ in ation , and a tran sverse  

s e c t io n  o f  a n o n - in fe c te d  r o o t  o f  a Mexico 142 bean 

p la n t 30 days a f t e r  germ in ation . T y p ic a l d ico ty led on ou s 

r o o t  anatomy, in c lu d in g  ep iderm is, c o r te x , and s t e le ,  

i s  c le a r ly  seen.

POSITION OF THE NEMATODE IN RELATION TO ROOT TISSUES

Root s ec tio n s  o f a l l  6 bean v a r ie t ie s  observed 

10, 20, 30 and 40 days a f t e r  in o cu la t io n  showed that 

a f t e r  p e n e tra t io n , la rv a e  o f  M. in cogn ita  and 

M. ja va n ica  m igra ted  both  in t e r c e l lu la r ly  through 

the c o r te x , and in t r a c e l lu la r ly  to the s t e le  o f  the 

r o o t  (F ig .  11 ). Only the head o f  the la r v a  was 

in s e r te d  in to  the vascu la r system , the rem ain ing 

sausage—shaped p o r t io n  o f  the nematode was lo c a te d  in  

the c o r t ic a l  c e l l s  ad jacen t to  the s t e le  o f  the ro o t  

(F ig .  12, 13, 1 4 ).
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EPIDERMAL DAMAGE

A t 10 days a l t e r  in o c u la t io n , the la r v a e  caused 

s l ig h t  in ju r y  in  p en e tra tin g  the ep iderm is. However, 

ob serva tion s  made 20, 30 and 40 days a f t e r  in o cu la t io n  

showed that the passageway form ed by the la r v a e  had 

in creased  in  s i z e ;  the ep iderm al c e l l s  were co lla p sed  

form ing a c a v i t y  (F ig .  13, 14, 15).

CORTICAL DAMAGE

The 10-day samples showed that the la r v a e  caused 

s l ig h t  in ju r y  in  p en e tra tin g  the co rtex  and endodermis, 

but induced marked c o r t ic a l  changes a f t e r  perm anently 

e s ta b lis h in g  t h e i r  fe e d in g  p o s it io n s  in  the vascu la r 

system. Hypertrophy o f  the c o r t ic a l  parenchyma c e l l s  

was observed in  the area  im m ediately surrounding the 

la r v a  (F ig .  1 2 ). I t  would appear, in  such cases , that 

the presence o f  the p a ra s ite  suppressed m ito t ic  

a c t i v i t y  in  the a p ic a l meristem  and hence re ta rd ed  

o r  term inated growth. Much o f  the s w e llin g  and g a l l in g  

o f  the in fe c t e d  r o o ts ,  20, 30 and 40 days a f t e r  

in o c u la t io n , appeared to be caused by the in c rea se  in  

s iz e  o f  the mature fem ale nematodes and egg masses 

w ith in  the c o r t e x ;  the body o f  the nematodes and the 

egg masses caused con s id erab le  d is ru p tion  o f  the 

c o r t i c a l  c e l l s  (F ig .  13> 14, 15)•
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STELAR DAMAGE

In  ro o t  s ec tio n s  taken 10 days a f t e r  in o c u la t io n , 

i t  was observed  that the in f e c t i v e  la r v a  made i t s  way 

through the c o r t e x ,  endodermis and p e r ic y c le  to  the 

v i c in i t y  o f  th e  xylem c e l l s  (F ig .  12 ). Soon a f t e r  

the la r v a  perm anently e s ta b lish ed  i t s  fe e d in g  p o s it io n , 

i t  induced marked s t e la r  changes. C e l ls  o f  the 

p e r ic y c le ,  l y in g  near the path  o f  the la r v a ,  showed 

s l ig h t  h ypertrophy . Rapid p r o l i f e r a t io n  o f  p e r ic y c le  

c e l l s  in  the in fe c t e d  ro o t  caused sw e llin g s  o r g a l ls .

A conspicuous fe a tu re  o f  these sw o llen  t is s u e s  was 

the frequ ency  w ith  which la t e r a l  ro o ts  d eve loped  in  

the re g io n  o f  these g a l ls  (F ig .  16, 17)• In  th is  

in s tan ce , the presence o f the nematode seemed to 

s tim u la te  m ito t ic  a c t i v i t y  in  the p e r ic y c le ;  once 

c e l l  d iv is io n  was in i t ia t e d  i t  proceeded in  a more 

o r le s s  normal manner and l a t e r a l  ro o ts  were form ed. 

H yp erp las ia  o f  the phloem and xylem parenchyma c e l l s  

was observed in  the a rea  im m ediately surrounding the 

la r v a  (F ig .  1 2 ). Enlargement o f  a few  phloem and 

xylem  c e l l s  was observed about the la r v a l  head 

in d ic a t in g  the in i t i a t i o n  o f  g ia n t c e l l  fo rm a tion ; 

the h yp ertrop h ied  c e l ls  were in  d ir e c t  co n ta c t w ith  

the nem atode's head and p robab ly  rep resen ted  c e l l s  

in to  which s e c re t io n s  had been in je c te d  (F ig .  12).

R oot s ec tio n s  taken 20, 30 and kO days a f t e r  in o cu la t io n ,

showed th a t a f fe c t e d  phloem and xylem c e l l s  appeared
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to  be co a le s c ed , w ith  the s t e le  more or le s s  completely- 

transform ed in to  g ia n t c e l l s  (F ig .  13> 1 8 ).

F req u en tly , 2—3 nematodes were observed fe e d in g  in  

the vascu la r t is s u e s  in  c lo s e  p rox im ity , which re su lte d  

in  the fo rm a tion  o f  e x ten s iv e  g ia n t c e l l s  (F ig .  19, 20 ).

A type o f  t is su e  des ign a ted  "abnormal x y lem ", 

which i s  c h a ra c te r iz ed  by secondary w a ll th ick en in gs  

o f  annular, r e t i c u la t e ,  or p i t t e d  types , was observed 

a sso c ia ted  w ith  g ia n t c e l l s  a t  10 , 2 0 , 30 and 40 days 

a f t e r  in o c u la t io n  (F ig .  21, 22, 23 ) .  The c e l l s  o f  

th is  t is s u e  seemed to form  d i r e c t ly  from  xylem  

parenchyma and assumed the shape o f parenchyma c e l l s  

but w ith  no apparent in t e r c e l lu la r  spaces (F ig .  23 ) .

Th is  d i f f e r e n t ia t io n  response around g ia n t c e l l s  

occurred  in  the va scu la r t is s u e  and was most abundant 

around g ia n t  c e l l s  lo ca te d  in  xylem parenchyma 

(F ig .  22, 23 ) .  Abnormal xylem  c e l l s  were n o t absorbed 

by g ia n t c e l l s  and r e s t r ic t e d  th e ir  expansion.

GIANT CELLS

Ten days a f t e r  in o c u la t io n , g ia n t  c e l l s ,  3-10 

in  number, were p resen t around the head o f  the la r v a  

in  the phloem and xylem parenchyma c e l l s  in  a l l  6 bean 

v a r i e t i e s  (F ig .  12 ). However, g ia n t c e l l s  were 

o c c a s io n a lly  observed  in  the c o r te x  in  Mexico 142, 

Canadian Wonder, and Prem ier ro o ts  (F ig .  24, 25, 2 6 ).
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G ian t c e l l s  form ed in  the c o r te x  were u s u a lly  sm aller 

than those in  cam bial or v a scu la r  t is s u e s . The 

cytop lasm  o f the g ia n t c e l l s  was more g ran u la r and 

dense than th a t o f  the surrounding c e l l s .  G ian t c e l l s  

measured 2 2 -1 7 5  x 29-184^1, whereas the normal c e l l s  

in  that area  were 12—16 x 16—23 y  in  cross s e c t io n .

A range o f  1—19 n u c le i measuring 7—23 y  in  d iam eter 

were p resen t in  each g ia n t c e l l .  Each nucleus 

con ta in ed  1—2 n u c le o l i  measuring 2—7 y  in  d iam eter. 

A f t e r  20 days, secondary th ick en in g  o f  g ia n t  c e l l  

w a lls ,  i r r e g u la r  in  p a tte rn , was fr e q u e n t ly  observed ; 

the cytoplasm  o f  the g ia n t c e l l s  became h ig h ly  

gran u la r and dense (F ig .  2 7 ). G iant c e l l s  around 

the head o f  the nematodes in creased  in  number from 

3-10 to 6-20, as w e l l  as in  s iz e ,  and now measured 

55—189 x 97-262 y  in  cross s e c t io n . T h e ir  enlargem ent 

appeared to have re su lte d  from  the d is s o lu t io n  o f 

ad jacen t parenchyma c e l l  w a lls ,  and in co rp o ra t io n  o f  

the protoplasm  in to  the g ia n t  c e l l .  The g ia n t  c e l l s  

became h ig h ly  m u lt in u c lea te , the n u c le i were 

h yp ertrop h ied  and although s c a tte re d  throughout the 

cytop lasm , tended to be aggregated  somewhat toward 

the cen tre  o f  the g ia n t c e l l s  (F ig .  2 8 ). The n u c le i,  

1—28 in  number in  each g ia n t c e l l ,  measured 14—28 jj. 

in  d iam eter; each o f  th e ir  d e e p -s ta in in g  n u c le o l i  

w ere 5-9 y  in  d iam eter. A f t e r  30 days, no in crease  

in  the number o f  g ia n t c e l l s  or the s iz e  o f  n u c le i and

n u c le o l i  was observed , but th e re  was in c re a s e  in  s iz e
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o f  the g ia n t  c e l l s  tha t now measured 83-271 x  299-784 y. 
in  cross s e c t io n . The con ten t o f  the g ia n t  c e l l s  

d e te r io r a te d ; the cytoplasm  became h ig h ly  va cu o la te , 

and many g ia n t  c e l l  n u c le i degenerated  and th e ir  

con ten ts were d if fu s e d  in to  the cytoplasm  (F ig .  2 9 ).

Many g ia n t  c e l l s  were p a r t i a l l y  or com p le te ly  degenerated  

a f t e r  40 days; the g ia n t c e l l  cytoplasm , the n u c le i 

and n u c le o l i  d isappeared  (F ig .  30 )« N u clear d iv is io n  

was not observed  in  g ia n t c e l l s  in  any s e c t io n s  a t 

the va riou s  tim e in te r v a ls  a f t e r  in o c u la t io n .

DISCUSSION

The h is t o lo g ic a l  changes in  the ro o ts  o f  K ikara, 

Mexico 142, Canadian Wonder, M asterp iece, Marathon, 

and Prem ier bean v a r ie t ie s  in fe c te d  w ith  M. in cogn ita  

and M. ja v a n ic a  were s im ila r .  In  these com parative 

h is to p a th o lo g ic a l  s tu d ies , i t  has been shown that the 

a b i l i t y  o f  the 6 bean hosts to  support growth o f  the 

r o o t—knot nematodes depends on the h ost—c e l l  response 

to  the p resence o f  the p a ra s ite .  The s tu d ies  have 

g r e a t ly  emphasized the sequence o f h is t o lo g ic a l  

changes that occur in  ro o ts  o f  h igh ly  su sce p tib le  

h osts  fo l lo w in g  in fe c t io n  by these nematodes.

R esu lts  o f  the h is to p a th o lo g ic a l stu d ies  r e v e a le d  

e x te n s iv e  damage to the c o r t i c a l  and va scu la r  t is su e  

o f  r o o ts .  These s tu d ies  showed that both nematode 

sp ec ies  fe d  in  the vascu la r a rea  and caused the
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fo rm ation  o f  3—20 m u ltin u c lea te  g ia n t  c e l l s ,  around 

a s in g le  fem a le , surrounded by a th ickened secondary 

w a ll .  W hile most o f the g ia n t  c e l l s  were found in  

the vascu la r c y l in d e r  in  s i l l  6 bean v a r i e t i e s ,  g ia n t 

c e l l s  were a ls o  observed in  the c o r te x  o r between the 

p e r ic y c le  and endodermis in  Mexico 142, Canadian Wonder 

and Prem ier bean r o o ts ;  s im ila r  ob serva tion s  were 

re p o r ted  by C h r is t ie  (1936) on tomato.

The g en era l sequence o f  g ia n t c e l l  fo rm ation  under 

con d ition s  most fa vou rab le  f o r  ro o t—knot nematode 

developm ent, was s im ila r  to the sequence o u tlin ed  f o r  

o th er  s u s c e p t ib le  hosts such as tomato (C h r is t ie ,  1936); 

sweet po ta to  (K rusberg  and N ie ls e n , 1958); and soybean 

(D ropkin  and N e lson , 1960). During the f i r s t  10 to 20 

days a f t e r  in o c u la t io n , the g ia n t c e l l s  continued to 

invade ad ja cen t t is s u e s , c o a le s c in g  w ith  c e l l  contents 

a f t e r  the d is s o lu t io n  o f  c e l l  w a lls . This d id  not 

take p la ce  e q u a lly  in  a l l  d ir e c t io n s ;  t is su es  along 

the c e n tra l c y l in d e r  were e v id e n t ly  more su scep tib le  

than the l a t e r a l  parenchyma, as was a lso  observed 

in  tomato by C h r is t ie  (1 9 3 6 ). This author rep o rted  

th a t a t the b eg in n in g  o f  g ia n t  c e l l  fo rm a tion , i t  

i s  u su a lly  s e v e ra l ad jacen t members o f  a row  o f  

u n d if fe r e n t ia te d  c e l l s  in  the c e n tra l c y l in d e r  that 

f i r s t  co a le sce  through the d is s o lu t io n  o f  the 

sep ara tin g  c ro ss  w a lls .  Th is  same tendency p e rs is te d  

throughout the e a r ly  s tages o f  development w ith  the
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r e s u lt  that g ia n t  c e l l s  tend to extend lo n g itu d in a l ly  

a lon g the c e n tra l c y lin d e r  ra th e r  than l a t e r a l l y  in to  

the parenchyma. As the g ia n t  c e l l s  became o ld e r  th is  

in va s ion  o f t is s u e s  g ra d u a lly  lessen ed  u n t i l ,  a f t e r  

about 40 days, i t  appeared to  have la r g e ly  stopped, 

and the g ia n t c e l l  cytoplasm , n u c le i and n u c le o l i  

d isappeared . I t  appears th a t the d isappearance o f 

the g ia n t  c e l l  cytoplasm  was r e la te d  to the natu ra l 

a ge in g  and death  o f  the fem a le  nematodes. B ird  ( 1962a) 

re p o r te d , based on observa tion s  made on tomato and . t 

bean in fe c te d  w ith  M. ja v a n ic a , that g ian t c e l l  

developm ent and maintenance depends on a continuous 

stim ulus from  the nematode and that once th is  stimulus 

i s  removed the cytoplasm  o f  the g ian t c e l l  becomes 

va cu o la ted , breaks down and i s  even tu a lly  encroached 

upon by the stirrounding c e l l s  o f  the host. C h r is t ie  

(1936) w orking on tomato s im i la r ly  observed that g a l l  

and g ia n t  c e l l  development in  the ro o t  are brought 

about through the s tim u la tin g  a c tion  o f  some 

substances s e c re te d  through the mouth o f the p a ra s ite . 

The d is ru p tio n  o f  the s t e le  by g ian t c e l l s ,  p r o l i fe r a te d  

parenchyma c e l l s ,  and the p a ra s ite s  them selves 

caused the conducting t issu es  to be s c a t te re d , so 

th a t , in  cross s e c t io n , the phloem and xylem  occurred 

in  ir r e g u la r  patches ra th er  than in  one continuous 

column.

I t  appears th a t abnormal xylem was a sso c ia ted
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w ith  g ia n t  c e l l s }  these c e l l s  and/or the nematodes 

seemed to  in flu e n c e  abnormal xylem fo rm a tio n , 

developm ent o f  abnormal xylem  was m assive around 

g ia n t  c e l l s ,  and none was p resen t in  g ia n t  c e l l  

f r e e  t is s u e s . Th is suggested  that the fo rm ation

abnormal xylem  was ap p aren tly  s tim u la ted  by nematode 

fe e d in g ,  as i t  was not formed around o th er p o rtion s  

o f  a nematode body or egg mass. S im ila r  ob serva tion s  

have a ls o  been made by Krusberg and N ie ls en  (1958) on 

sweet po ta to  in fe c t e d  w ith  M. in co g n ita  a c r i t a . They 

suggested  tha t these c e l l s  a re  a lso  formed as a response 

to  in ju re d  xylem  parenchyma ra th e r  than b e in g  p ec u lia r  

to  nematode in fe c t io n s ,  as was a lso  rep o rted  by 

S id d iq u i and T a y lo r  (1970) on wheat ro o ts  in fe c te d  

w ith  M. n a a s i. The l a t t e r  authors noted th a t the 

c e l l s  serve  to  con ta in  the g ia n t  c e l l  development in  

a su sce p tib le  h os t.

Nuclear d iv is io n s  in  g ia n t  c e l l s  have been 

observed  in  va r io u s  ro o t«k n o t  nematode«->inf es ted  p lan ts 

(Sm ith and M ai, 1965 J L i t t r e l l ,  1966; S id d iqu i and 

T a y lo r , 1970). However, no nuclear d iv is io n  was 

observed in  g ia n t  c e l l s  in  th is  study in  any ro o ts  

o f  the bean v a r i e t i e s .  I t  i s  suggested th a t s ince the 

g ia n t  c e l l s  and the c e l l  w a lls  were d i f fu s e d  and the 

cytop lasm  appeared to be continuous, a t  l e a s t  u n t i l  

the 20th day, i t  i s  p o s s ib le  th a t the i n i t i a l

m u ltin u c lea te  c o n d it io n  in  th e  young g ia n t c e l l s
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r e s u lte d  from  the in co rp o ra t io n  o f n u c le i o f  

n eighbouring c e l l s ,  as was suggested  by s e v e r a l 

p rev iou s  in v e s t ig a to r s  (C h r is t ie ,  1936; D ropkin 

and Nelson , i 960) ,  Occurrence o f  m ito t ic  d iv is io n  

was observed in  ro o t  c e l l s  o f  okra in fe c t e d  w ith  

M. in co g n ita  a c r i t a  72 hours fo l lo w in g  in o c u la t io n  

and continued to be fr e q u e n t ly  observed u n t i l  a f t e r  

144 hours ( L i t t r e l l ,  1966), in  ro o t  c e l l s  o f  onion 

in fe c t e d  w ith  M. hapla 4 days a f t e r  in o c u la t io n  

u n t i l  a f t e r  14 days (Sm ith and Mai, 1965) and, in  

r o o t  c e l l s  o f  wheat in fe c te d  w ith  M. naasi 9 days a f t e r  

in o c u la t io n  u n t i l  a f t e r  12 days (S id d iq u i and T a y lo r , 

1970)« However, r e s u lts  o f  the u lt ra s tru e tu ra l stud ies 

re p o r ted  by Huang and M aggenti (1 969)> working on 

the h ost—p a ra s ite  r e la t io n s h ip s  between broad bean 

and M, ja v a n ic a , in d ica ted  th a t the m u ltin u c lea te  

c o n d it io n  was d e r iv ed  from repea ted  m itoses o f  the 

o r ig in a l  d ip lo id  c e l l s  w ithou t subsequent c y to k in e s is . 

I t  i s  p rob ab le , th e re fo re , th a t in  th is  study nuclear 

d iv is io n  in  g ia n t  c e l l s  was e ith e r  not o ccu rr in g  a t 

the time the t is s u e s  were k i l l e d  and f ix e d ,  o r d id  

not e x is t  in  the ro o t  c e l l s  o f  the bean v a r i e t i e s .  

Fu rth er in v e s t ig a t io n  i s  re q u ired  to e s ta b lis h  the 

p re c is e  nature o f  the m ito t ic  d iv is io n ,  i f  any,

in  beans
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C H A P T E R  7

GENERAL DISCUSSION

The resea rch  rep orted  in  th is  th e s is  was 

designed  to study c r i t i c a l l y  th ree  im portant 

aspects  o f  nematode in fe s t a t io n  o f beans ( Phaseolus 

vu- lga r is  L . ) in  Kenya. These werei the course o f 

in fe s ta t io n  and the subsequent development o f  the 

p a ra s ite  w ith in  the h ost; the re a c t io n  o f  the 

h ost to in fe c t io n ;  and crop lo s s  l i k e l y  to be 

encountered in  H ighland areas . These o b je c t iv e s  

have been ach ieved  in  the la b o ra to ry , greenhouse, 

and f i e l d ;  the r e s u lts  rep resen t the f i r s t  

d e ta i le d  s tu d ies  o f  the p a ras it ism  o f  ro o t—knot 

nematodes to be c a r r ie d  out in  East A fr ic a .

K ikara , M exico 142, Canadian Wonder, M asterp iece , 

Marathon and Prem ier bean v a r ie t i e s  were found to 

be h ig h ly  su scep tib le  to  M eloidogyne in co g n ita  

(K o fo id  and W h ite, 1919) Chitwood, 19^9, and 

M. ja va n ica  (T reu b , 1885) Chitwood, 19^9* The 

nematode la rv a e  were ab le  to p en e tra te  the bean 

r o o ts ,  deve lop  and reproduce ra p id ly .  The 

r e a c t io n  o f  the hosts to  the p a ra s ite s  was not 

a h y p e rs e n s it iv e  one as is  sometimes true o f  p lan ts  

r e s is ta n t  to sp e c ie s  o f  M eloidogyne G o e ld i, 1887

(s e e  la t e r  d iscu ss ion  on nematode c o n t r o l ) ;
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in s te a d , the r e a c t io n  o f  th e  h osts  was to  d e v e lo p  

g ia n t  c e l l s .

I t  was a ls o  found th a t under c o n d it io n s  o f  

h eavy  r o o t -k n o t  nematode in f e s t a t i o n  in  Kenya, 

y ie ld s  w ere d ep ressed  by 60$ .

In  o rd e r  to  a p p ra is e  th e s e  r e s u lt s  in  r e la t i o n  

to  those found e ls ew h e re , l i f e  h is t o r y ,  p e n e tr a t io n  

and fe e d in g  h a b it s ,  symptoms, h ost r e a c t io n ,  

d is e a s e  com plex , and c o n t r o l  o f  the s p e c ie s  o f  

r o o t —knot nem atodes, w i l l  now be rev iew ed  in  

g e n e r a l ,  w ith  i l l u s t r a t i o n s  o f  some p a r t ic u la r  

h o s t -p a r a s i t e  r e a c t io n s .

L IFE  HISTORY OF THE SPECIES OF ROOT-KNOT NEMATODE, 

MELOIDOGYNE.

A lth ou gh  d i f f e r e n t  s p e c ie s  o f  r o o t -k n o t  

nem atodes d i f f e r  from  one a n o th e r  in  t h e ir  h o s t -  

p a r a s i t e  r e la t io n s h ip s ,  and in  v a r io u s  p h y s io lo g ic a l  

and m o rp h o lo g ic a l c h a r a c t e r is t i c s ,  a l l  have 

s u b s t a n t ia l ly  th e  same l i f e  h is t o r y .

In  a fa v o u ra b le  h os t s e v e r a l  hundred eggs  

a r e  produced by  each fem a le . The maximum counted  

b y  T y le r  (1938 ) was 2 ,882 . She a ls o  e s t im a ted  th a t
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betw een  3 k  and 78 eggs cou ld  be la id  in  a day , 

th e  number depend ing on the h o s t  p la n t .  The 

. f ig u re s  a re  a v e ra g e s , the r a t e  o f  egg  p ro d u c tio n  

v a r y in g  g r e a t l y  a t  d i f f e r e n t  tim es in  the 6 weeks 

d u r in g  w hich  she made h er o b s e r v a t io n s .  I t  i s  

n o t  known w h ich  s p e c ie s  T y le r  had under 

o b s e r v a t io n .

Mature fem a le s  in  r o o ts  l a y  eggs in to  a 

g e la t in o u s  egg  sac , the s e c r e t io n  o f  6 la r g e  

r e c t a l  g lan d  c e l l s .  I f  the fem a le  i s  d e e p ly  

embedded in  th e  p la n t t is s u e ,  the egg sac may a ls o  

be embedded and the g e la t in o u s  m a tr ix  rem ains s o f t ,  

b u t i f  th e  egg  sac i s  exposed on the r o o t  s u r fa c e , 

th e  o u te r  m a tr ix  la y e r s  may d ry  and become tough, 

and sometimes c o lo u red  orange—brown. In  e i t h e r  

c a se  the eggs a re  p a r t i a l l y  p r o te c te d  a g a in s t  

d r y in g  and can s u rv iv e  in  s o i l  f o r  a p e r io d  th a t 

depends on tem p era tu re , m o is tu re , and on th e  

s p e c ie s  o f  th e  r o o t—knot nem atode. B ergeson  (1959) 

fou n d  th a t  eggs  and la r v a e  o f  M. in c o g n ita  a c r i t a  

C h itw ood , 1949 s u rv iv e d  f o r  o v e r  a y ea r  a t  10°C 

bu t th a t a t  10-16°C the s u r v iv a l  tim e was redu ced  

b y  h a l f ,  w h ile  a t  21°C some nematodes s u rv iv e d  

f o r  k months. A t  0—4°C , la r v a e  d ied  in  1—2 weeks. 

D au lton  and Nusbaum ( 19 6 1 ) r e p o r te d  th a t a t  a 

s o i l  tem pera tu re  o f  —2°C , eggs  o f  M, hap la

C h itw ood , 1949 can s u rv iv e  f o r  a lo n g e r  p e r io d  than
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those o f  M. ja v a n ic a .  The authors s ta ted  th a t 

a lthough  a lo n g e r  p er iod  i s  re q u ired  to k i l l  eggs 

of* these nematodes in  dry s o i l  than in  damp s o i l ,  

however, at 36° and 40°C, eggs o f  M. hapla are  

k i l l e d  more r a p id ly  in  dry s o i l  than eggs o f  

M. ja va n ic a ; eggs o f the form er are le s s  to le ra n t  

to  these h igh tem peratures than eggs o f  the la t t e r  

nematode.

Larvae hatch  from the eggs in  w ater. In  dry 

con d ition s  and in  so lu tion s  o f  h igh osm otic 

p ressu re , h atch in g  i s  in h ib it e d  though embryos 

continue to d ev e lop , Dropkin and M artin (1957) 

found that s o lu t io n s  o f  va r iou s  s a lts  and o f  

d ex tro se  at a molar con cen tra tion  eq u iva len t to 

a p o te n t ia l osm otic p ressure o f  15 atmospheres 

p reven ted  the emergence o f  la rv a e  from eggs o f  

M. a ren aria  (N e a l,  1889) Chitwood, 1949» and 

M, ja va n ica . Development o f  eggs o f  M. a ren a ria  

proceeded n orm a lly  in  0,3M NaC l, but the la r v a e  

remained m otion less  u n t i l  the eggs were 

tra n s fe r re d  to  w ater. Eggs o f  M« ja van ica  hatched 

a f t e r  in h ib it io n  by NaCl f o r  up to 150 days. The 

authors s ta ted  that the va lu e  f o r  com plete 

in h ib it io n  o f  la r v a l  emergence co in c id es  w ith  the 

m oisture s tre s s  that b r in gs  on permanent w i l t in g  

o f  p la n ts . Th is  response o f  nematode eggs to  

m oistu re s t r e s s ,  accord ing to  these au thors, is
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probab ly  an im portan t fa c t o r  in  the d is t r ib u t io n  

and i n f e c t i v i t y  o f  p la n t p a r a s it ic  nematodes.

A lthough la rv a e  hatch in  la r g e  numbers in  

w a ter, ro o t  d i f fu s a t e  (em anation or exudate from 

germ inating s e e d lin g  r o o ts ) from , f o r  example, 

tomato ( Lycopersicum  esculentum M i l l . ) a c ts  as a 

stim u lus. In  experim ents w ith  egg sacs o f  M. hap la , 

M. in cogn ita  a c r i t a ,  and M, ja v a n ic a , V ig l ie r c h io  

and Lownsbery (i9 6 0 ) re p o r ted  a s ig n i f ic a n t  

in c rea se  o f  15 —30% more la r v a e  in  tomato (v a r .  

R u tgers ) ro o t  d i f fu s a t e  than in  w ater, and the 

r a t e  o f  hatch ing was a lso  g r e a te r .  Loewenberg 

e t  a l .  ( i 960) found tha t la r v a e  o f M. in co g n ita  

in c o g n ita  (K o fo id  and W hite, 1919) Chitwood, 19^9» 

though not r e q u ir in g  a hatch ing fa c to r  to emerge, 

depend g r e a t ly  on the pH and m ineral com position  o f 

the environm ent. Accord ing to  these au thors, the 

optimum pH f o r  hatch ing o f the la rva e  o f th is  

nematode in  H e l l e r 1s n u tr ie n t  s o lu tio n  is  6#5*

The 1st—s ta ge  la r v a  m oults w ith in  the eggs 

(C h r is t ie  and Cobb, 19^1)- A ccord ing to T y le r  

( 1933b) developm ent from  egg—la y in g  to  hatch ing 

takes 9 days a t  27°C and 31 days a t 16.5°C . On 

h atch in g , an in f e c t i v e  2n d -s tage  la r v a  emerges from 

the egg sac, moves through the s o i l  and en te rs  a 

p la n t ro o t  u s u a lly  a t a p o in t in  the e lo n g a tin g
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Gundy e t  a l ,  (1967) d iscu ss in g  ageing and s ta rv a t io n  

in  la rva e  o f  M. Javanica found that the 2nd—stage 

la rva e  o f  th is  nematode wore m obile and in f e c t i v e  

f o r  up to 32 days jn  v i t r o  by which time body 

conten ts were exhausted. o f  la rva e  s to red  in

s o i l  in  the absence o f  food  su rv ived  and were 

in f e c t iv e  a f t e r  64 days. W ith in  a day o f p en e tra tion  

o f  the host, th ere  is  a rap id  lo s s  o f  m o b ility  

and in f e c t i v i t y ;  th is  i s  even more pronounced a f t e r  

2 days (B ird , 1967)* I f  the p lan t i s  a fa vou rab le  

h os t, as is  in  the case o f beans, a f t e r  p en e tra tio n , 

the la rv a  moves through the c o r te x  to the vascu la r 

system and l i e s  p a r a l le l  to the long ax is  o f  the 

r o o t  w ith  i t s  head in  the p e r ic y c le  la y e r  (F ig .  32 ). 

Feed ing begins and the nematode remains sedentary 

in  th is  p o s it io n  u n t i l  m atu rity .

The m a jo r ity  o f  nematodes grow in  a s e r ie s  o f  

s tep s  as they fe e d ,  grow and m oult. However, spec ies  

o f  Moloidogyne a re  p ecu lia r  in  th a t, a f t e r  en te r in g  

the p lan t and commencing to fe e d , they grow and 

in c rea se  con s id e ra b ly  in  s iz e  b e fo re  the onset o f  

m ou lting. A f t e r  m oulting the nematodes grow

ra p id ly  and in crease  in  s iz e .  B ird  (1959) found 

tha t growth o f M. ja va n ica  la rv a e  in  tomato was 

slow  a t f i r s t .  During the f i r s t  8 days o f

pa ras itism  the c r o s s -s e c t io n a l a rea  o f the la r v a
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o n ly  doubled, but in  the n ex t 5 days i t  t r e b le d .  

About the 14th day, the time o f  the 2nd m oult, 

the la rv a e  had th ickened and possessed the 

c h a r a c t e r is t ic  spiked t a i l  (F ig .  3 3 ), d i f f e r e n t ia -  

t in g  th is  s tage  o f  spec ies  o f  M eloidogyne from  

sp ec ies  o f  H eterodera  Schimdt, 1871. From the 

14th through the 19 th days th e re  was no in c rea se  

in  s iz e .  During the 2nd moult the a n te r io r  p a rt 

o f  the s t y l e t  (th e  h o llow  fe e d in g  s tru ctu re  o f  

s c le r o t iz e d  c u t ic le  lo ca te d  in  the buccal c a v i t y )  

was shed and the p o s te r io r  p a r t  resorbed ; the adu lt 

s t y l e t  was re form ed  a f t e r  the f i n a l  (4 th ) m oult.

The 3rd and 4th moults fo llo w e d  ra p id ly  w ith in  the 

m oulted c u t ic le  o f  the 2nd-stage la r v a . Under B ird*s 

tem perature (11—40°C) co n d itio n s  the p a r a s it ic  

m oults ( 2nd, 3rd , and 4 th ) occu rred  w ith in  3 days; 

by  the 19 th  day a l l  specimens were in  the f i n a l  

m oult or were a d u lts . Growth was ve ry  rap id  

between the 20th - 2 7 th days when egg sac form ation  

commenced, fo l lo w e d  2 days l a t e r  by egg la y in g , 

by which tim e the fem ales were almost a t  th e ir  

maximum s iz e  (F ig .  3 ^ )» From 30th—40th days the 

r a t e  o f  growth o f  the nematodes was s l ig h t ;  however, 

egg sac growth and ra te  o f  egg la y in g  in crea sed  

r a p id ly ,  the egg sac u su a lly  becoming b ig g e r  than 

the fem ale  which produced i t  (F ig .  35)•

W hile the fem a le  r o o t—knot nematode is  a
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seden tary  p a ra s it e  during larva_L developm ent and 

throughout i t s  e n t ir e  adu lt l i f e ,  the male i s  a 

seden tary  p a ra s ite  o n ly  du rin g i t s  la r v a l  

developm ent. When the male matures, i t  uses i t s  

s t y l e t  to  break  through the la r v a l  c u t ic le s  and 

r o o t  t is s u e  and so emerges in to  the s o i l .  The 

subsequent h is t o r y  o f the a d u lt male i s  not v e ry  

w e l l  known. M ales are sa id  to  l i v e  f r e e  in  the 

s o i l  and fr e q u e n t ly  are  found th ere , sometimes in  

q u ite  la r g e  numbers. They a re  a lso  found embedded 

in  egg masses a t  the p o s te r io r  ends o f  fem ales 

where they go, presumably, to  copu la te  (C h r is t ie ,  

1959). C h r is t ie  fu r th e r  s ta ted  that males have 

been found o c c a s io n a lly  w ith in  ro o ts , in c lu d in g  

those  o f  c e r ta in  r e s is ta n t  p la n ts  l ik e  c r o ta la r ia .  

D uring th e ir  p a r a s it ic  developm ent, males produce 

the same e f f e c t s  as fem ales on th e ir  hosts and w i l l  

s t im u la te  the developm ent o f  g a l l s  in  the same 

manner as fem a les . The on ly  d i f fe r e n c e  is  that 

the e f f e c t  o f  the male extends over a much sh o rte r  

p e r io d .

No one seems to have d escrib ed  r o o t—knot 

nematodes in  copu la . C opu la tion  may occur; however, 

i t  i s  not n ecessa ry  s in ce  parthenogenesis occurs 

in  these nematodes. T y le r  ( 1933a) found that 

rep rod u c tion  w ithou t males appears to be re g u la r  

and normal. One fa m ily  o f  the r o o t—knot nematode,
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r e fe r r e d  to then as H. m arion i (Cornu, 1879)

G-oodey, 1932, was c a r r ie d  through 12 gen era tion s  

in  the absence o f  males by rep ea ted  is o la t io n s ;  the 

fem a les la id  eggs and reproduced norm ally. In  any 

case when mature fem ales are com p le te ly  embedded 

in  the h ost t is s u e ,  as happens in  po ta to  (Solanum 

tuberosum L . ) ,  c a r r o t  ( Daucus ca ro ta  L . ) ,  and 

p la n ts  w ith  s im i la r ly  sw o llen  underground p a r ts ,  

i t  i s  v e ry  u n l ik e ly  tha t the males can reach  them. 

T r ia n ta p h y llou  (1962) d id  not observe fu s io n  o f  the 

sperm and egg p ro n u c le i in  M. ja v a n ic a , and 

f e r t i l i z a t i o n  d id  not occur even when sperm was 

p resen t in  the o ocy tes . He concluded that the main 

and, perhaps, th e  on ly  mode o f  reprodu ction  was by 

p a rth en ogen es is . Dropkin (1953) rea red  popu lations 

o f  M. in c o g n ita  a c r i t a , and M. a ren a ria  from s in g le  

la r v a  in fe c t io n s ,  thus dem onstrating parthenogenesis 

in  these s p e c ie s .

Under s t r e s s  con d ition s  such as overcrow d ing, 

fo o d  shortage, h igh  tem perature, or u n su itab le  

h os t p la n t, a h igh  percen tage o f  males and 

in te rs e x e s  is  produced. In  experim ents w ith  

M. in c o g n ita  and M. ja v a n ic a , T r ian tap h y llou  ( i 960) 

proposed an hypothes is  o f  sexu a l d i f f e r e n t ia t io n ,  

which was supplemented by D avide and T r ian tap h y llou  

( 19 68 ) .  A ccord in g  to these au th ors, under 

fa vo u ra b le  c o n d it io n s , la r v a l  development proceeds
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towards the p rodu ction  o f  a fem a le . Adverse 

c o n d itio n s  produce a m ascu liz in g  e f f e c t  on la rv a e  

which develop  in to  males w ith  one t e s t i s ,  males 

w ith  two t e s t e s , o r  in te r s e x e s , depending on the 

tim in g  o f  the adverse stim u lus. I f  i t  occurs b e fo re  

d i f f e r e n t ia t io n ,  sm all males w ith  a s in g le  t e s t i s  

a re  produced. I f  con d ition s  worsen a f t e r  

d i f f e r e n t ia t io n  has s ta r te d , sex  r e v e r s a l occurs 

and males w ith  two te s te s  or in te rs e x e s  r e s u lt .

The authors produced fem ale in te rs e x e s  (fem a les  w ith  

some male ch a ra c te rs  such as in com p le te ly  developed  

s p ic u le s ) from p la n ts  sprayed w ith  h igh  ra te s  o f 

m a le ic  h yd raz id e ; p a r t ia l  sex r e v e r s a l had occurred 

due to  adverse co n d itio n s  in  l a t e  development o f 

the fem ale la r v a e .

PENETRATION INTO ROOT CELLS, AND FEEDING HABITS OF 

ROOT—KNOT NEMATODES

P en e tra t io n  and fe e d in g  o f  ro o t-k n o t nematodes 

a re  c lo s e ly  l in k e d , f o r  both r e q u ir e  the in vas ion  

o f  the ou ter c e l l  la y e r  o f  the h ost. L in fo rd  (19^2) 

observed  the fe e d in g  o f  the 2nd—stage la r v a  o f  

H. m arion i (= M eloidogyne s p . ) b e fo re  and du ring 

p e n e tra t io n  in to  ro o ts  o f  le t tu c e  (Luctuca s a t iv a  L , ) .  

He found that a la r v a  may beg in  th ru s tin g  i t s  

s t y l e t  in te r m it to n t ly  soon a f t e r  i t  makes con ta c t 

w ith  the ep iderm al ro o t  c e l l s .  A f t e r  a u s u a lly
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prolonged  rep ea ted  s e r ie s  o f  s t y l e t  th ru sts  in  one 

p la c e , the s t y l e t  i s  f i n a l l y  in s e r te d  in to  the c e l l  

w ith  a s e r ie s  o f  3 or more v e r y  rap id  je rk s , the 

s t y l e t  not s l id in g  back between th ru s ts , and each 

one ca rry in g  i t  fa r th e r  fo rw ard  u n t i l  the maximum 

p o s s ib le  degree  o f  p ro tru s ion  i s  ach ieved . Once the 

s t y l e t  t ip  is  f u l l y  in s e r ted  in to  a c e l l ,  a l l  

p e r c e p t iv e  m otion o f  the nematode stops. However, 

a ccord in g  to L in fo rd ,  a f t e r  a p er iod  o f  15—30 

seconds o f  r e s t ,  the esophageal bulb beg ins a rap id  

and rhythmic p u lsa t io n  that may continue 10—40 

seconds. This rhythm ic p u lsa t io n  o f the esophageal 

bu lb  is  the mechanism w ith  which the nematode in je s t s  

i t s  fo od . As soon as a c t io n  o f  the bulb s top s , the 

la r v a  r e c t r a c ts  i t s  s t y le t  and e ith e r  im m ediately 

resumes th ru s tin g  in  approx im ate ly  the same p la c e , 

turns i t s  head to  a d i f f e r e n t  c e l l ,  o r moves to a 

d i f f e r e n t  p o s it io n  b e fo re  the n ext p er iod  o f  fe e d in g . 

A f t e r  an ep iderm al c e l l  has been fe d  in  one o r  more 

tim es and b a tte re d  by the innumerable s t y le t  thrusts 

du rin g  a p e r iod  o f  m inutes, i t s  w a ll may break, 

a llo w in g  the head o f  the nematode to s l ip  in  w h ile  

the d iso rga n ized  remains o f  the p ro to p la s t  f lo w  out 

in to  the w ater f i lm  on the r o o t  su rfa ce . The la rv a  

then commonly continues to p en e tra te  in to  the ro o t , 

fe e d in g  as i t  go es . Movement through the ep iderm is 

i s  h a lt in g  as though th ere  a re  p er iod s  when the la rv a  

fe e d s  on d i f f e r e n t  c e l l s .  The author observed
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la r v a e  advancing approx im ate ly  one c e l l  le n g th  or 

le s s|  and then ly in g  a t  r e s t  f o r  2 minutes o r  more 

b e fo r e  moving fa r th e r  in .  He po in ted  out th a t such 

h a lt in g  advance was observed w ith  la rv a e  p en e tra t in g  

a lm ost d i r e c t l y  in to  the meristem  through the s id e  

o f  the r o o t  cap and w ith  o th ers  en te r in g  the maturing 

zone. Other la r v a e  a lso  may be a t tra c te d  to  th is  

p o in t ,  where th ey  attem pt to invade the ro o t  toge th er 

(G od frey  and O l iv e ir a ,  1932; Peacock, 1959).

L in fo rd  fu r th e r  observed  th a t, a f t e r  the la r v a  has 

fo r c e d  i t s  head in to  a c e l l ,  i t s  fe e d in g  continues 

much as on the r o o t  su rface , p er iod s  o f  ra p id  

th ru s t in g  o f  the s t y le t  a lte rn a t in g  w ith  p er iod s  

o f  r e s t  and o f  sucking. The la r v a  a lso  uses i t s  

s t y l e t  both to b reak  through c e l l  w a lls  and to 

sep ara te  c e l l s  a lon g  the m iddle la m e lla . C e l ls  

a re  destroyed  c h i e f l y  by en try  o f  a nematode a f t e r  

th e  c e l l  has been fe d  in  and the c e l l  w a ll has 

subsequently been weakened by numerous s t y le t  

th ru s ts . The la r v a e  fe e d  p e r s is t e n t ly  during 

in t e r c e l lu la r  m ig ra tion  to t h e ir  permanent s i t e s .

L in fo rd  (1937 ) a lso  observed the fe e d in g  o f  the 

a d u lt fem ale o f  th is  r o o t—knot nematode both in  

n u tr ie n t  s o lu t io n  and in  s ec tio n s  o f l i v e  g a l l s  from 

r o o ts  o f pea (Pisum sativum L . ) .  He found th a t the 

fe e d in g  process in  the adu lt fem a le  was v e ry  s im ila r

to  th a t a lread y  d esc r ib ed  f o r  2nd—stage la r v a .  The
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fem a le  o b ta in s  i t s  fo o d  not by s e c r e t in g  s a l i v a  

in t o  in t e r c e l l u l a r  spaces and then suck ing up 

n u t r ie n t  su bstances exosmosed from  a d ja c en t g ia n t  

c e l l s ,  bu t r a th e r  by p e n e t r a t in g  c e l l s  w ith  i t s  

s le n d e r  s t y l e t  and fe e d in g  d i r e c t l y  from  t h e i r  

su bstance* W ith in  the r o o t ,  th e  a n te r io r  end o f  

th e  m ature fe m a le  becomes t i g h t l y  p ressed  a g a in s t  

th e  a d ja c e n t c e l l  w a l ls ;  a t  t h is  s ta g e , how ever, the 

head s t i l l  i s  moved f r e e l y  and through a w ide a n g le , 

p o in t in g  th e  s t y l e t  in  a l l  d i r e c t io n s .  L in fo r d  

r e p o r te d  a ls o  th a t  in  s o lu t io n ,  s a l iv a  com ing 

a p p a re n t ly  from  th e  d o rs a l esoph agea l g land  d u c t, 

was o b served  f lo w in g  outward from  the extrem e t ip  o f 

th e  p ro tru d ed  s t y l e t .  T h is  was seen o n ly  in  

nem atodes found w ith  the s t y l e t  f u l l y  p ro tru ded  

when removed from  the r o o t .  S a l iv a  f l o w  in to  a 

g ia n t  c e l l  was n o t  seen b u t, a c co rd in g  to  L in fo r d ,  

th e  p ro top lasm  o f  normal g ia n t  c e l l s  would obscu re 

i t  e x c ep t in  a m ost fa v o u ra b le  s i tu a t io n .  The 

u su a l pause a f t e r  p e n e tra t io n  o f  a c e l l  b e fo r e  

a c tu a l  fe e d in g  b e g in s ,  as in d ic a te d  by p u ls a t io n  o f  

th e  bu lb , su g g e s ts  th a t i t  occu rs  f r e q u e n t ly .  The 

au th or fu r th e r  o b se rved  th a t th e  lo n g e s t  p e r io d  o f  

con tinu ou s p u ls a t io n ,  s l i g h t l y  e x ceed in g  an h ou r, was 

i n s u f f i c i e n t  to  empty the c e l l  f e d  upon. By fe e d in g  

b r i e f l y  and in  i r r e g u la r  r o t a t io n  upon a l l  th e  

g ia n t  c e l l s  w ith in  rea ch  o f  i t s  m ob ile  head, th is

nematode a vo id s  d e s t r u c t io n  o f  c e l l s  and thus
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m ain ta in s, f o r  a lon g  p e r io d , an im m ediately 

a c c e s s ib le  and abundant food  supply, L in fo rd  

concluded th e r e fo r e ,  th a t, c l e a r ly  th is  nematode 

fe e d s ,  in  a l l  s ta ges , w ith  i t s  s t y le t  in s e r te d  in to  

c e l l s .

SYMPTOMS OF ROOT-KXOT NEMATODE INJURY TO PLANTS

On s u s c e p t ib le  host p la n ts , ro o t—knot nematodes 

cause severe  grow th  r e ta rd a t io n , c h a ra c te r is t ic  ro o t 

g a l l s ,  and s e v e ra l d isease  com plexes.

(a ) Above-ground symptoms. Above-ground 

symptoms are e s s e n t ia l ly  the same as those caused by 

any con d ition  th a t d ep rives  a p lan t o f  an adequate 

and p ro p e r ly  fu n c t io n in g  ro o t  system. These 

symptoms in c lu d e :

( i )  S tu n tin g  or reduced growth. S tun ting and 

s low  growth are common in  r o o t—knot nematode a ttacks 

and are o fte n  seen as patches in  a f i e l d .  S e in h orst 

and Sauer (1956) observed poor growth and s tu n tin g  

in  v in es ( V i t i s  s p . ) caused by M. javan ica  in  

A u s tra lia .  The young shoots remain sh ort, a ccord in g  

to  these au th ors, and, in  the case o f severe  damage, 

may be so sparse th a t the v in e  shows bare arms.

( i i )  D is c o lo u ra t io n  o f  f o l i a g e .  D ie—back  in
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p la n ts  accompanied sometimes by l e a f  c h lo r o s is  is  

in d ic a t iv e  o f a n u tr it io n a l d e f ic ie n c y  and, w ith  

ro o t-k n o t  nematode in fe s ta t io n s ,  the cause o ft e n  

l i e s  in  r o o t  d e s tru c t io n . Chitwood and B erger ( i 960) 

observed  low er stems, l e a f  c h lo r o s is ,  and even 

death  o f  the mature c o f fe e  (C o f fe a  a rab ica  L . ) 

p la n ts  in fe s t e d  w ith  M. ex igua G o e ld i, 1887 in  

Guatemala. The authors a lso  observed that the 

c h lo r o t ic  le a v e s  o f  the c o f fe e  seed lin gs  in  n u rser ies  

o f t e n  drop and the p lan ts  d ie .  D isco lo u ra tio n  may 

range from  l i g h t  y e llo w  to deep red , purple and even 

b la ck , and a t b e s t  th is  symptom can on ly  se rve  as 

a warning o f p o s s ib le  ro o t-k n o t nematode in fe s ta t io n .  

Zaumeyer and Thomas (1957) re p o r ted  tha t r o o t—knot 

d is ea se  o f  begins may be suspected when the p la n ts  

a re  pa le  and y e llo w is h , somewhat dwarfed, and have 

a tendency to w i l t  during the warmer pa rt o f  the 

day.

( i i i )  Stem and l e a f  g a l l s . Sometimes r o o t—knot 

nematodes cause g a l ls  in  above—ground parts o f  

p la n ts . S te in e r  e_t a l .  (193^) rep o rted  g ia n t  g a l ls  

on stems o f  some ornam entals, Thunbergia l a u r i f o l i a  

L in d l . ,  and T. g r a n d if lo r a  Roxb. caused by the 

r o o t—knot nematode, H. m arion i ( =M eloidogyne s p . ) .

The authors observed  tha t the g a l l —l ik e  masses o f  

t is s u e , o fte n  reach  a d iam eter o f  45^60 cm, and

may a t ta in  th is  degree o f  developm ent w ith in  a
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p e r io d  o f  a few  months to a y e a r . N e ith e r  o f  the 

Thunbergias seemed to s u ffe r  much from  these g a l l s ,  

excep t perhaps by a red u ction  in  the number o f  

f lo w e r s ;  o ld e r  g a l l s  soon decay and crumble. In  

a fr e s h  c o n d it io n  the g a l l  t is s u e ,  accord in g  to these 

au thors, i s  ex trem ely  tough, c o n s is t in g  m ain ly o f 

l i g n i f i e d  f ib r e s .  The g a l l  su rfa ce  i s  ve ry  rugose 

and o f  b la ck is h  co lou r , whereas the in t e r io r  has 

a waxy, y e llo w is h -w h ite  appearance. The authors 

fu r th e r  s ta ted  th a t the growth o f  these g a l ls  i s  due 

m ain ly  to a u to in fe c t io n , the progeny o f  the f i r s t  

and succeeding gen era tion s  o f  the p a ra s ite  rem ain ing 

w ith in  the p la n t . The f in a l  r e s u lt  i s  an enormous 

accum ulation o f  specimens o f  the p a ra s ite , which, 

a f t e r  the f i n a l  break-down o f  the host p la n t, w i l l  

in vade the surrounding s o i l .  Another p o in t o f  

in t e r e s t ,  as the authors p o in ted  out, i s  the fa c t  

th a t these g a l l s  u su a lly  are f u l l y  exposed to  the 

sun. S ince the le t h a l  tem perature p o in t o f  la r v a l  

r o o t—knot nematodes is  around 46—47°C, i t  would 

appear th a t a u to regu la tio n  by the host p lan t must 

keep down the tem perature o f  a t  le a s t  the f u l l y  

in su la ted  p o r t io n s  o f  the g a l l s ,  so tha t th is  le th a l  

i s  n ot reached. They suggested  that the rugose 

s tru c tu re  o f  the g a l ls  through in c rea se  o f the 

eva p o ra tin g  su rfa ce  may be fa vo u ra b le  to  such a

fu n c t io n
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L in fo rd  (1941 ) observed g a l l s  on stems and 

le a v e s  o f  va r iou s  p lan ts  caused by ro o t-k n o t 

nematodes. He found th a t in  l e a f  laminae and 

p e t io le s  o f  E m ilia  s o n c h ifo l ia  DC., numerous g a l ls  

d eve lop ed  w ith in  which nematodes came to m a tu rity  

and la id  eggs. In  lam inae, the p a ra s ite s  were 

d is t r ib u te d  on both  la r g e  and sm all ve in s  where they 

produced c h i e f l y  sm all, sim ple g a l ls .  On p e t io le s ,  

however, lon g  compound g a l ls  soon developed rugose 

su r fa c e s . In  the succu lent le a v e s  and stems o f  

P o r tu la ca  o le ra c e a  L . , the r e l a t i v e l y  few  nematodes 

th a t e s ta b lis h e d  caused so l i t t l e  g a l l  fo rm ation  

th a t when the f i r s t  gen era tion  egg masses were w e ll 

d eve lop ed , in fe c t e d  p a rts  were d is t in gu ish ed  on ly  

w ith  d i f f i c u l t y .  In  cowpea ( V igna s in en s is  E n d l.) 

le a v e s  in fe c te d  in  the bud w h ile  ve ry  young, g a l l in g  

was accompanied by d is t o r t io n ,  c r in k lin g ,  m ild  

m o tt lin g , v e in  c le a r in g ,  and o cca s io n a l en a tion s . 

Tomato le a v e s , and the stems o f  both tomato and 

cowpea, d eve lop ed  la r g e  g a l ls  under the in flu en c e  

o f  su ccess ive  gen era tion s  o f  p a ra s ite s .

M i l le r  and DiEdwardo (1962) observed l e a f  

g a l l s  on S id e ra s is  (= T rad esca n tia ) fu sca ta  Moore 

caused by a r o o t—knot nematode, M. in co g n ita  

in c o g n ita . They a lso  observed that g a l l s ,  u su a lly  

o ccu rr in g  a long the l e a f  v e in s  o r m id rib , con ta in ed

a d u lt  fem a les , v ia b le  eggs, and la rv a e
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(b ) Below—ground symptoms

( i )  Root g a l l s . S pec ies  o f  r o o t—knot nematodes 

form  c h a r a c te r is t ic  g a l ls  on the ro o ts  o f  h os t 

p la n ts . The kn o tted , sw o llen  and d is to r te d  r o o t  

system  is  u s u a lly  d ia gn o s tic  o f  Meloidogyne 

in fe s ta t io n s  and has earned them the name o f  r o o t -  

knot nematodes. The s iz e ,  number and shape o f  the 

g a l l s  va ry , however, f o r  d i f f e r e n t  spec ies  and fo r  

d i f f e r e n t  host p la n ts . Southey ( 1965 ) rep o rted  that 

most graminaceous p lan ts  f a i l  to  form g a l ls ,  except 

Pennisetum clandestinum  Hochst. in fe s te d  w ith  

M. k ikuyensis de G r is s e , i 960, and on legumes the 

g a l l s  are o fte n  v e r y  sm all. M. hapla causes sm all 

g a l l s  c h a ra c te r iz e d  by the developm ent o f l a t e r a l  

r o o ts  above and below  the g a l l s .  At h igh  

tem peratures, a cco rd in g  to Southey, nematodes develop  

r a p id ly  and, when mature, o ft e n  protrude on the ro o t 

su r fa c e  (F ig .  35) ,  Sa l ls  n o t be ing form ed.

The author s ta te d  that g a l ls  a re  not formed on 

B ra ss ica  spp. in fe s t e d  w ith  M. a r t i e l l i a  F ran k lin , 

1 9 6 1 , and the same i s  p robab ly  true f o r  o th er r o o t -  

knot nematodes th a t have so f a r  remained undetected  

because they do not cause g a l l  fo rm ation ,

Townsend and Ruehle (19^7) rep o rted  th a t the 

most n o t ic e a b le  symptom o f  r o o t—knot d isease  in  

beans is  the knots which are found on the r o o ts  o f
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a f f e c t e d  p la n t s .  These d i f f e r  from  th e  b a c t e r ia l  

n odu les  on bean r o o ts  in  th a t th e  s w e l l in g  in v o lv e s  

th e  e n t i r e  c ircu m fe ren ce  o f  th e  r o o t ,  w h ereas, the 

bean  nodu les  o ccu r as grow ths a tta ch ed  to th e  s id e  

o f  th e s m a lle r  r o o t l e t s .  The au thors ob served  th a t 

nem atode g a l l s  a ls o  occu r on th e  la r g e r  r o o t s  and 

even  on th e  underground p o r t io n  o f  the bean stem s. 

When the in f e s t a t i o n  o f  bean r o o t s  i s  heavy the 

e n t i r e  r o o t  may become one la r g e  g a l l }  the g a l l  on 

sm a ll r o o t l e t s  may e n la rg e  th e  r o o t  to  5 o r  10 tim es 

i t s  norm al d ia m e te r  (F ig .  4,6). These au thors  

fu r t h e r  o b se rv ed  th a t  r o o t -k n o t  g a l l s  appear to  be 

composed o f  n o rm a lly  h e a lth y  b u t overgrow n t is s u e s  

in  t h e i r  e a r ly  d eve lopm en t and may rea ch  c o n s id e ra b le  

s i z e  b e fo r e  th e re  i s  any e v id en ce  th a t the t is s u e s  

a r e  b rea k in g  down. Most g a l l s  become s o f t  and b eg in  

to  d is in t e g r a t e  b e fo r e  the bean p la n ts  d ie ;  o ld  

g a l l s  a re  brown and have the appearance o f  r o t t e n  

c o rk .  A cco rd in g  to  th ese  a u th o rs , the bean p la n ts  

may n o t show o th e r  symptoms i f  th e in fe c t io n  

o c cu rred  l a t e  in  th e grow th  o f  th e  c rop , or i f  the 

d eve lopm en t o f  th e  nematodes has been s low . Bean 

p la n ts  w hich  a re  s e v e r e ly  in f e c t e d  in  t h e i r  e a r l y  

g row th  become s tu n ted  and have fe w  branches (F i g .  5) • 

They may become c h lo r o t i c  o r may s im p ly  w i l t  and d ie .  

The d ea th  o f  the p la n ts  does n o t  occur u n t i l  th e 

g a l l e d  ro o ts  b e g in  to  b reak  down. Th is may be caused 

by  th e  a c t i v i t y  o f  o th e r  o rgan ism s, such as fu n g i
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i n f e c t i n g  the d is e a s e d  r o o ts  as much as by nem atodes.

E x c e s s iv e  r o o t  b ra n ch in g . G a lls  a re  not 

th e  o n ly  symptom o f  r o o t -k n o t  nematode in ju r y .  

C h r i s t i e  (1959) r e p o r te d  th a t r o o ts  o f  most p la n ts ,  

when in fe c t e d  w ith  M. h ap la , tend  to form  branches 

n ea r  the r e g io n  o f  in v a s io n  w h ich  may r e s u l t  in  a 

d en se , r e t i c u l a t e  typ e  o f  r o o t  system . Symptoms 

o f  in ju r y  by t h is  s p e c ie s  m igh t be c h a ra c te r iz e d  

as a com b in a tion  o f  g a l l s  and stubby r o o t .  In  

o th e r  w ords, i f  th e  branch r o o t l e t s  manage to  a t t a in  

a m oderate le n g th  b e fo r e  t h e i r  grow th  i s  s top p ed , the 

r e s u l t in g  r o o t  system  may be composed o f  numerous 

s h o r t  stubby b ranches o f t e n  a rran ged  in  c lu s t e r s .

The g a l l s  tend to  be sm a ll and lo c a te d  on th e sm a ll 

r o o t s .

( i i i )  In ju r e d  or d e v i t a l i z e d  r o o t  t i p s .

C h r is t ie  (1959) observed that f o r  a l l  the o th er r o o t -  

knot nematodes, o th er  than M. h ap la , tha t occur in  

the U n ited  S ta te s , in fe c te d  p la n ts  tend to have 

much few er sm all r o o t le t s  than normal, and symptoms 

m ight be c h a ra c te r iz e d  as a com bination o f g a l l s  

and coarse r o o t .  In  o th er words, i f  the growth o f 

l a t e r a l  ro o ts  i s  stopped ju s t as most o f  them are 

b reak in g  through the c o r te x  o r w h ile  they are v e ry

s h o r t , an open system  made up m ostly  o f  the main ro o ts
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l a r g e l y  d e v o id  o f  sm a ll b ranch  r o o t l e t s  may r e s u l t .  

The g a l l s  tend to  be la r g e  and to  in v o lv e  th e  main 

r o o t s .  The au th or a ls o  ob se rved  th a t c u r ly  t i p ,  

in ju r y  a t  the s id e  o f  a r o o t  c lo s e  to  the t i p ,  caused 

b y  r o o t —knot nem atodes, may r e t a r d  grow th  and 

e lo n g a t io n  on th a t  s id e  and r e s u l t  in  c u r l in g .

HOST REACTION CAUSED BY ROOT-KNOT NEMATODE FEEDING

Although n o t a l l  p lan ts  a ttack ed  by sp ec ie s  o f 

M elo idogyne d eve lop  pronounced g a l l s ,  K ikara , Mexico 

142, Canadian Wonder, M a s te rp iece , Marathon, and 

P rem ier bean v a r i e t i e s  in fe c t e d  w ith  M» in c o g n ita  

and M. ja va n ica  deve lop  pronounced g a l l s  (F ig .  4 ,6 ) ;  

the in te rn a l s tru c tu re  o f  the bean ro o ts  i s  a lso  

m o d ified  where the nematodes fe e d  (F ig .  36 ) .  In  

the h ost, la r v a  o f  the ro o t-k n o t  nematodes fe e d s  

on the c e l l s  o f  the vascu la r system ad jacen t to the 

head. These c e l l s  undergo a s e r ie s  o f  m o d ific a t io n s  

f i n a l l y  becoming the so c a l le d  ‘ g ia n t c e l l s * ,  which 

a re  many tim es the s iz e  o f  the o r ig in a l  c e l l  and 

bounded by i r r e g u la r ly  th ickened  w a lls . Jenkins 

and T ay lo r (1967) d e fin ed  a g ia n t  c e l l  as a term 

a p p lie d  to a h ost response in  which 40—60 ad ja cen t 

c e l l s  co a lesce  to  form  a m u lti—n u c lea te  mass o f  

p rotop lasm . The authors fu r th e r  s ta ted  that i t  i s  

a ls o  termed a syncytium  o r  lys igenom a.
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G iant c e l l s  d is ru p t the va scu la r system which 

i s  p robab ly  the main cause o f  the gen era l 

u n th r i f t in e s s ,  s tu n tin g , tendency to w i l t  and 

even death  o f  in fe c t e d  p la n ts . G iant c e l l  fo rm ation  

by  M. ja va n ic a  was a lso  d escr ib ed  by B ird  ( 1 9 6 1 ) .

He observed  th a t when a la r v a  o f  the nematode reaches 

a p o s it io n  where i t  can d eve lop , i t  beg ins to  fe e d  

in  turn on 5 o r  6 c e l l s  ad ja cen t to i t s  head. In  

about 4 days, th ese  c e l l s  d ev e lop  in to  g ia n t  c e l l s .  

Some c e l l  w a lls  break  down and the w a lls  surrounding 

such a group th ick en  and become the g ia n t c e l l  w a ll.  

The n u c le i thus en c losed  d iv id e  s e v e ra l tim es and 

n e igh bou rin g  c e l l s  c o a le s c e , adding more n u c le i  

u n t i l  a syncytium  r e s u lts  th a t encroaches on the 

surrounding va s c u la r  t is s u e  and con ta in s many n u c le i 

and a h ig h ly  g ran u la r protop lasm . The n u c le i s ta in  

s t r o n g ly  and have conspicuous n u c le o l i .  The w a lls  

o f  the g ia n t  c e l l s  become i r r e g u la r ly  th ick en ed , in  

p la c e s  5-10 tim es the normal th ick n ess , but f in e  

channels a llo w  cy top lasm ic  connections between 

ad ja cen t c e l l s .  G iant c e l l s  in  the s t e le  cause 

d is ru p t io n  o f  th e  xylem strands and i r r e g u la r  xylem 

elem ents o fte n  d eve lop . I f  the a tta ck  is  l i g h t ,  the 

p la n t  can compensate and the r o o ts ,  though g a l le d ,  

con tinu e to  grow, sometimes w ith  in creased  branch ing. 

A ccord in g  to B ird , r o o t—knot nematodes not o n ly  

s t im u la te  c o r t i c a l  h yp erp la s ia  but a lso  induce break

down o f  c e l l  w a l ls ,  m ito s is  and p ro te in  syn th es is .
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Tho stim ulus i s  thought to bo a grow th—promo t in g  

suhstanco, which the author found in  nematodes and 

g a l l s  but not in  a d ja cen t r o o t s f but ho d id  n o t 

c o n s id e r  h is  r e s u l t s  to  be c o n c lu s iv e *

B ird  (1962a) a lso  showed th a t g ia n t  c e l l s  r e q u ir e  

th e  rep ea ted  stim u lus o f  the fe e d in g  nematode f o r  

t h e i r  con tinued  e x is te n c e . When he k i l l e d  nomatodes 

in  ro o ts  w ith ou t d e s tro y in g  the r o o t s , the su rround ing 

g ia n t  c e l l s  c o lla p s e d .

G a ll  fo rm a tio n  on the ro o ts y  a sep a ra te  

phenomenon from  g ia n t  c e l l  fo rm a tio n , a cco rd in g  to  

D ropkin (1955) » i s  brought about by h ypertroph y  o f  

th e c o r t i c a l  t is s u e s  around th e  nematode and i t s  

fe e d in g  s i t e ,  and l a t e r  the c o r t i c a l  c e l l s  may 

d iv id e  and en la rg e  the g a l l .

ROOT-KNOT NEMATODES IN DISEASE COMPLEXES

R oot—knot nematodes have been shown to in t e r a c t  

w ith  o th e r  pathogens causing a d is ea se  com plex in  

which symptoms a re  worse than those produced by 

e i t h e r  pathogen a lo n e .

S ch in d le r  o_t a l .  (1 961) r e p o r te d  an experim en t 

where ca rn a tion s  ( D ianthus ca ryo p h y llu s  L . ) w ere 

in o c u la te d  w ith  th e  r o o t—knot nem atodes, M. h a p la .
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.i!* ^llcocn i ta, M. in cogn l ta a c r l  t a , M. a re n a r ia (

*!• ox on a r ia  thamosl Chitwood, Spocht, and M avis,

^952f and M. Javan lca i and w ith  the carnation  

Fusarium w i l t  fungus (F . oxysporum S ch leot. f  . 

d ian th i ( P r i l l ,  and D e l, )  Snyder and Hanson), Vhon 

Fusarium inoculum was app lied  1 week, 2 months, or 

5 months a f t e r  the ro o t—knot nematode in o cu la tion s , 

th ere  was a s y n e rg is t ic  in te ra c t io n  botwoen the two 

pathogens which g r e a t ly  in creased  the s e v e r it y  o f  the 

Fusarium w i l t  d is ease ; the carnations were more 

s e v e re ly  w ilte d  by the fungus in  the presence o f  the 

two organisms than the sum o f the damage due to the 

fungus and nematode a c tin g  a lon e .

Johnson and L i t t r e l l  ( 1969 ) conducted an 

experiment on the e f f e c t  o f  M. in c o g n ita , M. h ap la , 

and M. javan ica  on the s e v e r it y  o f  Fusarium w i l t  

(F . oxysporum) o f  chrysanthemum, C . m orifolium  Ram. ,

* Y e llow  Delaware* (F u sa r iu m -su scep tib le ), and 'W hite 

Iceb erg* (Fusarium—r e s is t a n t ) . They found tha t 

nematodes d id  not break Fusarium w i l t  re s is ta n c e  o f  

‘ W hite Ic e b e r g * ; however, w i l t  symptoms appeared 

e a r l i e r  and were more severe among 'Y e llo w  Delaware* 

p lan ts  in ocu la ted  w ith  M. ja van ica  and F . oxysporum 

than s im ila r  combinations o f the fungus and 

M. in cogn ita  or M. hapla or w ith  the fungus a lon e .

Thomason e_t a l .  (1959) ob served  th a t when
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p la n ts  o f  the w i l t - t o le r a n t  cowpea v a r ie t y  G rant 

were in ocu la ted  by d ipp ing  r o o ts  o f  s e ed lin g s  in  

a Fusarium, F . oxyspormn f .  tracheiph ilum  (E .F .S m .) 

Snyder and Hansen spore suspension, on ly  s l ig h t  

xylem  n ecros is  o f  the low er stem (Fusaurium w i l t  

va-1-u e ) occurred compared to a sevore  exp ress ion  o f 

the same symptom f o r  the su scep tib le  v a r ie t y  Chino 3 . 

However, when s o i l  was in fe s t e d  w ith  the Fusarium 

and the ro o t-k n o t nematode, M. ja v a n ic a , the 

Fusarium w i l t  va lu e  was h igh er on the to le ra n t  

G rant v a r ie t y  than on the su scep tib le  Chino 3 

v a r ie t y .

McGuire e t  a l . (1958) determ ined the e f f e c t  o f 

the ro o t-k n o t nematode s p e c ie s , M. h ap la , M. ja v a n ic a , 

M. in c o g n ita , M. a re n a r ia , and M. in cogn ita  a c r i t a , 

on the development o f  Fusarium w i l t ,  F. oxysporum 

f .  v a s in f ectum (A tk . ) Snyder and Hansen, in  the 

B u ffa lo  v a r ie t y  o f  a l f a l f a  (M edicago s a t iv a  L . ) .

They found that a t  the end o f 4 months the 

percen tage  o f p la n ts  in fe c te d  w ith  Fusarium w i l t  

in  each treatm ent was as fo l lo w s  i M. hapla and 

Fusarium , 95} M. ja va n ica  and Fusarium, 60;

M. in c o g n ita  and Fusarium, 50; M. a ren a ria  and 

Fusarium, 50; M. in c o g n ita  a c r i t a  and Fusarium, 10; 

Fusarium, 15; M elo idogyne spp. a lon e  and c o n t r o l ,  0. 

P ercen tage  o f  dead p lan ts  in  the above treatm ents was 

40, 5, 10, 4 , 0, 3 » 0, r e s p e c t iv e ly .  The number o f
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p la n ts  in fe c te d  w ith  Fusarium and the s e v e r i t y  o f  

in fe c t io n  were in  p rop ortion  to  the s e v e r i t y  o f  

ro o t-k n o t .

E f f e c t  o f  r o o t—knot nematodes} M. in c o g n ita t 

and M. ja van lca  on Fusarium w i l t ,  F. oxysporum f .  

pern ic iosum  (H ep tin g ) T oo le , o f  mimosa (A lb iz z ia  

ju l ib r i s s in  D u ra zz .) s eed lin gs  was in v e s t ig a te d  by 

G i l l  (195 8 ). He found that a g r e a te r  red u c tion  in  

th e  percen tage o f  seed lin gs  s u rv iv in g  occurred  in  

the s o i l  in fe s t e d  w ith  the com bination o f  Fusarium 

and e ith e r  M. in c o g n ita  o r M. ja van ica  than in  the 

s o i l  in fe s te d  w ith  Fusarium a lon e . P lan ts  in  r o o t -  

knot-nematode—i n f  ested  s o i l  d id  not e x h ib it  w i l t  

symptoms, w h ile  p lan ts  w i l t in g  in  s o i l  in fe s t e d  e ith e r  

w ith  Fusarium a lon e  or w ith  Fusarium plus r o o t—knot 

nematodes e x h ib ite d  ty p ic a l w i l t  symptoms in c lu d in g  

va scu la r  d is c o lo u ra t io n . He concluded that the 

p resence o f  the r o o t—knot nematodes, M. in c o g n ita  

and M. ja v a n ic a , th e re fo re , in creased  the in c id en ce  

o f  Fusarium w i l t  o f  mimosa s e e d lin g s .

P o r te r  and P o w e ll (1 967) in v e s t ig a te d  the 

in flu e n c e  o f  the r o o t—knot nematodes, M. in c o g n ita ,

M. a re n a r ia , and M. ja van ica  on ^usarium w i l t ,  F, 

oxysporum f .  n ic o t ia n a e  ( j .  Johnson) Snyder and 

Hansen, developm ent in  f lu e -c u re d  tobacco ( N ic o t ia n a

tabacum L . ) .  They found that in te ra c t io n s  between
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th e  r o o t -k n o t  nem atodes and Fusarium  were d i s t i n c t  

in  the to b a cco , and th a t s i g n i f i c a n t  in f e c t i o n  

o ccu rred  o n ly  when the nem atodes and fungus 

pathogens were b o th  p resen t* In t e r a c t io n s  w ere  

e v id e n t  in  b o th  the r e s is t a n t  (D ix ie  B r ig h t 1 0 1 ), 

and the s u s c e p t ib le  (N o rth  C a ro l in a  k 0 2 )  tobacco  

v a r i e t i e s .  The nematode s p e c ie s  d id  n o t d i f f e r  in  

t h e i r  a b i l i t y  to  enhance w i l t  developm ent. P la n ts  o f  

th e  Fusarium w i l t - s u s c e p t ib le  tobacco v a r i e t y ,  North  

C a ro l in a  402, became in fe c t e d  e a r l i e r  and to  a 

g r e a t e r  e x te n t  than those o f  th e  r e s is t a n t  tobacco  

v a r i e t y ,  D ix ie  B r ig h t  101.

Fusarium w i l t ,  F . oxysporum f .  vas in fectu rn  o f  

c o t to n  (Gossypium  hirsutum  L . )  i s  more seve re  in  the 

p resen ce  o f  M. in c o g n it a  and M. in c o g n ita  a c r i t a  than 

in  t h e ir  absen ce . M artin  e_t a l .  (1956) found th a t 

even  the w i l t —r e s is t a n t  c o t to n ,  Coker 100 w i l t ,  

became s e v e r e ly  w i l t e d  when in o c u la te d  w ith  th e  w i l t  

fu ngu s to g e th e r  w ith  e i th e r  M. in c o g n ita  or 

M. in c o g n ita  a c r i t a . The w i l t —s u s c e p t ib le  v a r i e t y  

D e lta p in e  15 was 27$ w il t e d  in  th e presence o f  

Fusarium  a lo n e  compared w ith  100$ when in o c u la te d  

w ith  r o o t—knot in  a d d it io n  to  Fusarium .

T a y lo r  and W y l l i e  (1959 ) in v e s t ig a t e d  th e 

in t e r r e la t io n s h ip  o f  r o o t—knot nem atodes and

R h iz o c to n ia  s o la n i  Kuhn on em ergence o f  soybean



(G ly c in e  max M e r r . ) .  They found that 3 weeks a f t e r  

P la n tin g , the average  emergence f o r  each treatm ent, 

expressed as a percen tage o f  the c o n tro l,  was as 

fo l lo w s :  M. ja va n ic a  a lon e, 98$} M. hapla a lon e ,

83$; R. s o la n i a lon e , 50$; M. ja van ica  plus R. 

s o la n i,  17$; and M. hapla p lus R. s o la n i, 2$.

Tu and Cheng (1971) conducted an experiment on 

the in te ra c t io n  o f  the ro o t-k n o t nematode, M. ja van ica  

and the fungus ( Macrophomina p h a seo li (M aub l.) Ashby) 

in  ro o t-k n o t o f  kenaf ( H ib iscus cannabinus L . ) .

They found that the in c id en ce  and s e v e r it y  o f  r o o t -  

knot caused by the fungus was in creased  in  

screenhouse-grown kenaf s eed lin g s  sim ultaneously 

in fe c te d  by the r o o t—knot nematode. In  seed lin gs  

in o cu la ted  a t 5> 10 and 15 days o f  age, r o o t - r o t  

le s io n s  in crea sed  70.3» 44.1 , and 21.8$, and 

nematode p e n e tra t io n  in creased  49.0 , 36.7> and 

12.3$ when both  the fungus and nematode were presen t.

A l f i e r i  and Stokes (1971) rep o rted  that the 

combined pa thogen ic  e f f e c t s  o f  the charcoa l r o t  

fungus (M. ph aseo lin a  (T a s s i)  G o ld .) and M. ja van ica  

w ere g re a te r  on p lan ts  o f  Ligustrum  japonicum L. 

than the independent e f f e c t s  o f  e ith e r .  L ea f 

c h lo ro s is  and a b s c is s io n , tw ig  d ie -b ack , s tu n tin g , 

red u c tion  and n e c ro s is  o f  r o o ts ,  and even tu a l plaint 

lo s s  were g r e a te r  on plaints in fe c t e d  w ith  both  pathogens.
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Sasser e t  a l . (1955 )» and Pow ell and Nusbaum 

(1960) in v e s t ig a te d  the b lack -sh an k -roo t-kn o t 

complex in  f lu e —cured tobacco. Sasser e t a l .  (1955) 

found that the tobacco p lan ts  in ocu la ted  w ith  the 

b la c k —shank fungus (caused by Phytophthora p a ra s it ic a  

D ast. va r. n ic o t ia n a e  ( b . de Haan) Tucker) in  the 

presence o f  the r o o t—knot nematodes, M. in co g n ita  

a c r i t a , M. in c o g n ita  and M. ja v a n ic a , developed  

b lack-shank symptoms e a r l ie r  and to a g re a te r  exten t 

than d id  p lan ts  grown in  s o i l  in fe s te d  w ith  o n ly  the 

b la ck —shank fungus. S im ila r ob serva tion s  were a lso  

re p o r te d  by P o w e ll and Nusbaum ( i 960) on the same 

fungus in  the presence o f  M. in c o g n ita  in c o g n ita , 

and M. in c o g n ita  a c r i t a . H is to p a th o lo g ica l 

ob serva tion s  made by the l a t t e r  authors fu r th e r  

in d ic a te d  that r o o t —knot nematode in fe c t io n  

p red isp oses  p la n ts  to  b lack-shank in vas ion , to  the 

e x te n t  that ro o ts  o f  black-shank—re s is ta n t  and 

—su sce p tib le  p la n ts  become a s u ita b le  su b stra te  fo r  

fungus developm ent. They s ta ted  that the fungus 

th r iv e d  on h y p e rp la s t ic  and h ypertroph ied  r o o t  

t is s u e ;  hyphae appeared to grow d i r e c t l y  in to  such 

r e g io n s , and c o lo n iz a t io n  was ra p id  and ex te n s iv e .

The mycelium th a t occupied g a l le d  t is su e  appeared 

ex trem ely  v ig o ro u s ; the hyphae were la rg e  and densely  

f i l l e d  w ith  protop lasm , and con ta in ed  conspicuous

n u c le i
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Stew art and S ch in d ler (1956) showed th a t the 

b a c t e r ia l  d isease  o f  ca rn a tion s caused by Pseudomonas 

c a r y o p h y ll i  Burk, was in creased  in  the presence o f 

the ro o t-k n o t nematodes, M. h a p la , M. ja v a n ic a , M. 

in c o g n ita  a c r i t a , M. a ren a r ia , and M. in c o g n ita .

A l l  5 r o o t—knot nematode sp ec ies  increased  the ra te  

o f  w i l t in g  in  the presence o f b a c te r ia ;  on ly  M. 

in c o g n ita  a c r i t a  had a s im ila r  e f f e c t  when no 

b a c te r ia  were p resen t. They cons idered  that 

m echanical wounding, a ls o , in creased  the r a te  o f 

w i l t in g  in  the presence o f b a c te r ia ,  but showed no 

e f f e c t  in  th e ir  absence.

NEMATODE CONTROL:

DISCOVERY OF D-D AND EDB AS SOIL FUMIGANTS

S o i l  fu m ig a t io n  w ith  v a r io u s  b io c id a l  ch em ica ls  

has been used f o r  many yea rs  to  c o n t r o l  v a r io u s  s o i l  

in h a b it in g  p e s ts .  F or exam ple, carbon d is u l f id e  

(C S2 ) was w id e ly  used in  F rance in  the 1860* s to  

c o n t r o l  r o o t  aph ids  ( P h y l lo x e r a  v i t i f o l i a c  F i t c h ,  

1856) on g ra p e s . I t s  use was d is co n tin u ed  

because o f  i t s  h ig h  d eg ree  o f  in f la m m a b il i t y .

D u rin g  th e  1920*s and 1930*s, c h lo r o p ic r in  (C C l^  

N02) was used w id e ly  in  the H aw aiian  Is la n d s  to  

c o n t r o l  nem atodes in  p in ea p p le  ( Ananas s a t iv u s

S c h l t . ) f i e l d s .  Although i t  was h ig h ly  e f f e c t i v e ,
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i t  was exp en s ive , c o r ro s iv e , i r r i t a t i n g  to the 

eyes and lu ngs, and i t  re q u ired  a s o i l  s ea l.

M ethyl bromide (commonly r e fe r r e d  to as MBr) was 

used in  the e a r ly  1940»s as a s o i l  fum igant, but i t s  

use i s  s t i l l  l im it e d  by i t s  h igh  cost and i t s  need 

f o r  a s o i l  s e a l.

Lower cost m a te r ia ls  that cou ld be ap p lied  on 

a la r g e  a rea  b a s is  were s t i l l  needed. The n em atic id a l 

e f f i c a c y  o f  a m ixtu re o f  1,3 -d ich loropropene and 

1 ,2—dich loropropane was d iscove red  in  1943, when 

C a r te r  (1943) an en tom olog ist o f  the Hawaiian 

P in eapp le  Research  In s t i tu t e ,  rep o rted  that th is  

m ixtu re, produced by the S h e ll Chemical C orporation , 

was a prom ising new s o i l  fum igant when ap p lied  at 

the ra te  o f  approx im ate ly  224.5 l i t r e s  per h ec ta re .

He s ta te d  th a t  th e  fum igan t n o t o n ly  c o n t r o l le d  

r o o t -k n o t  nem atodes in  p in ea p p le  f i e l d s ,  but a ls o  

c o n t r o l le d  d e s t r u c t iv e  la r v a e  o f  a b e e t le  (Anomala 

o r i e n t a l i s  W th ., 1920). The d is c o v e r y  o f  D—D, as 

i t  was named, marked the b e g in n in g  o f  the p resen t 

s o i l  fu m ig a t io n  in d u s tr y .  E xperim en ta l p lo ts  w ere 

soon e s ta b lis h e d  throughout the U n ited  S ta te s  by  the 

S h e l l  Chem ical C o rp o ra t io n , c o o p e ra t in g  w ith  f e d e r a l ,  

s t a t e ,  and p r iv a t e  a g e n c ie s . These e a r ly  

d em on stra tion s  w ere  so s u c c e s s fu l th a t w ith in

5 y e a r s  many thousands o f  a c res  had been t r e a te d  

and s o i l  fu m ig a t io n  was a c cep ted  as a s u c c e s s fu l and



p r o f i t a b le  p r a c t ic e  fo r  c o n tro l o f  nematode on 

many crops* In  1945, C h r is t ie  made p re lim in a ry  

experim ents w ith  e th y len e  d ibrom ide, a Dow Chemical 

Company product, and found i t  e f f e c t i v e  as a 

p rep la n t treatm ent in  c o n t r o l l in g  ro o t—knot nematodes 

on tomato. Xn the same year, the Dow Chemical 

Company in trodu ced  the chem ical as a su ccess fu l s o i l  

fum igant and made f i e l d —sca le  dem onstration p lo ts  

n ear Ventura, C a l i fo r n ia *  EDB, as i t  became known, 

n o t on ly  proved to  be e f f e c t i v e  aga in s t roo t-k n o t 

nematodes, but a ls o  gave rem arkable co n tro l o f  

wireworms (Lane and Stone, 1954). McBeth (1969) 

s ta te d  that du ring the past 20 yea rs , the amount 

o f  s o i l  fum igants used f o r  c o n t r o l l in g  p lan t 

nematodes has in crea sed  from alm ost noth ing to  more 

than 60 m il l io n  pounds each year* U n like o th er 

a g r ic u ltu r a l  p e s t ic id e s ,  there have been ve ry  few  

new nem aticides o f  commercial im portance in troduced 

s in ce  the advent o f  D-D type compounds and EDB; these 

compounds were the f i r s t  products to be used on a 

la r g e  sca le  to c o n tr o l p lan t nematodes and s t i l l  

command a major p a r t  o f the m arket. The two fum igants 

a re  s im ila r  in  th a t they are ha logenated  hydrocarbons, 

possess a m odera te ly  h igh  vapour p ressu re , a re  h igh ly  

p h y to to x ic , and a re  used e x te n s iv e ly  and su c c e s s fu lly  

as p re—p lan tin g  treatm ents f o r  annual crops.
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FACTORS AFFECTING SOIL FUMIGATION WITH D-D AND EDB

D-D and EDB are v o la t i l e  l iq u id  s o i l  f umig a n ts ; 

the chem icals a re  brought in to  con tact w ith  nematodes 

by gaseous d i f fu s io n .  The l iq u id  must v o l a t i l i z e  

and the gas d i f fu s e  through the s o i l  pore spaces , 

become d is s o lv e d  in  s o i l  m oisture in  concen tra tions 

h igh  enough to reach  le v e ls  to x ic  to nematodes, and 

then escape in to  the a i r .  S o i l  d i f fu s io n  i s ,  

however, a f fe c t e d  by many fa c to r s  in c lu d ing  s o i l  

tem perature, s o i l  m oistu re, s o i l  type, s o i l  

com paction, and the so rp tion  r e la t io n s h ip s  between 

the fum igant and the s o i l  components (McBeth, 1954).

McBeth (1954) s tre ssed  the e f f e c t  o f  temperature 

on d i f fu s io n  when he estim ated  th a t D—D (b o i l in g  

range about 50- 1 1 5 °C ) in  a sandy s o i l  d if fu s e s  15 cm 

in  le s s  than 24 hours a t s o i l  tem perature o f 24°C, 

whereas a t  7°C i t  takes 96 hours. He a lso  s ta te d  

th a t fo r  optimum re s u lts  s o i l  m oisture in  sandy 

loam or c la y  s o i l s  should not be more than 85$ nor 

le s s  than 50$ o f  f i e l d  c a p a c ity ; where s o i ls  have 

a m oisture e q u iva len t o f  25$ o r  more, the dosage o f 

fum igants must be in creased . Heavy c la y  s o i ls  are 

d i f f i c u l t  to  fu m iga te  owing to so rp tion  o f the 

fum igant on the v e r y  la r g e  a c t iv e  su rface  area  o f  

the s o i l  p a r t ic le s  and the b lo c k in g  o f pore spaces 

by s o i l  m oistu re. S o i l  should be in  seed bed
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c o n d it io n  Tor most e f f i c i e n t  n em atic id e  trea tm en t 

w ith  com paction a t  a minimum* fum igan ts aro sorbed 

more in  d ry  than in  m oist s o i l s .  Poat s o i l s  a ro  

n o t fa vo u ra b le  f o r  fu m iga tion  because o f  the h igh  l e v e l  

o f  s o rp t io n  on the o rgan ic  m a tte r . S ie g e l  e t  a l .

(1951 ) s tu d ied  the d i f fu s io n  p a tte rn s  o f  D—D and 

EDB u sing  s o rp t io n  isotherm s and r a d io a c t iv e  t r a c e r  

te ch n ic s  in  Brooks ton c la y  loam s o i l  c o n ta in in g  

7.8€ co o rgan ic  m a tte r , a w e l l—decomposed muck, and 

Wyoming b en to n ite  (m o n tm o r il lo n it ic  d a y ) .  Thoy 

found that the e x te n t  o f  d i f fu s io n  o f  tho compounds 

was ap p rox im a te ly  equal in  id e n t ic a l  s o i l s  a t  tho 

same m oistu re l e v e l .  D if fu s io n  was m ostly  l a t e r a l  

and downward, w ith  v e ry  l i t t l e  p en e tra t io n  in t o  the 

s o i l  above the p o in t  o f in je c t io n .  Optimum d i f fu s io n  

was ob ta in ed  w ith  the s o i l s  a t  tho m oistu re e q u iv a le n t  

o r  f i e l d  c a p a c ity  (th e  p ercen tage  o f  w ater rem ain ing  

in  the s o i l  2 o r  3 days a f t e r  b e in g  sa tu ra ted  and 

a f t e r  f r e e  d ra in age  has p r a c t i c a l l y  s top p ed ); 

w e t t in g  the s o i l  to  sa tu ra t io n  d ecreased  the e x te n t  

o f  v e r t i c a l  d i f fu s io n ,  and a i r  d ry in g  docroasod  

d i f fu s io n  in  a l l  d i r e c t io n s .  The two compounds were 

sorbod to about an equal e x te n t ;  s o rp t io n  was 

h ig h e s t  in  the muck, le s s  in  Wyoming b e n to n ite  c la y ,  

and le a s t  in  the B rookston  c la y  loam . The b e n to n ite  

c la y  was c o m p le te ly  desorbed by passage o f  a i r ,  but 

the muck and the B rookston  r e ta in e d  q u a n t it ie s  o f  the 

compounds th a t c ou ld  not be rem oved in  th is  manner.
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Wade ( 1954a) stu d ied  the so rp tio n  o f  EDB on 3 

d i f f e r e n t  s o i ls s  a sandy s o i l ,  s o i l  w ith  h igh  organ ic 

m a tte r, and a c la y  s o i l  w ith  10# o f  added sand.

He found tha t so rp t io n  o f  EDB by the s o i ls  was 

r a p id ;  most o f  the amount sorbed was taken up w ith in  

h a l f  an hour. Over the usual f i e l d  range o f  m oisture 

con ten ts , the amount o f  EDB h e ld  by the s o i l  remained 

constan t a lthough  there was an in crease  w ith  

in c re a s e  in  m oistu re con ten t, owing to so lu tio n  

o f  the fum igant in  the s o i l  w a te r. The amount o f 

EDB sorbed was p ro p o rt io n a l to  the organ ic carbon 

con ten t o f  the s o i l  and decreased  w ith  in crease  in  

tem perature. In  determ in ing the s t a b i l i t y  o f  EDB in  

s o i l ,  Wade (1954b) found that once EDB was 

in trod u ced  in to  s o i l s ,  i t  remained s ta b le  a t 

m oistu re con ten ts  in  the f i e l d  range o f  m oisture 

f o r  a t  le a s t  one week. Wade (1955) a lso  found that 

in  d ry  s o i ls  (an  organ ic  s o i l  and c la y )  below  the 

f i e l d  range o f m oisture con ten t, the s o rp t iv e  

c a p a c it ie s  decreased  w ith  in c rea s in g  hum idity.

C a l l  (1957a) a ls o  determ ined the so rp tion  o f  EDB 

bu t on 20 d i f f e r e n t  s o i ls  a t t h e ir  f i e l d  ca p a c ity .

In  a l l  the s o i l s ,  which ranged from  coarse sands 

through s i l t s  and c la ys  to heavy p ea ts , the so rp tion  

c o e f f i c i e n t  was c o r r e la te d  w ith  su rface  a rea , 

o rgan ic  m atter con ten t, m oistu re con ten t, and le s s  

c lo s e ly  w ith  c la y  con ten t. C a l l  ( 1957b) c a r r ie d
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out another study on d is t r ib u t io n  o f EDB vapour 

round an in je c t io n  p o in t under id e a l con d ition s  

o f  uniform  s o i l  p o ro s ity ,  s o i l  compaction, and 

constan t s o i l  tem perature. He concluded that 

d i f fu s io n  was the most im portant fa c to r  c o n t r o l l in g  

the d is t r ib u t io n  o f  EDB vapour in  s o i l .  Low 

con cen tra tion s  near the su rface  were caused by 

lo s s  o f  fum igant in to  the a i r .  The on ly  way to 

p reven t th is  was to  sea l the s o i l  su rface w ith  water 

o r  w ith  an im pervious c o v e r in g , or to decrease the 

p o r o s it y  by r o l l i n g .

METHODS OF APPLYING D-D AND EDB

S o il  fu m iga tion  w ith  D**D and EDB i s  an exactin g  

procedure that must be done p ro p e r ly  i f  s a t is fa c to r y  

r e s u lts  a re to be obta ined  (Tu rner and D ie te r ,  1955). 

Both these fum igants are ex trem ely  p h y to to x ic ; in  

o rd e r  to avo id  in ju r y  to crops , c a re fu l a t te n t io n  

must be g iv en  to  a e ra t in g  the s o i l  and a llow in g  an 

adequate time in t e r v a l  between a p p lic a t io n  and 

p la n tin g . C h r is t ie  (1959) l i s t e d  the fo l lo w in g  

con s id era tion s  r e la t in g  to a p p lic a t io n  o f  the 

com pounds:

(a ) B e fo re  ap p ly in g  D~D o r  EDB, the land  should 

be prepared to the con s is ten cy  o f  a good seedbed.
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I t  should, be smooth and reason ab ly  f r e e  o f lumps, 

c lo d s ,  and undecomposed crop re s id u es . Where cover 

crops or crop re s id u es  are  plowed under, they should 

be a llow ed  to decay . Heavy s o i l s  should be plowed, 

as d isk in g  a lone w i l l  not lo osen  them to  a s u f f ic ie n t  

dep th .

(b ) The s o i l  temperature 15 cm below  the su rface 

should be between 10° and 30°C , p re fe ra b ly  between 

21° and 27°C.

(c )  D-D o r  EDB is  not f u l l y  e f f e c t i v e  in  ve ry  

d ry  or v e r y  wet s o i l ;  f o r  b es t r e s u lts  in  most s o i ls  

the m oisture con ten t should approach but not exceed 

f i e l d  ca p a c ity .

(d ) A f t e r  the fum igant i s  a p p lied , h o le s , 

channels, o r fu rrow s l e f t  by the a p p lic a to r  should 

be f i l l e d  prom ptly and f i r m ly  and the land l e f t  

smooth and f irm  a t the su r fa c e . Operations 

n ecessary  to accom plish  th is  should be perform ed 

im m ed ia te ly  a f t e r  the fum igant i s  ap p lied . The land 

should remain und isturbed  f o r  one week, then i t  

should be d eep ly  and thorough ly d isked .

(e )  The tim e that must e la p se  between 

a p p lic a t io n  and p la n tin g  to a vo id  in ju r y  to the

crops depends on the r a te  a t which the fum igant was
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a p p lie d  and the k ind , tem perature, and co n d it io n  

o f  the s o i l .  The fumigants le a v e  the s o i l  q u ic k ly  

when the weather i s  hot and d ry  and may l in g e r  

te n a c io u s ly  when i t  is  co ld  and w et. S o ils  h igh  

in  o rgan ic  m atter are e s p e c ia l ly  d i f f i c u l t  to 

a e ra te .  When w eather and s o i l  con d ition s  are id e a l ,  

two to  th ree  weeks are u su a lly  adequate.

A p p lic a t io n  o f  the fum igants is  lab o riou s  and 

c o s t ly ;  to in je c t  sm all measured l iq u id  q u a n t it ie s  

o f  D—D or EDB in to  the s o i l  a t c lo s e ly  spaced 

in t e r v a ls  might seem, a t f i r s t  g lan ce , to be a 

co m p a ra tiv e ly  s im p le  op era tion , but i t  has proved 

to  be s u rp r is in g ly  d i f f i c u l t .  Much tim e, energy, 

and money has been spent in  d e v is in g , te s t in g ,  

p e r fe c t in g ,  and a d ju s tin g  a p p lic a t io n  equipment.

F o r  small*-»scale fum igant a p p lic a t io n , a hand gun 

a p p lic a to r  is  used e ith e r  fo r  a row or a broadcast 

( o v e r f a l l )  trea tm en t. The a p p lic a to r  resem bles an 

hypodermic s y r in ge  and a n eed le ; i t  con s is ts  o f  a 

lo n g , h o llow  "n e e d le " , and a p lu nger or t r ip  d e v ic e . 

The "n eed le "  i s  in s e r te d  in to  the s o i l  to the d es ired  

dep th , u su a lly  15 to 20 cm, and the p lunger pressed  

to  a c a lib ra te d  s top  to fo r c e  the l iq u id  in to  the 

s o i l .  For a row treatm ent, spac in g  the in je c t io n  

p o in ts  30 cm apart in  the row has become more o r 

le s s  standard p r a c t ic e .  For a b roadcast a p p lic a t io n ,

b e fo r e  trea tm en t, the s o i l  su rfa ce  is  u su a lly  marked
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o f f  in to  30 cm squares. The fum igant i s  a p p lied  

in  a. diamond p a tte rn  by marking in je c t io n s  a t the 

ju n c tio n s  o f  the cross in  the f i r s t  row and 

h a lfw ay  between the second row, a t the ju n c tion s  in  

the th ird  row, h a lfw ay  between in  the fo u rth  row 

and so on across the garden o r p lan t bed. For 

fu m iga tion  o f la r g e  a reas , va r iou s  types o f t r a c t o r -  

drawn or implement—mounted in je c t o r s ,  designed to 

d e l i v e r  a constant volume a t the c o r r e c t  depth , are 

a v a i la b le ,  and t h e i r  methods o f  a p p lic a t io n  a re  

d es c r ib ed  in  d e t a i l  by Good ( 1969 )*

Except f o r  p la n t beds and in  s itu a tio n s  where 

th e  h igh es t p o s s ib le  degree o f  c o n tro l i s  d e s ire d , 

C h r is t ie  (1959) re p o r ted  that the usual procedure is  

to  app ly  the fum igants a t low  to  moderate r a te s ,  ju st 

enough to g iv e  one crop s u f f i c ie n t  p ro te c t io n  to 

p reven t seriou s red u ction s  in  y ie ld s .  For broadcast 

a p p lic a t io n s  under most c o n d it io n s , th is  means 224.5 

to  280,8 l i t r e s  per h ecta re  o f  D—D, 168.5 to 224.5 

l i t r e s  per h ec ta re  o f  a 40$ EDB fum igant or 50.6 

to  67.4 l i t r e s  p er  h ecta re  o f  an 85$ EDB fum igant. 

Row fum igation  r e q u ir e s  about h a l f  or le s s  the 

normal broadcast r a t e ,  depending on row spacing.

HOW D-D AND EDB K ILL NEMATODES

P en e tra tio n  o f  nematodes by chem icals i s  a
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n ecessa ry  p r e r e q u is ite  o f  the p h y s io lo g ic a l re a c tio n s  

a s so c ia ted  w ith  death* However, the p re c is e  manner 

in  which s o i l  fum igants such as D~D and EDB k i l l  

nematodes has n o t been determ ined* Nematodes are 

r e s is t a n t  to  most s o i l  fu m igan ts } th e ir  re s is ta n c e  

i s  due, in  pa rt a t  le a s t ,  to the im p erm eab ility  o f  

the c u t ic le  and the p r o te c t iv e  co ve r in g  o f the egg. 

B ird  (1958) id e n t i f i e d  15 amino acids in  the c u t ic le  

o f  M. hapla and M. ja v a n ic a ; he suggested th a t the 

chem ical r e a c t io n  o f  the c u t ic le  in d ica ted  the presence 

o f  c o lla g e n  as w e l l  as ph en o lic  compounds and 

po lyph en o l ox id a se . B ird  and Rogers (1965) d e fin ed  

th ree  d is t in c t  c u t ic le  la y e rs  o f  M. ja va n ic a : outer 

c o r t e x ,  in n er c o r te x  and f ib r e  la y e r s . Accord ing 

to  Chitwood (1952) the c u t ic le  o f  a nematode i s  

composed o f  a com plex o f  s e v e ra l p ro te in s , in c lu d in g  

c o lla g e n s , f ib r o id s ,  e la s to id s ,  k e ra to id s , and, in  

some cases a t l e a s t ,  l i p i d  m a te r ia l.  He p o in ted  

out that the egg s h e l l  proper i s  a c h it in o id  and is  

r e l a t i v e l y  perm eable to w a ter, gases and chem icals, 

a lthough  a mucoid co ve r in g  opposes d ry in g  out and 

the p en e tra tio n  o f  chem icals such as f a t  s o lv e n ts .

The v i t e l l i n e  membrane, in s id e  the egg s h e l l ,  

composed o f  a waxy m a te r ia l ch em ica lly  r e la t e d  to 

beeswax p rov id es  a fu r th e r  b a r r ie r  to the p en e tra tio n  

o f  chem icals in to  the egg. The egg has no n a tu ra l 

openings which may be the reason  why th is  i s  the 

s ta ge  in  the l i f e  c y c le  that tends to be the most
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r e s is ta n t  to  chem ica ls . I t  appears, th e r e fo r e ,  best 

to  assume tha t the s o i l  fum igants en ter the nematodes 

through the n a tu ra l openings o f  the body such as mouth, 

anus, and vu lva . Chitwood (1952) suggested th a t 

the halogenated  hydrocarbons in c lu d in g  D-D and EDB 

k i l l  nematodes b y  p r e c ip it a t in g  p ro te in s , b lo ck in g  

n erve  endings and by d es tro y in g  nerve sheaths and 

c e l lu la r  membranes.

ECONOMIC LIMITATIONS OF SOIL FUMIGATION, AND SUGGESTED 

CONTROL MEASURES OF ROOT-KNOT NEMATODE ON BEANS IN 

KENYA

W hile s o i l  fu m iga tion  w ith  D—D or EDB can 

c o n tr o l r o o t—knot nematodes w ith  s ig n i f ic a n t  bean 

seed y ie ld  in c rea ses  (Chapter 3 ) »  th is  c o n tro l 

method cannot be recommended in  Kenya. For 

e f f e c t i v e  and continuous c o n tro l o f  r o o t—knot 

nematode w ith  s o i l  fu m iga tion , the procedure has 

to  be repea ted  s e a s o n a lly ; the fum igants are v e ry  

expen sive  and the cash va lu e o f  the beans is  

r e l a t i v e l y  low . A t p resen t, c o s ts  o f the s o i l  

fum igants to c o n t r o l  r o o t—knot nematodes r e s t r i c t  

t h e ir  use to  crops having h igh  cash va lu e such as 

c o t to n , tobacco , tea  (C am ellia  s in en s is  L . ) ,  c o f fe e ,  

p in ea p p le , e t c . ; these crops and o thers may be 

a lm ost w h o lly  dependent upon s o i l  fu m iga tion . For 

example, i t  i s  estim ated  that the nematodes which
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s u rv iv e  pre—p lan t and. post—p lan t treatm ents 

c o n tr ib u te  to the 5# lo s s  in  p in eapp les (S p e c ia l 

P u b lic a t io n  No.1 o f  the S o c ie ty  o f  N em a to log is ts , 

1971)» The S o c ie ty  a lso  rep o rted  that a t  p resen t, 

annual estim ates o f  t o ta l  U.S. n em atic ide cos ts  are 

/60 m il l io n  fo r  0 .6  m il l io n  h ec ta res  (average  = &86 
per h a ) ; they p o in ted  out that th is  is  l i k e l y  to 

in c rea se  w ith  im proved methods f o r  estim atin g  lo s s e s  

in  a w ider range o f  crops. The fu tu re  m ethod(s) to 

be used in  Kenya to c o n tro l r o o t—knot nematodes on 

beans w i l l ,  th e r e fo r e ,  have to depend upon non- 

chem ical c o n tr o l p r a c t ic e s ,  th a t i s ,  crop r o ta t io n  

and/or breed ing o r  s e le c t in g  f o r  to le ra n t  or 

r e s is ta n t  crop v a r i e t i e s .  The use o f these non- 

chem ical c o n tro l measures too a re  not w ithout 

l im it a t io n s .

A lthough crop  ro ta t io n  is  one o f the o ld e s t  

methods o f c o n t r o l l in g  nematodes, i t s  use in  

c o n t r o l l in g  r o o t—knot nematodes i s  com plicated by 

many fa c to r s  among which are* the wide host range 

o f  the ro o t—knot nematodes, and the ex is ten ce  o f 

d i f f e r e n t  sp e c ie s  and o f  s tra in s  w ith in  sp ec ies  

th a t e x h ib it  d i f f e r e n t  host p re fe ren ces  (A l le n ,

1952; M artin , 1954; Sasser and Nusbaum, 1955; 

C o lb ran , 1958; D ropkin , 1959; R ig g s  and W instead, 

1959; Goplen at a l . , 1959; T r ia n ta p h y llou  and

S asser , i 960 ; M ic h e ll and T a y lo r , 1972). Jenkins
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and T ay lo r (1 967) suggested th a t the f  

c r i t e r i a  should be met f o r  r o ta t io n s  t 

e f f e c t i v e j

(a )  The nematode p opu la tion  must 

to  damage the prim ary crop or be poten 

damaging.

(b ) Complete knowledge o f  the n« 

ran ge , in c lu d in g  weeds, must be known, 

re q u ire s  e x te n s iv e  te s t in g  o f  the loc£ 

a ga in s t p o t e n t ia l  hosts .

(c )  The nematode p op u la tion  mus 

a p p rec ia b ly  reduced by the r o ta t io n  si 

prim ary crop  can be econ om ica lly  prod

(d ) The crop  or crops to  be inc 

r o ta t io n  must be adapted to the pract 

grower and e a s i ly  m arketable.

The authors a lso  s ta ted  th a t i f  

co n d itio n s  are m et, crop r o ta t io n  can 

su ccess fu l method o f  c o n tr o l,  and i f  

used in  the r o t a t io n  produce an incor 

to  the s u s c e p t ib le  p la n t, r o ta t io n  is 

than chem ical c o n tr o l s in ce  th e re  is

m a te r ia ls
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R o ta tion s  with, non-host p la n ts  to c o n tro l 

r o o t —knot nematodes have been attem pted by s e v e ra l 

w orkers. In  Rhodesia , Daulton (1964) and M itc h e ll  

e t  a l . (1971) rep o rted  that 4 years  o f  a non- 

s u s c e p t ib le  grass preced ing tobacco and potato  

r e s p e c t iv e ly ,  reduced popu la tions o f  M. ja va n ica  to 

low  le v e ls  and in creased  y ie ld  and q u a lity ;  the 

g ra sses  they recommended were E ra g ro s t is  cu rvu la  

N ees. va r. Ermelo, C h lo r is  gayana Kunth. va r. 

Katambora, and Panicum maximum Jacq. v a r . S ab i. 

Navarro and B a rr iga  (1970) re p o r ted  th a t, in  Colombia, 

r o o t —knot nematode in fe s ta t io n s  in  tomato and begin 

f i e l d s  were co n s id e ra b ly  reduced in  ro ta t io n  w ith  

e i t h e r  C r o ta la r ia  s p e c ta b il is  Roth , or Tagetes 

m inuta L. Numbers o f  nematodes were g r e a t ly  reduced 

a f t e r  Tagetes and, to  a le s s e r  ex ten t, a f t e r  

C r o t a la r ia ; the l a t t e r  i s  a more accep tab le  crop  

because o f  i t s  use as green manure. Aya la  (1971) 

re p o r te d  th a t, in  Puerto R ico , 12 months r o ta t io n  

w ith  Pan go la -grass  (D ig i t a r ia  decumbens S te n t . )  

c o n t r o l le d  M. in c o g n ita  on p in eap p le . In  In d ia ,  

Chandwani and Reddy (1971) conducted a pot experim ent 

to  s e le c t  non—h osts  o f M. .javan ica fo r  use in  the 

crop  ro ta t io n  programme fo r  c o n t r o l l in g  r o o t—knot 

d isease  o f  tobacco. The fo l lo w in g  6 p lan t sp ec ies  

were found to be non—s u s c e p t ib le j Cuminum cyminum 

L . , G a i l la r d ia  p ic t a  Gray, Gomphrena g lobosa  L . ,

P h lox  drummondii Hook., S e ta r ia  i t a l i c a  B eau v.,
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and Z in n ia  l in e a r is  L.

The main problem  in  Kenya as regards crop 

r o ta t io n  system, i s  that farm ers and peasants want 

a fo o d  or cash c rop , and are o n ly  w i l l in g  to in c lu de  

such a crop in  a r o ta t io n . For in s tan ce , a fa rm er 

o r a peasant who grows beans i s  w i l l in g  to in c lu d e  

p o ta to e s , p in eap p les , maize ( Zea mays L . ) ,  and 

tom atoes in  h is  r o ta t io n .  I f  such a crop is  found 

and a mixed p opu la tion  o f  the ro o t-k n o t nematodes,

M. in c o g n ita  and M. ja van ica  occu rred , the crop  

m ight not be a non-host to  both  nematode sp ec ie s .

Any o f  the above crops, except m aize, i s  a s u ita b le  

h os t to  both  nematode p a ra s ite s ;  the crops are 

th e re fo r e  u n su itab le  in  a r o ta t io n  in  th is  cou ntry  

because the p a ra s ite s  w i l l  in f e c t  the ro o ts  o r tubers 

o f  these crops and reproduce f r e e l y .  I t  is  w ith  

g r e a t  d i f f i c u l t y  th a t farm ers and peasants can be 

persuaded to  in c lu d e  any o f  the non—host p lan t 

s p e c ie s  in  th e ir  r o ta t io n s ,  s in c e  none o f  them i s  a 

fo o d  crop nor has a cash va lu e . A crop r o ta t io n  

programme in  Kenya, th e re fo re , must be a ccep tab le  to 

the farm ers or peasants and non—host crops must be 

w orth  grow ing. Van der Linde (1956) rep o rted  s im ila r  

exp erien ces  in  South A fr ic a  where farm ers were 

r e lu c ta n t  to  grow E. curvu la o r  £ .  s p e c ta b il is  in  

a r o ta t io n  to c o n t r o l  M. ja v a n ic a , M. a ren a r ia  

tham esi, M. h ap la , and M. in c o g n ita  a c r it a  on tobacco,
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even  though the land was h e a v ily  in fe s te d  w ith  

the ro o t-k n o t  nematodes.

Non—su sce p tib le  economic c rop s , some o f which 

cou ld  be u t i l i z e d  in  a r o ta t io n  programme in  th is  

cou n try  have, however, been recommended elsew here. 

R e s u lts  o f  the greenhouse and f i e l d  s tu d ies conducted 

in  the U n ited  S ta tes  by A lle n  _et a l .  (1970) u s in g  

crop  r o ta t io n  to c o n tro l M. naasi F ran k lin , 1965, 

showed that grow ing non-host c rop s , oat (Avena 

s a t iv a  L . ) ,  onion (A lliu m  cepa L . ) ,  and potato  f o r  

one season p r io r  to p la n tin g  b a r le y  (Hordium vu lga re  

L . ) , g r e a t ly  in creased  y ie ld s .  The best y ie ld s  

were ob ta in ed  when potato  was grown fo r  two seasons 

p reced in g  b a r le y . This r o t a t io n a l  cropping system , 

how ever, cannot be a p p lied  in  Kenya because o f  the 

fo l lo w in g  reason s. Po tatoes in  th is  country sure 

h ig h ly  s u s c e p t ib le , as was re p o r ted  e a r l ie r  in  the 

p reced in g  paragraph, to M. in c o g n ita  and M. ja v a n ic a , 

the predominant r o o t—knot nematode spec ies  found 

in fe s t in g  the bean areas . Onion, a ls o , has been 

shown to c a rry  through a t le a s t  two gen era tion s o f 

these r o o t—knot nematode sp ec ies  (Lew is e_t a l .  ,

1958). R o ta tio n  w ith  o a t, b a r le y  and beans w i l l  

not be p r a c t ic a l  e i th e r ,  s in ce  these crops a re  not 

grown s u c c e s s fu lly  under the same c lim a t ic  co n d it io n s . 

Oat and b a r le y  a re  grown a t h igh er  and c o o le r  areas 

( 2 ,0 0 0  m a l t i tu d e ,  and above) w ith  heavy r a in f a l l
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( 1 ,2 7 0  nun mean annual, and o v e r ) ,  whereas beans 

th r iv e  b e t te r  a t low er and warmer areas ( 1,5 0 0  m 

a l t i tu d e ,  and be low ) w ith  moderate r a in f a l l  (980 mm 

mean annual, and lo w e r ).  In  Ghana, Peacock (1957) 

w ork ing on the com parative development on su scep tib le  

and r e s is ta n t  h os t sp ec ies  to r o o t—knot nematodes, 

showed that groundnut ( A rach is hypogaea L . ) and 

cowpea (v a r . Machakos) were h ig h ly  r e s is ta n t  to  

a t ta c k  by the r o o t—knot nematode, M. in co g n ita  

a c r i t a j  no la r v a  was observed to  ga in  en try  in to  the 

r o o ts  o f  these c rop s . A lthough these crops were 

found to be r e s is t a n t  to M. in c o g n ita  a c r ita  in  

Ghana, a com plete knowledge o f  the host range, 

in c lu d in g  weeds, o f  M. in c o g n ita  and M. ja van ica  in  

Kenya, w i l l  have to  be known b e fo r e  d e f in i t e  

recommendations f o r  a s p e c i f ic  cropp ing system 

u t i l i z i n g  these crops can be recommended. I t  has 

been shown that h os t s p e c i f i c i t y  f o r  spec ies  o f  

M elo idogyne, i s  e s s e n t ia l ly  a problem which i s  

determ ined by the sp ec ies  and ra ces  o f the nematodes 

p resen t; i t  fo l lo w s ,  th e re fo re ,  tha t a crop r o ta t io n  

system  a lso  be based on lo c a l  in fo rm a tion . A 

t y p ic a l  example o f  popu la tions w ith in  a sp ec ies  

p ossess in g  host p re fe ren c es  i s  th a t o f M. ja v a n ic a , 

which Sasser (1954) observed producing g a l ls  on 

tomato (L . peruvianum M i l l . )  in  Maryland, U .S .A . 5 

y e t  Sauer and G i le s  (1957) in  A u s tra lia  found that 

th is  nematode f a i l e d  to produce g a l ls  on the tomato
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Pl-an 'fc i-n the f i e l d ,  thereby d i f f e r in g  from  the M. 

ja va n ic a  pop u la tion  studied  by Sasser# The freq u en t 

occu rrence o f  mixed popu lations o f  M. in c o g n ita  and 

M. ja va n ica  in  th is  country cou ld  a lso  com p lica te  

developm ent o f  s a t is fa c to r y  r o ta t io n s .  An example 

o f  th is  was observed by Thorne (1 961) who rep o rted  

th a t an area  in  C a l i fo r n ia ,  U. S .A . occurred in  which 

th e re  was a mixed popu la tion  o f  M. in cogn ita  a c r i t a  

and M. a ren a r ia . A f t e r  th ree y ea rs , a l f a l f a  had to 

be ploughed because o f  damage o f  M. a ren a r ia . This 

was fo llo w e d  by c o tto n  f o r  two yea rs , during which 

the p opu la tion  o f  M. in co g n ita  a c r it a  in c rea sed , and 

the f i e l d  was then sown again  w ith  a l f a l f a .

The use o f crop  v a r ie t ie s  r e s is ta n t  to r o o t—knot 

nematode a tta ck  o f f e r s  another prom ising method o f 

c o n t r o l o f  the sp e c ie s  o f  M eloidogyne on beans in  

Kenya. C h r is t ie  (1959) d e fin ed  re s is ta n c e  as that 

q u a l i t y  in  a p la n t that makes i t  an u n su itab le  host. 

Rohde (1965) d e fin ed  re s is ta n c e  in  p lan ts to 

nematodes as a s e t  o f  c h a ra c te r is t ic s  o f  the h ost 

p la n t  which act more or le s s  to  the detrim ent o f  the 

p a ra s ite .  He p o in ted  out that th is  may range from  

mere f a i lu r e  o f  the host to be a s u ita b le  fo o d  supply 

through p rodu ction  o f  tox in s  th a t k i l l  the en te r in g  

p a ra s ite .  The author noted th a t re s is ta n ce  i s  

v a r ia b le ,  ran g in g  from s l ig h t  to  com plete, i s  measured 

in  terms o f  a b i l i t y  o f the p a ra s ite  to s u rv iv e , and
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i s  n o t always d i r e c t l y  r e la te d  to  p lan t growth. A 

s u s c e p t ib le  p lan t may support la r g e  numbers o f  

nematodes w ithou t showing much in ju r y ,  whereas a 

r e s is ta n t  p lan t may be s e v e re ly  in ju red  r e a c t in g  to 

an in va d in g  pathogen which does n ot su rv ive . Some 

r e s is ta n t  p lan ts  a re  en tered  o r fe d  upon by few  

nematodes, even when exposed to con d ition s  fa vo u r in g  

heavy in fe c t io n ,  whereas o th er r e s is ta n t  p lan ts  are 

as h e a v i ly  invaded  as su sce p tib le  p la n ts . Nematode 

developm ent is  g e n e r a l ly  s low er in  re s is ta n t  

v a r ie t i e s  than in  su scep tib le  and few , i f  any, fem ale 

nematodes reach  m a tu rity . In  g e n e ra l, r e s is ta n c e  

shows up a f t e r  in fe c t io n  and i s  most o ften  based on 

f a i lu r e  o f the h os t to  respond to  nematode s ec re tio n s  

in  a manner fa vo u ra b le  to  nematode development.

H ost*»parasite  in te ra c t io n s  in  p lan ts r e s is ta n t  

to ro o t-k n o t nematodes may in c lu d e  one or more o f 

the fo l lo w in g  c h a r a c te r is t ic s :

and

(a )  la c k  o f  r o o t  a t t r a c t io n ,

(b ) reduced la r v a l  p en e tra t io n ,

(c )  f a i lu r e  o f  host response to the p a ra s ite ,

(d ) h yp e rsen tiv e  t is su e  r e a c t io n s .

( a ) Lack o f  r o o t  a t t r a c t io n . W ieser (1955) working 

on the e f f e c t  o f  tomato s e e d lin g s  and exc ised  ro o ts  

on M. hapla showed that a t tr a c t iv e n e s s  o f  ro o ts  to
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grow th  and degree o f  maturation o f  the ro o t .  The 

a p ic a l 2 mm (r o o t  cap and m eristem atic  r e g io n ) o f  

e x c is e d  ro o t  t ip s  appeared to be r e p e l le n t  to the 

nematode, w h ile  the next 6 mm (r e g io n  o f  e lo n g a tio n ) 

was a t t r a c t iv e .  He assumed tha t th is  d i f fe r e n c e  

was connected w ith  the d i f f e r e n t  anatomy and 

p h ys io lo gy  o f  these two p o r t io n s . The rem aining 

p o r t io n  o f the r o o t ,  up to 16 mm behind the r o o t  apex, 

was e ith e r  n eu tra l or s l i g h t ly  r e p e l le n t  to the 

nematode. W ieser (1956) a lso  in v e s t ig a te d  the e f f e c t  

o f  exc ised  d is t a l  p o rtion s  o f the roo ts  o f  bean 

(v a r .  P in t o ) ,  eggp lan t ( Solanum melongena L. v a r , 

B lack  B eau ty ), and soybean (v a r .  Bansei) on la rv a e  

o f  M. h ap la . He found that the d is t a l  ro o t  p o rt io n s  

o f  bean (1 — 16 mm in  len g th , measured from the apex 

o f  r o o t )  had a r e p e l le n t  e f f e c t  on the nematode, 

whereas the d is t a l  ro o t  p o rtion s  o f eggplant and 

soybean showed a random v a r ia t io n  o f  th e ir  e f f e c t ,  

some o f  the ro o ts  be in g  a t t r a c t iv e ,  some r e p e l le n t ,  

and some n e u tra l. He in te rp re te d  the e f f e c t  o f  the 

r o o ts  on the nematodes as the r e s u l t  o f an in te r p la y  

between a r e p e l le n t  and an a t t r a c t iv e  agen t, the 

l a t t e r  b e in g  p resen t in  the l i v i n g  p lan t and the 

fo rm er p o s s ib ly  coming in to  p la y  w ith  the decay or 

chem ical breakdown o f  the r o o t .  Peacock (1959) 

in v e s t ig a te d  the re s is ta n c e  o f  L . peruvianum to  M. 

in c o g n ita . He found that la rv a e  o f  th is  nematode
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a l i t t l e  le s s  s t ro n g ly  than they were to ro o ts  o f  

s u s c e p t ib le  tomato (L . esculentum ) ; the la rva e  a lso  

p en e tra ted  L . peruvianutn ro o t  t ip s  in  le s s e r  numbers. 

The la rv a e  deve loped  in  the r e s is ta n t  ro o ts  a t  a 

s low er ra te  than in  the s u s c e p t ib le . In  some 

r e s is ta n t  ro o ts  th e re  was l i t t l e  o r no development 

o f  the la rva e  and no s w e llin g ; in  the sw e llin gs  

which d id  occur th e re  was no more than one d eve lop in g  

fem a le  as compared w ith  up to 8 in  the sw e llin g s  on 

ro o ts  o f  L . esculentum .

(b )  Reduced la r v a l  p e n e tra t io n . Dean and S tru b le  

( 19 5 3 ) in v e s t ig a te d  the r e s is ta n c e  and s u s c e p t ib i l i t y  

to ro o t-k n o t  nematode, M. in c o g n ita  in  tomato. They 

found that ro o t  systems o f  r e s is ta n t  L. peruvianum 

and L. peruvianum hybrid  were invaded by few er 

la r v a e ,  u su a lly  h a l f  or le s s ,  than those o f 

s u s c e p t ib le  M arglobe tomato. Nematodes en te r in g  

r e s is ta n t  ro o ts  produced e x te n s iv e  n ecros is  o f

h ost t is su e  w ith in  48 hours. Two weeks a f t e r  

in o c u la t io n  most o f  the in va d in g  la rva e  had d ie d .

No la rv a e  in  a r e s is ta n t  ro o t  e v e r  developed as fa r  

as the second m o lt.

( c ) F a ilu re  o f  h os t response to  the p a ra s it e . Host 

r e a c t io n  i s  n ecessa ry  f o r  con tinued  development o f 

sp e c ie s  o f  M elo idogyne. The p resence o f  the
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p a ra s ite  may induce the host to produce compounds 

which a c t iv a te  enzymes o f the p a ra s ite  which in  

tu rn  break down h ost compounds, thus, lea d in g  to  the 

p rodu ction  o f  an environment s u ita b le  f o r  development 

o f  the p a ra s ite . This is  c le a r ly  demonstrated by 

the work o f  Barrons (1939 ), C h r is t ie  (1949 ), and 

Dropkin and Nelson  ( i 960) who showed that production  

o f  g ia n t  c e l l s  was necessary f o r  the development o f  

ro o t-k n o t  nematode fem a les . Dropkin and Nelson ( i 960) ,  

u s in g  19 d i f f e r e n t  v a r ie t ie s  o f  soybean exposed to 

M. in c o g n ita  in c o g n ita , and M. in c o g n ita  a c r it a ,  

found that the same stim ulus e x e rted  by a la rv a  w i l l  

produce g ia n t  c e l l s  in  one host and invoke n ec ro s is  

in  another. The authors c la s s i f i e d  the host 

r e a c t io n  in to  4 typ e s : Type 1 r e f e r s  to a 

h y p e rs e n s it iv e  r e a c t io n  in  which c e l l s  im m ediately 

around the la r v a  d ie ,  and no fu r th e r  development 

occu rs . Type 2 c e l l s  undergo moderate c e l l  fu s io n  

and d is p la y  unusually  g rea t numbers o f c e l l  

in c lu s io n s  o f  va r iou s  form s. Type 3 c e l l s  are v e ry  

la r g e ,  w ith  many n u c le i,  and w ith  a d i f fu s e ,  h ig h ly  

vacu o la ted  cytop lasm . Type 4 c e l l s  co n s is t o f  la r g e ,  

th ic k —w a lled  m u ltin u c lea te  u n its  w ith  dense cytoplasm  

and few  c e l l  in c lu s io n s . Type 1 , 2  and 3 c e l l s  are 

always a sso c ia ted  w ith  p o o r ly  deve loped  p a ra s ite s  w ith  

few  eggs, whereas type 4 c e l l s  a re  a ssoc ia ted  w ith  

ra p id  p a ra s ite  grow th  and abundant egg p rodu ction .
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Peacock (1959) lis ted , the fo l lo w in g  5 ways in  

which an unknown chem ical in  a p la n t may be 

re s p o n s ib le  fo r  r e s is ta n c e  o f the p lan t to  r o o t—knot 

nematode a tta ck :

1 * By masking the a t tr a c ta n t  substance in  the 

r o o t ,  o r by a c t i v e ly  r e p e l l in g  the nematode.

2. By k i l l i n g  the nematode on en try , or 

r e ta rd in g  i t s  developm ent.

3. By n e u tr a lis in g  the e f f e c t  o f nematode 

s a l iv a  on g ia n t—c e l l  fo rm ation .

4. By changing the com position  o f the c e l l -  

w a l l ,  so th a t nematode s a l iv a  i s  no lon ger e f f e c t i v e ,  

or the c e l l —w a ll i s  im penetrab le to the nematode 

s t y l e t .

5. By u p s e tt in g  the sex—r a t io  o f the nematode, 

e i th e r  p h y s io lo g ic a l ly  or by e lim in a t in g  the fem a les ,

A h igh p ro p o rt io n  o f  males has o fte n  been shown 

to be a c h a r a c t e r is t ic  o f  ro o t—knot nematode 

p opu la tion s  o f r e s is ta n t  p lan t v a r ie t ie s  

(T r ia n ta p h y llo u , i 960) .  Th is appears to be an 

e f f e c t  ra th e r  than a cause o f r e s is ta n c e ,  but i t  

works to  the advantage o f  the p la n t .

(d ) H yp e rsen s it iv e  t is su e  r e a c t io n s . 

H yp e rsen s it iv e  t is s u e  re a c tio n s  have been rep o rted  

f o r  r e s is ta n c e  o f  soybean to M. in c o g n ita  in c o g n ita  

and M. in co g n ita  a c r i t a  (D ropkin and Nelson , i 960) ,
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and o f  snap bean ( Phaseolus v u lg a r is  L . ) to M. 

in c o g n ita  a c r i t a  (F a s s u lio t is  et; a l .  , 19 6 7 ) .  The 

h y p e rs e n s it iv e  c e l l s  d ie  so q u ic k ly  a f t e r  a tta ck  

by the nematode th a t the p a ra s ite  i s  e f f e c t i v e l y  

w a lle d  o f f  and in ju r y  to the h ost i s  con fined  to  a 

few  c e l l s .

These few  examples o f  the concept o f  re s is ta n c e  

emphasize tha t no g e n e ra lis a t io n  can be a p p lied  to 

r e s is ta n c e  in  a p a r t ic u la r  host—p a ra s ite  r e la t io n s h ip . 

The ev id ence is  in  fa vou r o f the work by R iggs and 

W instead ( 19 58 ) who attem pted to  tra n s fe r  ro o t—knot 

r e s is ta n c e  in  tom ato, in ocu la ted  w ith  M. in c o g n ita , 

by g r a f t in g .  They found that a su scep tib le  sc ion  

on r e s is ta n t  s to ck  showed l i t t l e  or no ro o t  g a l l in g ,  

but in  most cases showed le a f  g a l l in g ;  r e s is ta n t  

s c io n  on s u s c e p t ib le  stock  showed severe  ro o t g a l l in g  

but no l e a f  g a l l in g ;  in ta c t  su sce p tib le  p lan ts 

showed g a l l in g  o f  ro o ts  and le a v e s ;  and in ta c t  

r e s is ta n t  p lan ts  showed l i t t l e  o r  no ro o t  g a l l in g  

and no l e a f  g a l l in g .  They, th e r e fo r e ,  suggested that 

the re s is ta n c e  o r s u s c e p t ib i l i t y  f a c t o r ( s )  was 

in h eren t w ith in  in d iv id u a l c e l l s  in  both the ro o ts  

and tops o f  p la n ts  and e ith e r  was not tra n s lo ca ted  

or d id  not cross the g r a f t  union.

To produce p la n ts  r e s is ta n t  to  r o o t—knot 

nematodes, however, in v o lv e s  s e v e r a l s tages in
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re s ea rch . W allace ( 1963) l i s t e d  the fo l lo w in g  6 

sta.ges in  which b reed in g  fo r  n em atod e»res is tan t 

p la n ts  cou ld be approached*

1. The nematode must be d e fin ed  as c le a r ly  as 

p o s s ib le  because d i f f e r e n t  races o r spec ies  may 

produce d i f f e r e n t  symptoms in  the spec ies  o f p la n t. 

In  any case, i t  i s  always a d v isa b le  to assess 

r e s is ta n c e  w ith  s e v e ra l nematode popu lations from  

d i f f e r e n t  l o c a l i t i e s  to see i f  r a c ia l  d if fe r e n c e s  

occu r. The s ta tu s  o f  the plaint i t s e l f  must l ik e w is e  

be known.

2. I t  i s  n ecessary  to  ensure that la b o ra to ry  

or greenhouse techniques f o r  the assessment o f 

r e s is ta n c e  p ro v id e  maximum opportu n ity  f o r  the plaints 

to r e a c t  to the nematodes. Thus, p h ys ica l con d ition s  

should be optimal, f o r  hatch ing, movement, in vas ion  

and developm ent. Where te s ts  have to be done 

i n i t i a l l y  on a f i e l d  s c a le , the problem i s  more 

d i f f i c u l t ,  because u n ifo rm ity  o f  in fe c t io n  and 

c o n t r o l o f the environment is  a lm ost im p oss ib le .

In  these cases w e l l  randomised and s t a t i s t i c a l l y  

des ign ed  p lo t  experim ents seem to  be the on ly  answer.

3 . V a lid  c r i t e r i a  f o r  the assessment o f 

r e s is ta n c e  must be dev ised  which a llow  o n ly  the 

minimum o f s u b je c t iv e  a p p ra isa l. Data on nematode 

p a th o g e n ic ity  and symptoms o f the in fe s te d  p la n t 

p ro v id e  such in fo rm a tion  and nematode p opu la tion  

s tu d ie s  w i l l  in d ic a te  whether the p lan t i s  immune,
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t o le r a n t  or r e s is ta n t .

4. D i f fe r e n t  v a r ie t ie s  or c lo s e ly  r e la t e d  

s p e c ie s  o f  the p la n t being stu d ied  are then te s te d  

f o r  re s is ta n c e  and some id ea  i s  obta ined o f  the 

g e n e t ic s  o f  in h e r ita b le  r e s is ta n c e , so that a p la n t 

b reed in g  programme can be s ta r te d .

5. Crosses and backcrosses Eire made w ith  

p o t e n t ia l l y  u s e fu l p lan t m a te r ia l u n t i l  a VEiriety is  

ob ta in ed  which appears to f u l f i l  the requ irem ents o f  

a nematode—r e s is ta n t  p lan t and which s t i l l  has 

com m ercia lly  d e s ira b le  q u a l i t i e s .

6 . The r e s is t a n t  p lan t i s  te s ted  under f i e l d  

co n d itio n s  in  d i f f e r e n t  l o c a l i t i e s  and s o i l  types to 

assess the in flu e n c e  o f environment on re s is ta n c e .

The popu la tion  dynamics o f  the nematode under the 

r e s is ta n t  crop should a lso  be s tu d ied  because i t  may 

n ot be ad v isab le  to  grow the r e s is ta n t  types 

con tin u ou s ly  i f  th e re  is  a danger that o ther ra ces  

or c lo s e ly  r e la t e d  sp ec ies  w i l l  be s e le c ted  out and 

m u lt ip ly .

As in c re a s in g  emphasis has been p laced  on 

e f f o r t s  to p ro v id e  accep tab le  vsu rie ties  o f  

a g r ic u l tu r a l ly  im portan t plaints tha t are  r e s is ta n t  

to  r o o t—knot nematode, p lan t b reeders  have, th e re fo re  

s u c c e s s fu lly  in co rp o ra ted  r e s is ta n c e  to ro o t—knot 

nematode in to  va r io u s  crops , in c lu d in g  beans.

I s b e l l  (1931) found re s is ta n c e  in  2 s tra in s  o f  p o le
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beans ( Phaseolus v u lg a r is  L . ) ,  Alabama N o .1 , and 

Alabama No*2 to sp ec ies  o f  M eloidogyne (r e fe r r e d  to 

then as H. m a r ion i) »  I s b e l l * s  ob serva tion s  were 

con firm ed by Barrons (1938) who fu r th e r  noted th a t , 

a lthough  Alabama No*1 and Alabama No*2 beans were 

h ig h ly  r e s is ta n t  to  H. m arion i, both  in  the a d u lt 

and s e e d lin g  s ta g e ; occas ion a l s l ig h t  s w e llin g s , 

which never d eve loped  in to  g a l l s ,  were formed 

im m ed iate ly  behind the ro o t  t ip  o f  these beans when 

grown in  s o i l  b a d ly  in fe s te d  w ith  the nematode. This 

ob se rva tio n  r a is e d  the qu estion  as to whether 

Alabama No.1 and Alabama N o.2 beans r e s is t  the en try  

o f  nematodes in to  th e ir  ro o ts  w ith  the excep tion  

o f  o c ca s io n a l la r v a e  which induce these s l ig h t  

s w e llin g s , o r  whether la rva e  en te r  but f a i l  to 

induce the fo rm a tion  o f g ia n t c e l l s  and the r e s u lt in g  

g a l l s .  Barrons (1939) then conducted a study on 

bean r o o t le t s  in  o rd er  to determ ine whether nematode 

la r v a e  a c tu a lly  en te r  root*»knot r e s is ta n t  v a r ie t ie s  

and, i f  so, a t what ra te  as compared w ith  su scep tib le  

v a r i e t i e s .  He found that there were no s ig n i f ic a n t  

d i f fe r e n c e s  between the ra te  o f en try  in , 

r e s p e c t iv e ly ,  the most r e s is ta n t  and su sce p tib le  

Alabama N o.1 , and Kentucky Wonder beans in  the 

s e e d lin g  s ta ge . Barrons (1 9 4 0 ), th e r e fo r e ,  in i t ia t e d  

a bean b reed ing experim ent des igned  to combine the 

root*-*knot r e s is ta n c e  o f Alabama No.1 w ith  d e s ira b le  

t r a i t s  possessed by o th er p o le  bean v a r ie t i e s .  He
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concluded th a t the re s is ta n ce  o f  r o o t—knot in  

Alabama No.1 bean i s  in h e r ite d  as a double r e c e s s iv e  

t r a i t ; i t  a lso  appears probable tha t the in h e r ita n ce  

is  on a q u a n t ita t iv e  basis w ith  a l l  in d iv id u a ls  

p ossess in g  two o r more dominant genes govern in g  

s u s c e p t ib i l i t y  to  ro o t-k n o t, and those w ith  one 

dominant gene appearing in te rm ed ia te .

A ft e r  the texonom ic r e v is io n  o f  the sp ec ies  o f  

the ro o t-k n o t  nematode by Chitwood (1949 ), and the 

adop tion  o f  the g e n e r ic  name, M elo idogyne, B la zey  

e t a l .  (1964) r e —examined bean p la n ts  f o r  ro o t—knot 

r e s is ta n c e .  They found th a t, among the bean 

v a r ie t i e s  te s ted  and recogn ized  as the most r e s is ta n t  

to H. m a r ion i, in c lu d in g  I s b e l l * s  Alabama No.1, a l l  

were su scep tib le  to  M. h ap la , M. ja v a n lc a , M. 

a re n a r ia , and M. a ren a r ia  thamesi w ith  re s is ta n c e  

con fin ed  o n ly  to M. in c o g n ita . They confirm ed 

Barrons* (1940) con c lu s ion  that r e s is ta n c e  was due 

to the in te r a c t io n  o f two independent r e c e s s iv e  

genes. F a s s u lio t is  a t a l .  (1967) have, however, 

re p o r ted  a new source o f r e s is ta n c e  to M. in co g n ita  

a c r i t a  fo r  use in  the development o f  a bush type 

snap bean. The in v e s t ig a to r s  found that s e le c t io n s  

in  F4 and F5 from a hybrid  (B—3864) o f snap bean 

were h ig h ly  r e s is ta n t  to the r o o t—knot nematode, M. 

in c o g n ita  a c r it a  in  both greenhouse and f i e l d

e va lu a tio n s . The hybrid  was developed  from  a cross
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between a s u sce p tib le  bush type b reed in g  l in e  

X P I—165426 (a  r e s is ta n t  source from  M ex ico ). 

S ig n i f i c a n t ly  few e r  fem ales were recovered  from  

r o o ts  o f  B-3864 than from Black V a len tin e , a 

su s c e p t ib le  v a r ie t y ,  or from  Alabama No.1, a 

r e s is ta n t  v a r ie t y .  Although ro o ts  o f B—3864 were 

r e a d i ly  p en etra ted  by the la rv a e , and the ro o t  t ip s  

showed s l ig h t  s w e llin g s  a t in fe c t io n  l o c i ,  v i s ib l e  

e x te rn a l n ec ro s is  became apparent 4—6 days a f t e r  

in fe c t io n ;  the m a jo r ity  o f  the la rv a e  d id  not develop  

beyond the second s tage . From h is to p a th o lo g ic a l 

s tu d ie s , th is  was a t tr ib u te d  to  a reduced amount o f 

s y n c y t ia l  developm ent and/or to  a h ypersen tive  

r e a c t io n  o f  t is s u e s  stirrounding the head o f the 

nematode. R e c e n t ly , F a s s u lio t is  <yb a l .  (1970) have 

a ls o  rep o rted  another source o f  re s is ta n c e  to M. 

in c o g n ita . They found th a t, from  th e ir  i n i t i a l  

screen in g  te s ts  which included  o ver  1100 P lan t 

In tro d u c t io n s , c u l t iv a r s ,  and b reed in g  l in e s ,

P I—165426 was s e le c te d  as having the g re a te r  p o te n t ia l 

as a source o f  r e s is ta n c e  to the ro o t—knot nematode,

M. in c o g n ita . A lthough Alabama No.1 has a h igh  

l e v e l  o f r e s is ta n c e  to M. in c o g n ita , P I—165426 was 

con s idered  a b e t t e r  parent because i t  a lso  had 

re s is ta n c e  to  fungus, R. s o la n i rep o rted  by McLean

e t  a l .  ( 1968 ) .

F a s s u lio t is  e t  a l . (1970) a ls o  noted  tha t
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tem perature was an im portant fa c t o r  to be considered  

when b reed in g  f o r  r e s is ta n c e . They found that 

r e s is ta n c e  decreased  w ith  an in c rea se  in  temperature 

from  16 to 28°C, although the number o f fem ales 

re co v e red  a t  the h igh est tem perature d id  not reach  

th a t o f  the su scep tib le  c u lt iv a r s .  They d id  n o t, 

how ever, assess whether h igh er temperatures under 

f i e l d  con d ition s  would s ig n i f i c a n t ly  in crease  

s u s c e p t ib i l i t y  in  th e ir  r e s is ta n t  l in e s .  They a lso  

encountered two m ajor problems in  b reed ing snap 

beans f o r  nematode re s is ta n c e . They found tha t ( l )  

h ost re s is ta n c e  and g a l l in g  response were apparen tly  

c o n t r o l le d  by sep ara te  g e n e t ic  mechanisms, and (2 ) 

bean p lan ts  were v e r y  s e n s it iv e  to  desturbances o f 

the r o o ts .  They s ta ted  that the f i r s t  problem was 

not as seriou s as the second, but i f  i t s  ex is ten ce  

was not re co g n ized , i t  cou ld cause delays in  the 

b reed in g  programme. P lan ts  were found that were 

com p le te ly  f r e e  o f  g a l l s ,  a lthough  they were v e ry  

h e a v i ly  in fe s te d  w ith  nematodes. S e le c t io n  o f  these 

p la n ts  re s u lte d  in  progeny which d id  not form g a l l s ,  

but which were n e v e r th e le s s  su s c e p t ib le . When 

s u s c e p t ib le , n o n -g a ll in g  p lan ts  were used as paren ts , 

t h e ir  progeny seg rega ted  f o r  g a l l in g ,  but they were 

u n ifo rm ly  s u s c e p t ib le  to in fe c t io n .  S e le c t io n  o f 

n o n -g a ll in g  p la n ts  r a p id ly  e lim in a ted  the g a l l  

response, but d id  not in crease  r e s is ta n c e .  S e le c t io n  

o f  su s c e p t ib le , non—g a l l in g  p la n ts  was avo ided  by
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exam ining the r o o ts  a f t e r  30 days which a llow ed  

enough time fo r  fem ales to  mature and form  egg masses* 

In  o rd e r  f o r  them to see the egg masses and mature 

fem a les  r e a d i ly ,  i t  was n ecessary  to remove n e a r ly  

3-11 adhering s o i l ,  which c rea ted  a severe shock to 

the m onth-old p la n t and, in  a sense, crea ted  the 

second problem. They observed th a t , in  con tra s t to 

tomato which can be uprooted , examined, and rep lan ted  

a t alm ost any s ta ge  and s t i l l  be v igorou s enough to 

use in  a c ro ss in g  programme, beans which are uprooted 

a f t e r  more than a few  days o f growth are s e r io u s ly  

stu n ted  and w i l l  produce on ly  a few  seeds. This 

f a c t o r  makes i t  d i f f i c u l t  to make crosses to a 

r e s is ta n t  p a ren t, so crosses are u su a lly  made to 

p la n ts  whose paren ts were cons idered  r e s is ta n t .

A lthough the use o f r e s is ta n t  crop v a r ie t ie s  

cou ld  o f f e r  the b e s t  and most econom ical method o f 

ro o t-k n o t  nematode c o n tro l on beans in  Kenya, i t  

appears from  the d iscu ss ion  tha t b reed in g  fo r  

re s is ta n c e  to  the nematode i s ,  however, complex and 

sometimes may n e c e s s a r i ly  proceed in  con ju nction  

w ith  b reed in g  f o r  r e s is ta n c e  to o th er pathogens. To 

be o f  va lu e , a v a r i e t y  must be r e s is ta n t  to the 

nematode sp ec ies  p re va len t in  the re g io n  concerned, 

and, in  a d d it io n , have accep tab le  agronomic q u a l i t i e s ,  

y i e ld  w e l l ,  produce food  o f  good q u a l i t y ,  and in  

g e n e ra l be more p r o f i t a b le  f o r  the farm er than the
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standard v a r i e t i e s .  The production  o f nematode- 

r e s is ta n t  v a r i e t i e s  must b e t th e re fo re *  a co op e ra tiv e  

e f f o r t  between n em a to lo g is ts , p la n t b reeders, 

agronom ists , and p a th o lo g is ts . The c lo s e s t  

coop era tion  between these s c i e n t i f i c  d is c ip l in e s  

should be encouraged in  th is  cou ntry  i f  bean v a r ie t ie s  

r e s is ta n t  to the sp ec ies  o f  r o o t—knot nematodes 

p resen t are  to be developed . I f  re s is ta n ce  to  the 

nematode sp ec ies  cannot be found, i t  might be 

p o s s ib le  to  d eve lop  a nematode—to le ra n t  bean v a r ie t y  

which can produce a good crop where the su scep tib le  

v a r ie t i e s  can o n ly  produce a poor crop.

I t  i s  su ggested  that fu r th e r  research  on the 

c o n tr o l o f  r o o t—knot nematodes on beans in  Kenya is  

bo th  d e s ira b le  and necessary. Experiments should be 

s i t e d  in  s e v e ra l p la ces  in  both  low  (C oasta l R eg ion ) 

and in te rm ed ia te  a lt i tu d e  areas (1,500 m» and below ) 

to  screen  a l l  a v a i la b le  bean germplasm fo r  re s is ta n c e  

to  sp ec ies  o f r o o t—knot nematodes p resen t. I t  i s  

suggested  tha t r e s is ta n c e  in  beans be eva lu ated  by 

the " r o o t—knot in d ex " method, th a t i s ,  by ob serv in g  

the in c id en ce  o f  g a l l  fo rm ation  on p lan ts  grown to 

m atu rity  in  s o i l  h e a v ily  in fe s t e d  w ith  ro o t-k n o t 

nematodes. In fe c t io n  c a te g o r ie s  f o r  re co rd in g  data 

should be s im ila r  to  those used by Smith (19^1 )«

C lass  0 = a l l  r o o ts  w ithout v i s i b l e  g a l l s ,  C lass  1 = 1  

to  25$ o f ro o ts  w ith  g a l l s ,  C lass  2 = 26 to 50$,
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C lass  3 = 51 to 75$» and C lass 4 = 76 to 100$ o f  

r o o ts  w ith  g a l l s .  Continued t e s t in g  o f r e s is ta n c e  

o f beans and o th er food  o r  cash crops should p rov id e  

va lu a b le  da ta  on the h ab its  and lo c a t io n s  o f the 

va r io u s  races  o f  ro o t-k n o t nematodes. I t  would a lso  

p ro v id e  in fo rm a tion  o f  g rea t p r a c t ic a l  va lu e f o r  the 

p lann ing o f  r o ta t io n s  in  Kenya.
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APPENDIX 1

A n a ly s is  o f  v a r ia n c e  o f  e f f e c t s  o f  D-D and EDB 

a p p lic a t io n  on numbers o f  M eio idogyne la r v a e ;  

Kenya Canners P la n ta t io n ,  Th ika , 1971.

Source o f  

V a r ia t io n

D egrees o f 

Freedom

Sums o f  

Squares

Mean

Squares

F

R e p lic a te s 4 1.846820 0.461705 4 .4 1 **

V a r ie t ie s 2 0.885359 0.442680 4 .22*

Treatm ents 4 5.3^4950 1.336238 1 2 . 75* * *

V X T 8 12.142046 1.517756 14 .48***

E r ro r 56 5.867931 0.104784

T o ta l 74 26.087106

S ig n i f ic a n t  a t  P = 0.05 

S ig n i f ic a n t  a t  P = 0.01 

S ig n i f ic a n t  a t P = 0.001
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APPENDIX 2

A n a ly s is  o f  v a r ia n c e  o f  e f f e c t s  o f  D-D and EDB 

a p p lic a t io n  on mean y ie ld s  (k g / p lo t )  o f  K ik a ra  

and M exico 142j Kenya Canners P la n ta t io n ,  Th ika , 1971.

Source o f  

V a r ia t io n

D egrees o f  

Freedom

Sums o f 

Squares

Mean

Squares

F

R e p lic a te s 4 9.544812 2.386203 5 .1 1 * *

V a r ie t ie s 1 1.936512 1.936512 4 .1 5 *

Treatm ents 4 7.422812 1.855703 3.91**

V X T 4 1.974908 0.493727 1.06 N.S.

E rro r 36 16.818348 0.467176

T o ta l 49 37.697392

*
S ig n i f ic a n t  a t P = 0.05

S ig n i f ic a n t  a t P = 0,01 

N.S. = Not s ig n i f i c a n t
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APPENDIX 3

A n a ly s is  o f  v a r ia n c e  o f  e f f e c t s  o f  D-D a p p lic a t io n  

on mean y ie ld s  (k g / p lo t )  o f  M exico 142; Kuraiha 

E s ta te ,  Th ika, 1971-72.

Source o f  

V a r ia t io n

D egrees o f  

Freedom

Sums o f  

Squares

Mean

Squares

F

R e p lic a te s 5 0.8330 0 ,1666 1.58 N.S.

Treatm ents 1 1.8019 1.8019 17.09**

E r ro r 5 0.5272 0.1054

T o ta l 11 3.1621

S ig n i f ic a n t  a t  P = 0,01

N. S. = Not s ig n i f i c a n t
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APPENDIX 4

A n a ly s is  o f  v a r ia n c e  o f  p e rcen tage  p e n e tra t io n  o f  

M eloidogyne in c o g n ita  and M. ja v a n ic a  la r v a e  in  

r o o ts  o f  K ik a ra , M exico 142, Canadian Wonder, 

M asterp iece , Marathon and Prem ier bean v a r i e t i e s .  

(M. in c o g n ita  inoculum c o n s is te d  o f  la r v a e  d e r iv e d  

from  egg masses; M. ja va n ic a  inoculum  c o n s is te d  o f 

la r v a e  d e r iv ed  from  s o i l ) .

Source o f 

V a r ia t io n

D egrees o f  

Freedom

Sums o f  

Squares

Mean

Squares

F

R e p lic a te s 4 831.77 207.94 1<

V a r ie t ie s 5 480.35 96.07 1<

Treatm ents 1 19332.15 19332.15 8 0 .8 2 ***

V X T 5 111.95 22.39 1<

E rro r 44 10 5 2 4 .6 3 2 3 9 .20

T o ta l 59 31280.85

* * *
S ig n i f ic a n t  a t  P = 0.001
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A n a lys is  o f v a r ia n ce  o f  p e rcen tage  p e n e tra t io n  o f  

M eloidogyne in c o g n ita  and M. ja v a n ic a  la r v a e  in  

ro o ts  o f  K ikara , M exico 142, Canadian Wonder, 

M asterp iece, Marathon and P rem ier bean v a r i e t i e s ,  

(inoculum o f both  sp ec ie s  d e r iv e d  from  egg m asses).

Source o f 

V a r ia t io n

D egrees o f  

Freedom

Sums o f  

Squares

Mean

Squares

F

R e p lic a te s 4 543.10 135-78 1 <

V a r ie t ie s 5 2127.55 425.51 1.602 N.S.
Treatments 1 6678.15 6678.15 25.145***
V X T 5 1437-95 287.59 1.083 N.S.
E rro r 44 1 1 6 8 6 . 1 0 265.59

T o ta l 59 2 2 4 7 2 . 8 5

S ig n if ic a n t  a t  P = 0.001

N.S. = Not s ig n i f i c a n t
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FIGURE 1. DISINFESTED BEAN SEEDS

T h re e  d is in fe s te d  Canadian Wonder bean 

s e e d s  in  a s t e r i l i z e d  p e t r i  d ish  

c o n ta in in g  a f i l t e r  paper, read y  f o r  

in cu b a tio n . (R e p re s e n ta t iv e  o f  a l l  

bean  v a r ie t ie s  used in  th is  s tu d y ).
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FIGURE 2. BEAN SEEDLINGS

Bean s e e d lin g s  tran sp lan ted  in to  

s t e r i l i z e d  sandy s o i l  in  paper cups 

a f t e r  p regerm in a tion  fo r  60 hours, 

and k ep t in  a grow th  chamber w ith  

a thermograph f o r  re co rd in g  temperature.
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FIGURE 3. BEAN NEMATIC IDE EXPERIMENT

A bean n em atic ide experim ent a t Kenya Canners 

P la n ta t io n ,  Th ika: fo regrou n d , Mexico 142 

u n trea te d  p lo t ;  background, Mexico lh2 p lo t  

t r e a te d  w ith  D-D b roadcast (336 .8  l/ h a ).
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FIGURE 4. BEAN ROOTS FROM NEMATIC IDE EXPERIMENT

Bean r o o ts  from  the nem aticide experiment at 

K u ra iha  E s ta te , Th ika : l e f t ,  h ea lth y  roo t 

system s o f  K ik a ra  dug from a p lo t  trea ted  

w ith  D—D in  the row ; r ig h t ,  h e a v ily  in fes ted  

r o o t  systems o f  K ik a ra  w ith  r o o t—knot 

nem atode, M. in c o g n ita  dug from  an untreated 

p lo t .
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FIGURE 5. KIKARA BEAN PLANTS

T h ir t y —d a y -o ld  K ik a ra  bean p lants 

(greenhou se pot t e s t )  j l e f t ,  stunted plant 

grown in  s o i l  h e a v i ly  contaminated w ith a 

m ixed p op u la tion  o f  the ro o t—knot nematodes, 

M. in c o g n ita  and M, .javanica; r ig h t ,  healthy 

p la n t  grown in  s t e r i l i z e d  s o i l .
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FIGURE 6. KIKARA BEAN ROOT SYSTEMS

T h ir t y —day— o ld  K ikara  bean ro o t  systems 

(greenhou se pot t e s t )  s l e f t ,  h ea lthy roots 

grown in  s t e r i l i z e d  s o i l ;  r ig h t ,  stunted 

and g a l le d  r o o t  systems grown in  s o i l  

h e a v i ly  in fe s t e d  w ith  a mixed population 

o f  th e  ro o t-k n o t  nematodes, M. in cogn ita  

and M. ja va n ic a .
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1 KlUHE 7. BEAN ROOT SYSTEM

M exico 142 r o o t  system,

3-4  cm lo n g , a f t e r  incubation  

a t  25 C f o r  60 hours.
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1 IGURE 7. BEAN ROOT SYSTEM

M exico 142 r o o t  system,

3—4 cm lo n g , a f t e r  incubation  

a t  25 C Tor 60 hours.





193

FIGURE 8. BEAN ROOT SYSTEM

K ik a ra  r o o t  system ,

2—2.5 cm lo n g , re p re s e n t in g  

a t y p ic a l  r o o t  system , a f t e r  

in c u b a tio n  a t 25°C f o r  60 hours





194

FIGURE 9. NON-INFECTED BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  o f a non—in fe c te d  roo t o f 

a Canadian Wonder bean p lan t 20 days a ft e r  

g e rm in a tion  (x  8 8 ).





FIGURE 1 0 . NON-INFECTED BEAN ROOT SECTION

T ran sve rse  s e c t io n  o f a non«»inf ected roo t o f a 

M exico 142 bean p la n t 30 days a ft e r  germination 

(X  8 8 ) .
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FIGURE 11. INFECTED MEXICO 1 k2 BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  o f a ro o t o f a Mexico 142 

bean p la n t 10 days a f t e r  inocu la tion  showing 

e a r ly  second^stage la rv a  o f M. incogn ita  

m ig ra t in g , a f t e r  p en etra tion , both in te rce llu la r !.}, 

through the c o r te x , and in t r a c e l lu la r ly  to the 

s t e l e  o f  the r o o t  (X 88 ).





1 I 'I HE 1 ~ . INFECTED PREMIER BEAN ROOT SECTION

T ran sve rse  s e c t io n  o f a ro o t o f  a Premier bean 

p la n t  10 days a f t e r  in ocu la tion  showing: head 

o i a l a t e  second-stage la rv a  o f  M. javanica 

in s e r t e d  in to  the vascu la r system, w ith the 

rem a in in g  sausage-shaped p o rtion  o f the larva  

lo c a te d  in  the c o r t i c a l  c e l ls  ; g ian t c e l ls  

around the head o f  the la rva  in  the phloem and 

xylem  parenchyma c e l l s ;  and hypertrophy o f the 

c o r t i c a l  and h yp erp la s ia  o f the phloem and xylem 

parenchyma c e l l s  (X  88 ).
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FIGURE 13. INFECTED MASTERPIECE BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  o f  a ro o t o f  a Masterpiece 

bean p la n t  20 days a f t e r  in ocu la tion  showing: 

head o f  an adu lt fem a le  o f  M. javan ica  inserted 

in to  th e  vascu la r system ; coa lesced  phloem and 

xylem  c e l l s ,  w ith  th e  s t e le  more or less  

c o m p le te ly  transform ed in to  dense g ian t c e l ls ;  

and d is ru p ted  c o r t i c a l  c e l l s  caused by the 

in c r e a s e  in  s iz e  o f  the mature fem ale nematode 

(X 8 8 ).
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i IGURE 14. INFECTED KIKARA BEAN ROOT SECTION

T ran sve rse  s e c t io n  o f  a ro o t o f  a Kikara bean 

p la n t  30 days a f t e r  in ocu la tion  showing: 

head o f  an a d u lt fem a le  o f  M. in cogn ita  

in s e r t e d  in to  the vascu la r system, with giant 

c e l l s  around the head o f the fem ale nematode; 

and c o lla p s e d  epiderm al and d isrupted co r t ic a l 

c e l l s  fo rm in g  a c a v i t y  caused by the increase 

in  s i z e  o f  the mature fem ale and i t s  egg masses 

(X  8 8 ).
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i-IMJHE 15. INFECTED MEXICO 142 BEAN ROOT SECTION

Ira n sv e rs e  s e c t io n  o f  a ro o t o f  a Mexico 142 bean 

p la n t  40 days a f t e r  in ocu la tion  showing collapsed 

ep id erm a l and d isru p ted  c o r t ic a l  c e lls  forming 

a c a v i t y  caused by the in crease  in  s ize  o f an 

a d u lt  fem a le  o f  M. ja van ica  and i t s  egg masses 

(X  8 8 ).
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FIGURE 16. INFECTED MARATHON BEAN ROOT SECTION

Tran sverse  s e c t io n  of* a r o o t  of* a Marathon bean 

p la n t 10 days a f t e r  in o c u la t io n  showing grow th 

o f  l a t e r a l  r o o ts  in  the p ro x im ity  o f  g a l l s ,  

induced by an in f e c t i v e  la r v a  o f  M. ja va n ic a  

(X  8 8 ).





■ M x
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FIGURE 17. INFECTED CANADIAN WONDER BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  o f  a ro o t  o f  a Canadian 

Wonder bean p la n t 10 days a f t e r  in ocu la tion  

showing grow th o f  l a t e r a l  ro o ts  in  the proxim ity 

o f  g a l l s , induced by an in fe c t iv e  la r v a  o f 

M. in c o g n ita  (X  8 8 ).
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FIGURE 18. INFECTED MARATHON BEAN ROOT SECTION

T ran sve rse  s e c t io n  o f  a ro o t o f a Marathon 

bean p la n t  20 days a f t e r  in o cu la t io n  showing 

co a le s c ed  phloem and xylem  c e l l s ,  w ith  the 

s t e le  more or le s s  com p le te ly  transformed in to  

g ia n t  c e l l s  induced by  the fe e d in g  o f an 

ad u lt fe m a le  o f  M. in c o g n ita  (X 8 8 ).
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FIGURE 19. INFECTED CANADIAN WONDER BEAN ROOT SECTION

L o n g itu d in a l  sec tion  o f a ro o t o f  a Canadian 

Wonder bean p lan t 20 days a f t e r  in ocu la tion  

sh ow in g  two adu lt nematode fem ales o f M. 

. ia v a n ic a  fe e d in g  in  the vascu lar tissues in  

c l o s e  p rox im ity^  re su ltin g  in  the extensi 

fo rm a t io n  o f  g ia n t  c e l ls  (X 88) .
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FIGURE 20. INFECTED MEXICO 1^2 BEAN ROOT SECTION

T r a n s v e r s e  s e c t io n  o f  a roo t o f  a Mexico 142 

bean p la n t 30 days a f t e r  in ocu la tion  showxng 

th re e  ad u lt nematode fem ales o f  M. ja va n ica 

f e e d i n g  in  the vascu la r tissu es  in  c lo se  

p r o x i m i t y ,  r e s u lt in g  in  the ex tens ive  formation

o f g ia n t  c e l l s  (X  88 ).
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FIGURE 21 . INFECTED CANADIAN WONDER BEAN ROOT SECTION

T ran sverse  s e c tio n  o f a roo t o f a Canadian 

Wonder bean p lan t 10 days a f t e r  inocu lation  

showing "abnormal xylem" , which is  ch a ra c te r ized  

by secondary w a ll th icken ings o f annular, or 

reticulate types, formed from xylem parenchyma 

associated w ith  g ia n t c e l l s ,  induced by M.

incognita (X  175)»



A„
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FIGURE 22. INFECTED KIKARA BEAN ROOT SECTION

T ran sve rse  s e c t io n  o f  a ro o t  o f  a K ikara bean 

p la n t 20 days a f t e r  in ocu la tion  showing abnormal 

xylem  in  xylem parenchyma c e l l s ,  associa ted  

w ith  g ia n t  c e l l s ,  induced by M. in cogn ita

(X 175).
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FIGURE 23. INFECTED MEXICO 142 BEAN ROOT SECTION

Tran sverse  s e c t io n  o f  a r o o t  o f  a Mexico 142 

bean p la n t 30 days a f t e r  in o cu la t io n  showing 

abnormal xylem  in  xylem  parenchyma c e l l s ,  

surrounded by g ia n t  c e l l s ,  induced by M.

. javan ica  (X  175 ).



-
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FIGURE 24. INFECTED MEXICO 142 BEAN ROOT SECTION

T ran sverse  s e c t io n  o f  a r o o t  o f a Mexico 142 

bean p la n t 10 days a f t e r  in o c u la t io n  showing 

g ia n t  c e l l s  in  the c o r te x , induced by M. 

in c o g n ita  (X  8 8 ).





FIGURE 25. INFECTED CANADIAN WONDER BEAN ROOT SECTION

Tran sverse  s e c t io n  o f  a r o o t  o f  a Canadian 

Wonder bean p la n t 10 days a f t e r  in o c u la t io n  

showing g ia n t  c e l l s  in  the c o r te x j induced by 

M. in c o g n ita  (X  88)•
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FIGURE 26. INFECTED PREMIER BEAN ROOT SECTION

T ran sverse  s e c t io n  o f  a r o o t  o f a Prem ier bean 

p la n t 10 days a f t e r  in o c u la t io n  showing g ian t 

c e l l s  in  the c o r te x , induced by M. ja va n ica  

(X  8 8 ).
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FIGURE 27. INFECTED CANADIAN WONDER BEAN ROOT SECTION

Tran sverse  s e c t io n  o f  a r o o t  o f a Canadian 

Wonder bean p la n t 20 days a f t e r  in o cu la t io n  

showings secondary th ick en in g  o f g ia n t c e l l  

w a l ls  i r r e g u la r  in  p a tte rn ; and h ig h ly  granular 

and dense cytop lasm  o f  the g ian t c e l l s ,  

induced by M. in c o g n ita  (X  88 ).
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FIGURE 28. INFECTED MARATHON BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  o f a ro o t  o f  a Marathon 

bean p la n t 20 days a f t e r  in o cu la t io n  showing: 

h ig h ly  m u ltin u c lea te  g ia n t  c e l l s ;  and 

h yp ertrop h ied  n u c le i and n u c le o l i  a gg rega tin g  

somewhat toward the c en tre  o f  the g ia n t  c e l l s ,  

induced by M. ja va n ica  (X  88)•





21 4

FIGURE 29. INFECTED PREMIER BEAN ROOT SECTION

Tran sverse  s e c t io n  oT a r o o t  o f  a Prem ier bean 

p la n t  30 days a f t e r  in o c u la t io n  showing: h igh ly  

va cu o la ted  cytop lasm  o f  the g ia n t c e l l s , induced 

b y  M. in c o g n ita ; and degenerated  g ia n t c e l l  

n u c le i  w ith  t h e i r  con ten ts d if fu s e d  in to  the 

cytop lasm  (X  8 8 )«





~ 215 -

FIGURE 30. INFECTED KIKARA BEAN ROOT SECTION

L o n g itu d in a l s e c t io n  of* a r o o t  o f  a K ika ra  bean 

p la n t  40 days a f t e r  in o c u la t io n  showing 

c o m p le te ly  d eg en e ra ted  g ia n t  c e l l  cytoplasm , 

which had been  induced b y  Mo in c o g n it a , and 

the d isap p ea ran ce  o f  n u c le i  and n u c le o l i  (X 88).
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FIGURE 31. EARLY SECOND-STAGE LARVA

Camera lu c id a  draw ing o f  an in f e c t iv e  e a r ly  

secon d -s tage  ro o t-k n o t  nematode la rv a , 

p e n e tra t in g  a r o o t  o f  a Marathon bean p la n t, 

a t  a p o in t  in  the e lo n g a tin g  re g io n  c lo s e  

beh ind the r o o t  t ip  (X  102 ).
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FIGURE 32. NEMATODE POSITION IN  BEAN ROOT TISSUES

Camera lu c id a  drawing o f  an in fe c t iv e  e a r ly  

second—stage r o o t—knot nematode la rv a  w ith  i t s  

head in  the va scu la r  system , a f t e r  p en e tra tion , 

l y in g  p a r a l l e l  to the lon g  ax is  o f  a r o o t  o f  a 

K ik a ra  bean p la n t (X 102).







FIGURE 33. LATE SEC OND*-»STAGE LARVA IN  BEAN ROOT TISSUES

Camera lu c id a  draw ing o f  a l a t e  second^stage 

r o o t «k n o t  nematode la r v a ,  a t  the tim e o f  the 

2nd m ou lt, w ith  a c h a r a c t e r is t ic  sp iked t a i l ,  

in  a r o o t  o f  a K ikara  bean p la n t (X  102).
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FIGURE 34. YOUNG ADULT FEMALE ROOT-KNOT NEMATODE

Camera lu c id a  drawing o f  a young adu lt fem ale 

r o o t —knot nematode th a t has not y e t  l a id  eggs, 

a f t e r  the 2nd, 3rd, and 4th  m oults, in  a ro o t 

o f  a Marathon bean p la n t, w ith  i t s  p o s te r io r  

end p ro tru d in g  on the ro o t  su rface  (X  102 ) .
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FIGURE 35. ADULT FEMALE ROOT-KNOT NEMATODE

Camera lu c id a  draw ing o f  an adu lt fem ale r o o t -  

knot nematode, M. in c o g n ita , in  a ro o t  o f  a 

M exico 142 bean p lan t w ith  i t s  p o s te r io r  end, 

a tta ch ed  to i t s  egg mass, p ro tru d in g  on the ro o t  

su r fa c e  (X  102 ),
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FIGURE 36 . INFECTED MEXICO 142 BEAN ROOT SECTION

T ran sverse  s e c t io n  o f  a r o o t  o f  a Mexico 142 

bean p la n t 20 days a f t e r  in o c u la t io n  showing 

M. in c o g n ita  fe e d in g  on a nucleus in  a g ia n t  

c e l l  (X  175 ).




