
"SCREEN ING FOR RE SISTANCE OF TOMATO CU LT I VARS 

TO COR YNEBA C T E R  1 UH Ml C H 1G A N E N S E  ( E . F. SM. ) JENS. 

AND THE E F F E C T  OF M E 1.0/D U G Y N E  INCOGNITA 

(KOFOID AND WHITE) C H I T W O O D  ON D E V E L O P M E N T  

OF BACTERIAL C A N K E R ”

----o.o m a s  utfiiN ACCEPTED POh
T n E  *>k o r k b

\ND A COPY M A Y  B E  PLACED U| TflB 
BY ONlVfiBSITY LlBJiABY.

JAMES OMBIRI

A THESIS S U B M I T T E D  IN P A R T I A L  F U L F I L L M E N T  

FOR THE R E Q U I R E M E N T S  FOR THE DEGREE OF 

MASTER OF SCIENCE IN PL AN T PATHOLOGY, 

U N I V E R S I T Y  OF NAI ROB I.

AUGUST, 1908

jj n T W S I T Y  OF NAIROBI 
-L1»*A * Y



D E C L A R A T I O N

This thesis is my original work and has not been 

presented for a de g r e e  in any other university.

jHt-
JAMES OMBIRl

Da I. e i____ t t? | 11 |_& ^

This thesis has been s u bm it te d for e x a m i n a t i o n  

with my approval as University Supervisor.



A C K N O W L E D G E M E N T S

I wish to thank Prof. E.M. Gathuru, my su pervisor 

for ills co nstant guidance, a d v i c e  and e n c o u r a g e m e n t  

d u ri ng the course of this work. Let me also take this 

o p p o r t u n i t y  to thank Prof. D.M. Mukunya of C r o p  Science 

Department for his words of e n c o u r a g e m e n t  a n d advice 

duri ng the undert ak in g of this course. I would like to
i

express my gratitudes to Dr. Buruchara., plant 

pathologist, U n i v e r s i t y  of Nairobi, for his helpful 

advice and e n li gh te ni ng d i s c u s s i o n s  during the initial 

stages of the project.

I thank Dr. G.G. Madumadu, Plant Br e e d e r  and Mr. 

Kanyagia, ne ma to lo gi st both in National Hortic ul tu ra l 

Rese ar ch Station, Thika for their helpful a d v i c e  and 

en li gh te ni ng discussions. M a y I al so thank the 

technical staff In Crop S c i e n c e  Depart me nt for their 

a s s i st an ce in the laboratory and field work.

I also wish to a c k n o w l e d g e  my gratitu'des to my 

sponsor, the Un iv e r s i t y  of Nairobi for p r o v i d i n g  the 

s c h o la rs hi p and to Mr. John Gitau, Animal P r o d u c t i o n  

Department, U n i v e r s i t y  of Nairobi who t i r e l e s s l y  typed 

tills work. I would like to e x p r e s s  my gr atitudes to 

all my friends and relatives wh o helped me in one way 

nr another during the u n d e rt ak in g of this course.

I wish to thank my mot tier He I len for her 

c o n t i n u o u s  en co uragement and prayer for me d u ri ng the 

un de rt ak in g of this challenging course.

Finally, I wish to thank God who has been my

uIt ima te help.



T A BLE OF C O N T E N T S

f V

Page

AC K N O W L E D G E M E N T S  .................................  i i i

LI S T  OF T A B L E S ...................................  ix

LIST OF FIGURES .................................  x

LIST OF PLATES .................................  xl 1 i

LI ST OF A P P E N D I C E S  .............................  xiv

A B ST RA CT ............................................  xvi

*

1. INTRODUCTION .................................  1

2. LITERATURE R E V I E W  ........................... 5

2.1 Taxonomy of C o r v n e b a c t * r i u m

m t ch i (tanensa.............................  5

2.2 Mo rphology of C o r y n e b & c t e r i u m......  5

2.3 C h a r a c t e r i s t i c s  of growth in culture .. 6

2.4 Symp tomn t ol og y 7



V

2.5 Factors i n f l u e n c i n g  the re ac t i o n  

of tomato s e e d l i n g s  to in fe c t i o n

by C, michi gcinense........................  8

2 .6 Host range ......................................... 11

2.7 Resistance ......................................... 12

2.7.1 Nature a n d  source of r e s i s t a n c e  .... 12

2.7.2 S c r e e n i n g  for r e s i s t a n c e  .............  13

2.8 Variations in virulence of Coryn&bact.erium

strains ......................................... 15

2.9 Role of plant parasitic ne m a t o d e s

in bacterial diseases ...................... 16

3. MATERIALS AND M E T H O D S  ...........................  20

3.1 Sources of C a r v n e b a c t e r i u m

m i c h i g a n e n s e  isolates ....................  20

3.2 Isolation a n d storage of isolates .... 20

3 . 3 Identification of isolates .............  22

3.3.1 Cultural c h a r a c t e r i s t i c s  of the

Isolates .................................  22



V i

3.3.2 Gram stain, acid-fast test and cell

m o r p ho lo gy ............................... 22

3.3.3 Biochemical tests .....................  22

3.3.3.1 C a ta la se test ........................  22

3.3.3.2 Fe r m e n t a t i o n  of sugars ............  23

3.3.3.3 Ox i d a s e  test............................ 23

3.3.3.4. Trlphenyl te tr az ol lu m chloride

test ....................................  24

3.3.3.5 Sodium chloride to le rance ........ 24

3.3.4 Pa t ho gen i o i ty t e s t ....................  24

3. 3. 4.1 Inoculum p r e p a r a t i o n ............  25

3.3.4.2 Inoculation p r o c e d u r e  .............  25

3.3.4.3 Disease as sessment .................  2G

3.4 Virulence of C o r y n e h a c t e r i u m  isolates

on L y c o p e r s i c o n  esculent.urn............  26

3.4.1 Rating procedure .....................  26

3.5 Screening of tomato cu l t l v a r s

for resist an ce to C o r y n e b a c t e r i u m  

m i c h i g a n e n s e  .............................  27

3.5.1 Sources of seeds, raising of

seedlings and I n o c ul at io n ............  27

3. 5. 2 Rating proc ed ur e ........................  30

3.5.2.1 Rating the level of resistance... 30

3.6 Influence of M e l o i d o g y n e  incognita 

on the develo pm en t of bacterial

canker in t o m a t o ............................  30



V i  i

3.6.1 Sources nf fl. incognita inoculum .... 30

3. 6. 2 Raising seedlings of " M o n e y m a k e r "

and ”M R 4 " ................................... 31

3 . 6 . 3  P r e p a r a t i o n  o f  I r i o c u l a  o f  C .
mi ch i g a ne ns e and M. i n c o g n i t a. 31

3.6.4 inoculation procedure ................... 32

3.6.5 Rating pr ocedures ........................  33

4. RESULTS ........................................... 34

4.1 Identification of isolates ............  34

4.1.1 Cultural c h a r a c t e r i s t i c s  of isolates. 34

4.1.2 Gram stain, acid-fast test and cell

mo rp ho lo gy ................................  34

4.1.3 Biochemical tests ....................... 34

4 . 1.3. 1 Ca t a 1 a s e test .........................  36

4.1.3.2 F e r m e n t a t i o n  of sugars .............  36

4. 1.3.3 Oxidase test ........................... 36

4. 1.3.4 Tri phenyl tet.raz'ollum test ........  36

4.1.3.5 Sodium ch lo ri de tole ra nc e .........  37

4 . 1 . 4  P a t h o g e n i c i t y  t e s t  .................................................  3 7

4.2 Virulence nf Corynebactoriurn

isolates on L y c o p e r s i c o n  escuJentum. . . 42

4.3 Screening of tomato c u l t i v a r s  for

resistance to C. mi c h i g a n o n s o .........  49

t



Vi i i

4.4 Influence of M e l o i d o g y n e  incognita on

the d e v e l o p m e n t  of bact er ia canker ...... 51

5. D I S C U S S I O N .....................................  54

5.1 Id en tification of isolates of

C. mi chi g a n e n s e ............................  54

5.2 Virulence of Corynebacteriurn

mi chi g a n e n s e  isolates on L y c o p e r s i c o n

escu 1 e n t u m ....................................  55

5.3 Screening of tomato cult iv ar s for 

resistance to Corynebacteriurn

mi c h i g a n e n s e .................................  56

5.4 The in fluence of M e l o i d o g y n e  incognita 

on the de ve l o p m e n t  of bacterial canker

of tomato .................................  58

6. LITERA TU RE C I T E D  ................................  60

7. AP PENDICES .........................................  73



ix
\

1 Areas of o r i g i n  of C o r y n e b a c t e r i u m  

mi ch i g a n e n s e  isolates and their

climatological condit io ns ....................  21

2 Tomato c u lt iv ar screened for resist an ce

to C o r y n e b a c t e r  ium mi c h i g a n e n s e ..............  29

3 Re action of 10 bacterial Isolates and 

expected r e ac ti on s of C o r y n e b a c t e r 1um 

m i c h i g a n e n s e  to some biochemical tests.. 35

4 Virulence of ten bacterial Isolates of

C. m i c h i g a n e n s e  on tomato cultivar 

" M o n e y m a k e r " ..................................... 43

5 Screening of tomato c u l t i v a r s  using

the highly vi ru l e n t  isolate of C. 

m i c h i g a n e n s e ...........................    50

6 Mean linear ex t e n t  of internal vascular

d i s c o l o u r a t i o n  percent (LEIVD %) of tomato 

cultivars "M on e y m a k e r "  and "MR4" in oc ul at ed 

with C. michi gane ns e in the presence and 

ab se nc e of M. I n c o g n i t a . ...................  53

LIST OF TABLES
i

Table Page



X

LIST OF FIGURES

Figure Page

1 Disease s e v e r i t y  on s u sc ep ti bl e

tomato Cv. " M o n e y m a k e r ” infected by 

isolate A of C o r y n e b a c t e r i u m

michi g a n e n s e ................................  44

2 Disease s e v e r i t y  on s u s c ep ti bl e

tomato Cv. "Moneymaker" infected by 

isolate B of C o r y n e b a c t e r i u m

mi chi g a n e n s e ................................  44

3 Disease s e v e r i t y  on su sc e p t i b l e

tomato Cv. " M o n e y m a k e r ” infected by 

isolate C of C o r y n e b a c t e r i u m

mi chi g a n e n s e ............................  45

4 Disease s e v e r i t y  on su sc e p t i b l e

tomato Cv. "Moneymaker" infected by 

isolate D of C o r y n e b a c t e r i u m

michi g a n e n s e .................   45

5 Disease s e v e r i t y  on su sc e p t i b l e

tomato Cv. "Money ma ke r" infected by 

isolate E of C o r y n e b a c t e r i u m

mi chi g a n e n s e ......................... '......  46



xi

6 Disease s e v e r i t y  on susc ep ti bl e 

tomato Cv. " M o n e y m a k e r " infected by 

isolate F of Corynebacteriurn

mi chi ganense. . . ............. .............. 46

• •

7 Disease s e v e r i t y  on su so e p t i b l e

tomato Cv. "Moneymaker" infected by 

isolate G of Corynebacteriurn

michi g a n e n s e .................    47

;

8 Disease s e v e r i t y  on su sc e p t i b l e

tomato Cv. "Moneymaker" infected by 

isolate H of Corynebacteriurn

michi g a n e n s e ..........    47

9 Disease s e v e r i t y  on su sc e p t i b l e

tomato Cv. "Moneymaker" infected by 

isolate 1 of Corynebacteriurn

michi g a n e n s e ................................  48

10 Disease s e v e r i t y  on s u s c ep ti bl e

tomato Cv. "Moneymaker" infected by 

isolate J of Corynebacteriurn

mich i g a n e n s e ................................  48



X 1 1

11 Percent seedlings with score > 3 of 

"Moneymaker"cu1tlvar inoculated with 

C. mi chiganense either alone or with

M. i n c o g n i t a .......... .......... . 52

12 Percent seedlings with score ^ 3 of 

"MR4" cultlvar Inoculated with

C. michiganense either alone or with 

M. incognita .....................  52



xl 1 1

1

2

3

Plate

LIST OF PLATES

Tomato c u l t i v a r  " M on ey ma ke r" (A) non-

lnoculated control, and (B) seedling

showing unilat er al wi l t i n g  of leaflets

"C" 2 weeks after i n o c u l a t i o n  with

isolate D of C. m i c h i g a n e n s e ........... 38

Tomato c u l t i v a r  " M on ey ma ke r" (A) non- 

inoculated control, and CB) seedling 

showing irregular o n e - s i d e d  wilting 

of leaves three weeks af t e r  i n oc ul at io n 

with isolate D of C. m l c h 1 g a n e n s e.....  39

Part of t o ma to plant, c u l t i v a r  

"Money ma ke r" showing "A" canker formed 

on the stem and "B" canker formed on the 

leaf peti ol e four weeks af t e r  I n o c ul at io n 

with isolate D of C, m i c h i g a n e n s e ....... 40

Page

Longitudinal section of the stem 

of tomato c u lt iv ar " M on ey ma ke r" (A) non- 

inoculated control, and (B) the 

d i s c o l o u r a t i o n  of vascular tissues and 

the pith four weeks after inoculation 

with isolate D of C. michi g a n e n s e .....  41



X i  V

A p p e n d  1 x Patie

LIST OF APPENDICES

1 Horticultural Exports - 1986 ............. 73

2 Tomato P r o d u c t i o n  e s t i m a t e s  (hectares)

in Kenya 1982-1905 ........................  74

3 Tomato p r o d u c t i o n  e s t i m a t e s  in Central
I

and E a s t e r n  Provinces 19 84 /8 5 ........... 75

4 Formulae of media and chemical

solutions ...................................... 76

5 Analysis of variance of the results 

obtained in the study of viru le nc e 

of C. m i c h i g a n e n s e  isolates on

tomato Cv. " M o n e y m a k e r " ....................  78

6 Analysis of variance of the results

of s c r e e n i n g  of tomato Cvs. for 

resistance to C. m i c h i g a n e n s e  ........  79

7 Analysis of variance of the 

interaction of M e l o i d o g y n e  incognita 

and Corynebacteri'um m i c h i g a n e n s e  on

tomato c u l t i v a r  "Moneymaker" ........... 80



XV

8 Anal ys is of variance of the

in te r a c t i o n  of M e 1o i d o g y n e  incognita

and C o r y n e b a c t e r  ium mi c h i g a n e n s e  on

tomato c u l t i v a r  "MR4" ...................... 81



ABSTRACT

Investigations were ca rried out to e s t a b l i s h  the 

levels of re si s t a n c e  in tomato c u l t i v a r s  to 

Corynebacteriurn m i c h i g a n e n s e  (E.F.Sm.) Jens., and to 

find out the ef f e c t  of M e l o i d o g y n e  incognita (Kofoid 

and White) c h i t w o o d  on resistance. V a r i a t i o n  in 

virulence of C. m i c h i g a n e n s e  st ra in s was o b s e r v e d  with 

strain D being the most aggressive.

Screening of tomato a c c e s s i o n s  showed cu ltivars 

"MR4", ,,C m V F 2 3 2 M * "Monense", "Ok i t susoza i No. 1-20” , 

and " B u l g a r i a ” (P. I. 324708) to possess high levels of 

re sistance to s t ra in D. The cu lt i v a r s  " B u l g a r i a "  (P.I. 

324707), "Heinz 2990", "USA-Utah", " V ic to ri a Dwarf". 

"Cer ve na Kapha", "Red Currant 1149K", and "Plovdiv 

8/ 1 2 "  (Bulgaria 12) exhibited mo de ra te resistance. 

C u lt iv ar s "Roma", "Moneymaker" and " M a r g l o b e "  were 

su sc ep t i b 1e .

Bacterial c a n k e r - s u s c e p t i b l e  tomato cultivar, 

"Moneymaker" and re si stant cu lt i v a r  "MR4" inoculated at 

transplanting w i th C. m i c h i g a n e n s e  and M. incognita 

d e ve lo pe d more s e v e r e  bacterial canker s y m p t o m s  than 

those inoculated w i t h  C. m i c h i g a n e n s e  alone.
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1. IN TRODUCTION

Tomatoes, Ly co p e r s i c o n  e s c u l e n t u m  Mill. are 

u n d o u b t e d l y  one of the w o r l d ’s most po pular vegetables. 

They are good so urces of vitamins A and C and can help 

to alleviate d e f i c i e n c i e s  of these v i t a m i n s  in many 

developing countries. In a d d i t i o n  to its nutritional 

value, w i d e s p r e a d  c u l t i v a t i o n  of tomatoes could

generate rural e m p l o y m e n t , s t im ul at e urban employment, 

expand ex po rt s and increase income of farmers

(Vi I I area 1, 1980).

Tomatoes a r e  grown in Kenya m a i n l y  for local 

co ns u m p t i o n  as fresh or pr ocessed products.

Substantial fo r e i g n  exchange has been ea r n e d  through 

export of tomatoes (Appendix I). The present

po pulation grow th rate of 4.3 percent in K e n y a  (Carrol, 

1987) and the rapidly e x p a n d i n g  tourist in dustry will 

further en hance the demand for tomatoes.

Tomato p r o d u c t i o n  in Kenya is c o n c e n t r a t e d  in 

Ea stern and Central Provinces (Appendix 2 and 3). It 

can be seen from appendix 2 that the aroa under 

tomatoes is in creasing each year a l t h o u g h  there are 

some f l u c t u a t i o n s  depending on the year and season. 

The districts of Machakos, Kiambu, Muranga, Nyeri and 

Ki ri n v a g a  prod uc e the most tomatoes.

There are many limitations to c u l t iv at io n of 

tomatoes in the tropics. P r o d uc ti on t e c h ni qu es in 

the tropics a r e  generally rudi me nt ar y and many
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important p r o d u c t i o n  inputs are lacking (Grubben, 

1977). A d e q u a t e  control of pests and diseases is 

extremely d i f f i c u l t  and, in this respect, very few 

cultivars which are adapted to the c l i m a t i c  conditions 

of the wet tropics are available. L i mi te d rese ar ch on 

pr oduction te chniques has been c a r r i e d  out. 

C o ns eq ue nt ly the level of p r o d u c t i o n  is ve r y  low.

Diseases are some of the biggest d r aw ba ck s in 

tomato p r o d u c t i o n  in Kenya. One of the diseases of 

tomatoes that has gained im portance is bacterial canker 

caused by the ba ct e r i u m  C o r y n e b a c t e r i u m  m i c h i g a n e n s e  

(E.F.Sm.) H.L. Jens. It is a severe disease of 

tomatoes and has been repo rt ed from most t o ma to growing 

areas of the world (Strider, 1969). A l t h o u g h  it is 

sporadic in occurrence, it has s i g n i f i c a n c e  because of 

its d e s t r u c t i v e  economic effects. Na t t r a s s  and 

Ci ccarone (1946) reported se v e r e  infe ct io n of as much 

as 80 percent of the crop in East Africa. Bates 

(1961) who first r e co rd ed the o c c u r r e n c e  of 

bacterial canker of tomato in Kenya re po rt ed losses 

of 50-60 percent. Losses result p r i m a r i l y  from the 

general de cline or death of v a s c u l a r l y  in fected plants 

(Bryan, 1930).

Since its di scovery in Grand R a pi ds Michigan 

(Smith, 1910), much has been learned about the causal 

organism and its r e l a t i o n s h i p  to its pr i m a r y  host, 

tomato. Bacterial canker is c o n s id er ed as one of the 

most d e v a s t a t i n g  diseases of tomatoes for several 

reasons: 1) Seeds are c a rr ie rs of the pathogen, 

2 ) the p a t h o g e n  persists in soil for several years
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(Bryan, 1930) from whence infection re a d i l y  occurs 

through wounded roots (Kendrick and Walker, 1948), 3)

the disease is spread from plant to plant in normal 

pr oduction practices such as transplanting, prunning 

and tying, 4) the o r g a n i s m  b e c o m e s  rapidly

systemic thro ug ho ut »t he va sc u l a r l y  infected plants,

5) no practical . cu r a t i v e  tr ea t m e n t  has been 

dev i sed,

6) resistance in tomato has not been found, and

7) vascularly infected young tomato plants usually die 

or become ec on o m i c a l l y  unprofitable.

So far, seed c e r t i f i c a t i o n  and tr e a t m e n t  has been 

the primary me an s of control. However, introduction 

and use of di s e a s e  re sistant cu ltivars co up le d with 

rational di s e a s e  m a n a g e m e n t  prac ti ce s might be 

instrumental in a l le vi at in g disease c o n s t r a i n t s  in

product I on of tomatoes in Ke ny a •

I t has be en found that many wilt diseases

caus ed by species o f Corynebacteriurn are

a s s o ci at ed wi t h  spec!f ic plant paras i t i c nematodes

(Hawn, 1963) . De Moura et a J. (1975) found that the

combined pathological potential of root-knot

nematodes and C. mi chi g a n e n s e  on toma to cultivar

"Manapal" was greater than their individual effects. 

Mo re work is needed to c o n f i r m  and es ta b l i s h  the 

effect that the root-knot n e ma to de s can have on 

re sistance of tomatoes to C. mi chi ganense. The

information o b t a i n e d  on ro ot-knot nematodes and

C. m i c h i g a n e n s e  interaction will be useful in

laying out control m e as ur es against the bacterial

canker disease. R o o t - k n o t  nematodes have been
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reported in all tomato prod uc in g ar ea s of Kenya 

(Madumadu, 1979). The c o m m o n e s t  r o o t - k n o t  nematode 

species found in Kenya a c c o r d i n g  to W h i t e h e a d  et al. 

(1960) are M e l o i d o g y n e  incognita and M. javanica. The 

other species are rare. The presence of root-knot 

ne matodes in the roots of infested plants is a s s o ci at ed 

with a c h a r a c t e r i s t i c  galling of the a f f e c t e d  roots. 

The plants r e m a i n  stunted and in severe ca s e s  they can 

die. Hain sw or th (1962) reported tiiat 10% of the 

agricultural p r o d u c e  of Kenya was lost due to nematode 

attacks p r i n c i p a l l y  M e l o i d o g y n e  species.

To d e v e l o p  more i n fo rm at io n on the subject of 

re sistance of tomatoes to C. m i c b i g a n e n s e , and the 

effect that the root-knot ne ma todes can have on the 

resistance, this study was initiated with the following 

main objectives:

1) To study the vi r u l e n c e  of isolates of 

Corvnebacteriurn m i c h i g a n e n s e  (E.F.Sm.) Jens. obtained 

from di fferent tomato growing areas in Central and 

Eastern pr o v i n c e s  of Kenya.

2) To e s t a b l i s h  the level of resist an ce in tomato 

cultivars from various parts of the wo rld including 

some c o m m e r c i a l l y  grown c u lt iv ar s in Kenya.

3) To study the influence of ro ot-knot nematodes 

M e l o i d o g y n e  in co gn it a (Kofoid and White) Ch itwood on 

the de ve lo pm en t of bacterial canker.



LITERATURE REVIEW

2.1 Taxonomy of Corynebacteriurn m i c h i g a n e n s e

Smith (1910) first gave this or ga ni sm the generic 

name. B a c t e r i u m  but after many more examin at io ns , Smith 

(1914) co nc l u d e d  that It was n o n - m o t i l e  a n d suggested 

the name A p l a n o b a c t e r  michi ganense. In the meantime, 

the organism had been re fe rr ed to in S t e v e n ’s (1913) 

text as P s e u d o m o n a s  m i c h i g a n e n s e t c o n f o r m i n g  to 

M i g u l a ’s (1877-1900) older c l a s s i f i c a t i o n  for bacteria 

having polar flagella. Berg ey et al. (1923) placed the 

tomato bacterial canker o r g a n i s m s  in yet a n o t h e r  genus, 

P h y t o m o n a s , w h i c h  was one of the two g e n e r a  contained 

in the tribe Erwiniae, d e s c r i b e d  as plant pathogens. 

Finally, a l t h o u g h  c o n s i d e r a b l e  c o n t r o v e r s y  still 

exists, (Clark, 1940, 1951, 1952; Conn, 1947;

Patel and Kulkarni, 1951; Jensen, 1934) d r e w  at tention 

to the basic s i m i l a r i t y  b e t w e e n  soil c o r y n e b a c t e r i a  and 

two plant p a th og en s with regards to gram r e a c t i o n  and 

ph ysiology a n d suggested that the to m a t o  canker

organism be p l a c e d  in the genus Corynebacteriurn Lehm.
%

and Heum. J e n s e n  (1934) s u g g e s t e d  the c u r r e n t  name, 

Corynebacteriurn mi chiganense.

2.2 Morphology of Corynebacteriurn

The salient features of the m o r p h o l o g y  of the 

genus Corynebacteriurn were s u m m ar iz ed by Br ee d et al. 

(1957). As is true for other members of this genus, 

C. m i c h i g a n e n s e  is c h a r a c t e r i s t i c a l l y  pleomorphic.
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Cell shape m a y  be coccoid,' e l o n g a t e d  rods, branched 

and nodular cells or minu te cells d e p e n d i n g  on the 

media upon w h i c h  the b a c t e r i u m  is grown (Jensen, 1952,* 

Ramamurthi, 1959). However, when e x a m i n a t i o n s  are made 

from fresh p r e p a r a t i o n s  taken from plant material, 

cells of C. m i c h i g a n e n s e  are c h a r a c t e r i s t i c a l l y  rod- 

shaped o c c u r r i n g  • singly or in pairs (Smith, 1910; 

Bryan, 1930; Stapp, 1930; and Ramamurthi, 1959). 

Reproduction is by binary fission, and this method of 

cell d i v i s i o n  in this genus is r e f e r r e d  to as 

''snapping" g r o w t h  which results in the cha rac t e r s t i c 

angular a r r a n g e m e n t s  of cells (Jensen, 1952).

Smith (1914) d e m o n s t r a t e d  in his p i o n ee r studies 

that C. m i c h i g a n e n s e  was gram positive, not acid fast 

and no n- sporeforming. He al so r e p o r t e d  that the 

organism was n o n - c a p s u l a t e  and no n- mo ti le . These 

ch acteristics have been co n f i r m e d  many times. Electron 

micrographs ta ken by Wakimoto, Mukoo (1968) revealed no 

f 1 ageI la.

2.3 C h a r a c t e r i s t i c s  of growth in Culture

Colony c h ar ac te r istics are variable, being 

influenced by c o n d it io ns of growth and the nature of 

the strain (Strider, 1969). A good d e s c r i p t i o n  of the 

characteristics of growth of C. m i c h i g a n e n s e  on several 

media was p r e s e n t e d  by Bryan (1930). P i g m e n t a t i o n  is 

usually in sh a d e s  of yell ow on n u t r i e n t - rich media 

(Schaad. 1980) and a n u t r i e n t - b r o t h  y e a s t  extract 

medium (NBY) is recommended as a medium of choice for
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growth, pigmentation, and c o l o n y  d i f f er en ti at ion .

2. 4 S y m p t o m a t o l o g y

Symptom e x p r e s s i o n  vari es and is in fl ue nc ed by 

various factors such as type of culture, en vi ronmental 

conditions, a g e  of plants w h e n  infected a n d  infection 

site (Strider, 1969). It is ge nerally agreed that 

wilting is the most c h a r a c t e r i s t i c  s y m p to m of bacterial 

canker; m o r e o v e r  the irregular or o n e - s i d e d  wilting of 

leaflets (Plate I) and leaves (Plate 2) is peculiar to 

this disease on tomato and is an e s p e c i a l l y  useful 

diagnostic fe at ur e (Bryan, 1930; Kotte, 1930; Orth. 

1937; C o l q u h o u n  and McCarthy, 1943; N a t t r a s s  and 

Ciccarone, 1946; Smith and Goss, 1946; Strider and 

Konsler, 1965). The di sease us ually p r o c e e d s  from the 

base of the pl an t upwards c a us in g lower leaves to die 

progressively up the stem (Smith and Goss, 1946). 

Death of ieaves is prec ed ed by a gradual wilting and 

upward rolling of leaflets c o m m o n l y  b e g i n n i n g  on single 

leaflet and on leaflets on on ly one side of af fected 

leaves. D i s e a s e d  leaflets on one side of a leaf may 

shrivel and die, while the leaflets on the other side 

remain a p p a r e n t l y  healthy. E v e n t u a l l y  the whole leaf 

shrivels and dies but does not readily b e c o m e  detached 

from the p e ti ol e which remains turgid and attached for 

considerable time afterwards.

Another c h a r a c t e r i s t i c  feature of cank er is the 

visible a p p e a r a n c e  of yellow to brown streaks in the 

w a t e r - c o n d u c t i n g  tissue of stems and p e t i o l e s  (Jones, 

1938; Smith and Goss, 1946; Nattrass a n d Ciccarone,
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1946) and re d d i s h  to brown d i s c o l o u r a t i o n  in the pith 

(Jones, 1938). Splits so me t i m e s  occur a l o n g  these 

ar ea s pr od u c i n g  cankers (Bryan, 1930), he n c e  the name 

bacterial canker. From such a f fe ct ed portions a 

y e l l o w i s h  s l i m e  may be squeezed. T h is feature 

di st i n g u i s h e s  c a n k e r  from bacterial wilt w h i c h  exudes a 

wh it e slime (Orth, 1937; Na t t r a s s  and Ciccar on e, 1946). 

The d i s c o l o u r a t i o n  is most p r o n o u n c e d  at the Junction 

of petiole a n d  stem. A cross s e ct io n at this point 

reveals a c r e s c e n t - s h a p e d  a r e a  of n e c r o t i c  vascular 

t i ssue.
• *'

• Layne an d Ra in f o r t h  (1966) r e p o r t e d  that 

s y s t e m i c a l l y  infected, g r e e n - h o u s e  g r o w n  plants 

produced m o t t l e d  and m a l f o r m e d  fruit. Surface

infection of fr uit initially ap p e a r s  as minute, white 

superficial sp o t s  which later en large b e c o m i n g  brown 

and slightly raised, s u r r ou nd ed by a white halo. These 

are known as b i r d ’s eye spots wh ic h have b e e n  described 

as an a b so lu te di ag n o s t i c  c h a r a c t e r i s t i c  of bacterial 

canker (Smith a n d  Goss, 1946).

2.5 Factors infl ue nc in g the re ac t i o n  of toma to

seedlings to infection by C. m I c h i g a n e n s e

Many factors influence the reac ti on of tomato 

seedlings to infection by C. mi ch i ganense. Most

signif ic an t ar e virulence of the bacterial strains, 

inoculation p r o c e d u r e  and dose, age of inoculated 

seedlings, temperature, soil moisture and host 

nutrition. S t r a i n s  from d i ff er en t geographical areas 

of the world have been shown to differ in vi rulence
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CThyr, 1972). Ther ef or e mo st breeders tend to use 

strains from their own area. These may have low, 

medi um or hi g h  virulence w h en Inoculated to certain 

tomato cultiv ar s.

Various in oc ulation m e th od s have been used 

involving ma ny parts of the tomato plant including 

roots, stems, petioles, leaves and cotyledons. Strider 

(1970) r e po rt ed that root i n o c ul at io n m e t h o d s  failed to 

produce u n i f o r m  infection and were judged undesirable. 

Petioles are in oculated by in tr od uc in g the bacteria 

with a c o n t a m i n a t e d  needle (Yatzynina, 1941) or by 

severing p e t i o l e s  with a scapel or pair of scissors 

p r e v i o u s l y  d i p p e d  in a bacterial s u s p e n s i o n  (Pine et 

aJ, 1955: Thyr, 1968; and Va n S t e e k e 1enburg, 1984). 

Leaves have b e en In oculated by s p r a y i n g  with a 

bacterial s u s p e n s i o n  (Layne, 1967; Strider and Konsler, 

1965). However, Ark (1944) and Grogan a n d  Kendrick 

(1953) o b t a i n e d  no infection by spraying y o u n g  tomato 

plants. A c o t y l e d o n a r y  m e th od of i n o c u l a t i o n  has been 

described by H a s s a n  et al. (1968).

Stem i n oc ul at io n has b e e n  reported as the most 

reliable (Dejong and Honma, 1976). However, Van 

S t e e k e 1enburg (1984) observed that cutting the petiole 

of the first true leaf of young p l an ts with a 

co nt am in at ed pair of scis so rs is a fast and easy 

inoculation tech ni qu e in sc re e n i n g  for re si s t a n c e  to 

systemic infe ct io n of C . mi chiganense.

Strider (1970) reported that disease deve lo pm en t
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was rapid and uniform in plants that were stem 

inoculated at 14 days of age but that di se as e

de ve lopment was slower on p l a n t s  in oc ul at ed at 28 days 

of age. Fo rster and Ec handi (1973) o b s e r v e d  that there 

were greater diff er en ce s in di sease ra ti ng s be t w e e n  

resistant and su sc eptible a c c e s s i o n s  af ter inoculating 

f ive-week-old plants.

Various day/night t e m p e r a t u r e s  have been used to 

screen tomato se edlings for r e s i s t a n c e  to C.

ml chiganense. Strider (1970) used 2 4 - 3 2 ' C  day and 18*C 

night temperature, while E m m a t t y  and J o h n  (1973) used 

2 5 * / 2 0 ' C  day and night temperatures, respectively. It. 

was o b s e r v e d  by Forster and Echandi (1973) that five- 

week -o ld plants at 2 4 * / 1 8 * C  day and night temperatures 

showed gr eater d i f f er en ce s in disease ratings than 

those at 2 0 ,/ 1 8 ,C, 2 8 ' / 1 8 #C or 3 2 #/18*C. K e nd ri ck and 

Walker (1948) observed that plants grown at op t i m u m  

soil m o i s t u r e  succumb most rapidly. Also, the di s e a s e  

is a p p a r e n t l y  favoured by a high c o n c e n t r a t i o n  of 

nutrients. T o ma to plants ha ve been r e po rt ed to prefer 

nitrate n i tr og en and at the same time C. m i c h i g a n e n s e  

growth in the plant is e n h a n c e d  by n i t r a t e  n i tr og en 

(Huber, 1980).

The optimal c o n c e n t r a t i o n  of inoc ul um depends on

the method of inoculation. With foliar application, 
0 ^

10 or more c e ll s/ cm (Basu, 1966) are ne e d e d  while use

of root canal file or a pair of s c is so rs dipped in

bacterial su sp e n s i o n  requires a c o n c e n t r a t i o n  of 10^ to 
9 * 3

10‘ c e l l s / c m  (Forster and Echandi, 1973; Van

S t e e k e 1e n b u r g , 1984).
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2.6 H os t_range

In his e a r l y  d e s c r i p t i o n  of ba cterial canker, 

Smith (1914) ci t e d  tomato (L y c o p e r s i c o n  escu le nt um ) and 

S o J a n u m  m a m m o s u m  as hosts. H a v e n  (1945) a d d e d  Solatium 

douglasii while Ark and T h o m p s o n  (1960) a d d e d  Solatium 

n i g r u m  to the hosts attacked. Hassan et al. (1968) 

d e m o n s tr at ed by c o t y l e d o n a r y  spotting a number of 

Ca ps ic um and S o J a n u m  species to be p o ss ib le hosts of C. 

michiganense. Ark (1944) r e po rt ed tree Cyphomanclra 

betacea (CaV.) Sendt. to be susceptible.

Toma to is the natural, host of C. mi chi ganense. The 

L y c o p e r s i c o n  s p ec ie s and hy br id s that have be en shown 

to be s u s c e p t i b l e  by vascular d i s c o l o u r a t i o n  or wilting 

are many (Strider, 1969). Al ex a n d e r  et al. (1942) 

d e m o n s t r a t e d  L. e s c u le nt um x L. p i m p i n e 1 1 i f o 1iurn, L. 

h i r s u t u m  M ar. g 1 abratum, L. p e r u v  iartum \lar. d e n t a t u m  

and L. p e r u v i a n u m  Var. h u m i f u s u m  to be su sc e p t i b l e  

hosts. Hass an et al. (1968) on the other hand, d e m o n 

strated L. c h e e sm an ii Riley, L. e s c u l e n t u m  Var. 

cerasiforme, L. e s c u l e n t u m  Mar. pyr i forme, L. 

e s c u l e n t u m  x L. h i r s u t u m , L. g l a n d u l o s u m  

Muller and L. h i rsuturn HBK to be su sc e p t i b l e  hosts.
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2. 7 Res 1 stance
%

2.7.1 Nature and source of r e s i st an ce

The ca us e of wilting has been a su bject of study 

by several i n v e st ig at or s (P a t i n o - M e n d e z , 1966; Rai,

1968; Rai and Strobel, 1967). Rai and Strobel (1967)
\

ch ar ac te ri ze d a toxin which was heat resistant, acid- 

labile and wa t e r  soluble po ly sa cc ha ri de, chemic al ly 

described as a g 1ycopeptide. Rai (1968) s u gg es te d that

the key mechani sm of wilting r e s u 1 ted from damage of

the ce 1 1 m e m b r a n e system and that the toxin played a

major role in d i se as e development.

A r e s i s t a n t  tomato plant must either be resistant 

to the g l y c o p e p t i d e  toxin or the ba cteria themselves. 

Acco rd in g to Thyr (1971), canker - re si s t a n t  tomato 

a c c e s s i o n s  e x p r e s s  their r e s i st an ce by limiting 

bacterial growth. The r e s i st an ce is m u l t i g e n i c  in 

nature, which is relative and not a case of immunity.

Thyr (1968, 1969) repo rt ed mode ra te r e s i st an ce in 

Utah 659, w h i c h  he desc ri be d as L. e s c u  J entum var. 

C e ra fo rm e (Dunal) A. Gray and in line G 1 4 5 6 5  described 

as L. e s c u l e n t u m  cultivar "Cer ve na K a p h a ” . Thyr also 

listed c u lt iv ar "Bulgaria 1 2 ” which was de veloped by 

Elenkov (1965) who made a cross between a resistant L. 

pi m p i n e 1 1 i f o 1i um and a s u s c e p t i b l e  L. esculentum. Thyr 

(1968, 1969) conf ir me d the high degree of resistance 

reported in this cultivar. Some degree of resistance 

occurs in other Ly co p e r s i c o n  species, p r i n c i p a l l y  in L. 

p i m p i n e 11i f o 1ium and some ut il i z a t i o n  of this
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re sistance in toma to v a r i e t i e s  has been reported. 

S t a m ov a and Y o r d a n o v  (1986) repo rt ed a high level of 

re si st an ce in "Cor ina*1, a line which r e s u l t e d  from 

cr os si ng L. p i m p i n e 1 J i f o 1iurn a n d L. racemi gerum.

2 . 7 . 2  Sc re e n i n g  for resistance

Limited u t i l i z a t i o n  of resistant v a r i e t i e s  has 

b e e n  reported. Y a t z n i n a  (1951) examined 197 varieties, 

no ne of which w e r e  immune to canker. Some c u l t i v a r s  or 

lines were found to be more resistant than others, 

though e s s e n t i a l l y  all the c u l t i v a r s  were s u s c e p t i b l e  

that is, there was no complete resistance. Th e currant 

tomatoes (L. p i m p i n e 11i f o 1iurn) examined w e re very 

resistant sh ow in g only slight sy mp to ms wh ic h di sappear 

later in the season. E l e n k o v ’s (1965) r e s u l t s  were 

similar. She r e po rt ed that L. p i m p i n e l l i f o 1 iurn was the 

o n l y  species that re co v e r e d  c o m p l e t e l y  after 

inoculation. Ma rg lo be and other c o m m o n l y  grown

va rieties have be e n  proven s u s c e p t i b l e  by o t h e r  workers 

(Bryan, 1930; Fenner, 1930; H a s s a n  et aJ. 1968).

After fa iling to find a sour ce of r e s i s t a n c e  to 

cank er in commercial v a ri et ie s of tomatoes, workers 

have a t t e m p t e d  to locate resistance in plant

In tr od uc ti on s ( P i ’s) of L y c o p e r s i c o n  e s c u i e n t u m  and 

other L y c o p e r s i c o n  species. The introd uc ti on s

(Cultivars) of L. p i m p i n e 1 JifoJium ( P i’s 126940, 

270441, 270447, and 272641) wh i c h  were e x a m i n e d  by

H a s s a n  et al. (1968) su c c u m b e d  to the di se as e in 

typical fashion. All plants inoculated ei t h e r  wilted 

or died. They further conf ir me d the findings of
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A l ex an de r et a l . (1942) in re g a r d s  to s u s c e p t i b i l i t y  of 

L y c o p e r s i c o n  species. H a s s a n  et al (1968) also 

repo rt ed finding re sistance in L . h i r s u t u m  (P.I. 

251305).

Thyr (1968, 1969) r e po rt ed a high degree of 

r e s i s t a n c e  in three L. p i m p i n e 11i f o 1ium access io ns 

d e s i g n a t e d  "U ta h 7 3 7 ” , ’’Utah 2 0 ” , and ”LA 1 2 1 5 6 L ” . 

C a n k e r  r e s i s t a n t  varieties have been de v e l o p e d  in 

R u s s i a  and B u l g a r i a  (Yatzynina, 1951; Elenkov, 1965; 

St a m o v a  and Yordanov, 1986). After the success of 

E l e n k o v  (1965) in transf er ri ng the r e s i s t a n c e  from L. 

p i m p i n e 1 1 i f o 1ium to the tomato cultivar P l o v d i v  8/12 a 

n u m b e r  of L. e s c u l e n t u m  c u lt iv ar s with r e s i s t a n c e  to 

the b a c t e r i u m  have been bred and are i n cr ea si ng ly 

b e c o m i n g  sour ce s of resistance. Included in this list 

a r e c u l t i v a r s  ”H 2 9 9 0 ” (Ematty and John, 1973); 

’’M o n e n s e ” (Laterrot et a l . 1978); ”M R 4 ” , ”C m V F 232". 

" O k i t s u  Sozai No. 1- 2 0 ” (Kuriyama and Kunlyasu, 1974); 

" C o r i n a ” (Stamova and Yordanov, 1986).

Due to the variation in vi rulence of strains of 

the pathogen, a resistant cult iv ar in one geographical 

ar ea of the w o r l d  has not n e c e s s a r i l y  been identified 

to ex hibit its resistance in other areas. B o e 1ema 

(1980) found the acce ss io n P.I. 330727 (Bul ga ri a 12) no 

mo r e  resistant than ’’Roma V F ” , a report ed ly susceptible 

cult iv ar in S o u t h  Africa. Also, due to d i f f e r e n c e s  in 

v i r u l e n c e  in s t r a in s in di ff e r e n t  geographical areas of 

the world, most breeders tend to use st ra in s from their

own areas.
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2.8 Va ri a t i o n s  in viru le nc e of C o r y n e b a c t e r 1urn strains

Several i n v e s t i g a t o r s  (Baines, 1947; Bryan, 1930; 

Fa wcett and Bryan, 1934; S t r l d e r  and Lucas, 1970; and 

Thyr, 1972) h a ve reported v a r i a t i o n s  in the virulence 

of strains of C. mi chiganense, Bryan (1930) discovered 

the non p i g m e n t e d  strain wh ich had a si mi la r virulence 

to the y e l l o w  strains. F a w c e t t  and B r y a n  (1934) 

reported a pink and white strain. The pink strain 

showed less v i r u l e n c e  when c o m p a r e d  to the yell ow and 

white strains. Bryan (1930) observed occassional 

small, round c o n v e x  colonies that never spread. This 

c o l o n y  type was pr oduced only from older c u l t u r e s  and 

was weakly v i r u l e n t  or avirulent. Jensen (1934) on the 

ot he r hand r e p o r t e d  a n o n - p a t h o g e n i c  s t ra in which grew 

mo re rapidly and whose growth was more fluidal than the 

p a t h o g e n i c  strain. It grew at a higher t e m p e r a t u r e  and 

had higher p r o t e o l y t i c  a c t i v i t y  than the pa thogenic 

strain.

Baines (1947) reported di fferential v i r u l e n c e  of a 

ba ct e r i u m  s i m i la r to C. m i c h i g a n e n s e  i s ol at ed from 

S o J a n u m  d o u g l a s i i , that re in f e c t e d  S. d o u g l a s i i  as well 

as tomato. However, a tomato strain failed to infect 

S. douglasii. M o r e  recently, Strider and L u c a s  (1970) 

showed v a r i a t i o n  in vi r u l e n c e  of C. m i c h i g a n e n s e  to 

occur on the toma to cultivar "Manapal".

Thyr (1972) compared and noticed d i f f e r e n c e s  in 

virule nc es of se ve n strains of C. m i c h i g a n e n s e  from six 

geographical a r e a s  of United States. He s u g g e s t e d  that 

highly vi ru le nt strains shou ld be e m p l o y e d  in a
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bree di ng p r o g r a m m e  so that an a c c e p t a b l e  level of 

resist an ce can be maintained.

2 . 9 Role of pl an t para si ti c n e m a t o d e s  

in bacterial d i s e a s e s

Plant p a r a s i t i c  n e m a t o d e s  are ra p i d l y  becoming 

well known for th eir being a s s o c i a t e d  with m a n y  fungal, 

bacterial and viral diseases of plants. T h e y  may act 

as initiators, co-operators, sy ne r g i s t s  or a g g r av at or s 

of fungal and bacterial diseases, e s p e c i a l l y  those of 

soil borne nature. (Holdeman, 1954; Pitcher, 1961; 

Powell, 1961; Raski and Hewitt, 1961). Far more work 

has al r e a d y  been done on inte ra ct io n be t w e e n  nematodes 

a n d fungi. By contrast, w o r k  on n e m a t o d e - b a c t e r i a  

r e l a t i o n s h i p s  has been sparse and sporadic. Re la ti ve ly 

few bacterial d i se as es a s s o c i a t e d  with n e m a t o d e s  have 

b e e n  investigated.

The e a r l i e s t  published wo rk seems that of Hunger 

(1901) who showed that to matoes were r e a d i l y  attacked 

by P s e u d o m o n a s  s o J a n a c e a r u m  in n e m a t o d e - i n f e s t e d  soil, 

but remained h e a l t h y  in n e m a t o d e - f r e e  soil. In 1926, 

C a m e  reported on laboratory and field work which 

indicated that A n g u i n a  tritici acted as a v e ct or of the 

wh e a t  pathogen C o r y n e b a c t e r i u m  tritici. Ten years 

later, Ark and Thomas (1936) suggested that the 

n e m a t o d e  now k n o w n  as P r a t y l e n c h u s  p e n e t r a n s  enabled 

o t h e r w i s e  harmless bacteria to damage roots of apple. 

In the same year, Ka linenko (1936) stated that three 

nema to de species were p e r f o r m i n g  a similar role on 

roots of two ru b b e r - b e a r i n g  plants, but in this case
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the bact er ia w e r e  shown harmful to roots in the absence 

of nematodes.

In their studies, Lucas et al. (1955); and Stewart 

and S c hi nd le r (1956) r e p o r t e d  that e n d o p a r a s i t e s  of 

roots tie 1 oido g y ne spp. a s s i s t  in d e v e l o p m e n t  of 

T o b a c c o - G r a n v i 11e wilt c a u s e d  by P s e u d o m o n a s  

s o l a n a c e a r u m  a n d C a r n a t i o n  wilt ca u s e d  by P. 

ca ry o p h y l l i  by wounding. The ba ct er ia P. s o l a n a c e a r u m 

and P. c a r y o p h y l l i  are e n d o p a r a s i t i c  vascular 

pathogens, c a p a b l e  of e n t e r i n g  the h o st through

mechanical wounds. Lucas et al (1955) f u rt he r stated 

that the n e m a t o d e s  act as incitants, p r e s u m a b l y  as 

wo u n d  agents; but they m a y  also act in other 

capacities, for the most e f f i c i e n t  in ci tants a p p a r e n t l y  

a r e  the r o o t - k n o t  nematodes wh i c h  feed in the vicinity 

of the v a sc ul ar tissues, caus in g marked c h a n g e s  in host 

c e l  I s .

In his report, Pitcher (1963) s t at ed that all 

n e ma to de s p u n c t u r e  plant ce lls to feed and so can act 

as inoculants, but the m i c r o p u n c t u r e  made by a nematode 

stylet is not the type of wo un d most likely to favour 

the entry of bacteria, which enter more re a d i l y  through 

gross wounds, such as those made by biti ng insects or 

mechanical injuries. He further stated that the 

feeding of e c t o p a r a s i t e s  r e s e mb li ng that of aphids, 

seems better adapted to virus transfer; but 

e n d o p a r a s ! t e s  en tering the host body and perhaps, 

caus.ing local necrosis seem better suited to aid 

e s ta bl is hm en t of bacteria. Hugh and Powell (1968) 

suggested that attention should be given to
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physiological c h a n g e s  In n e m a t o d e  Infected plants when 

disease i n t e r a c t i o n s  are studied. On their study of 

the influence of c e rt ai n M e l o i d o g y n e  spp. on F u sa ri um 

wilt d e v e l o p m e n t  in f l u e - c u r e d  tobacco, Porter and 

Powell (1967) found that mo rp h o l o g i c a l  ch an ge s such as 

h y p e r t r o p h y  and h y p e r p l a s i a  a c c o m p a n i e d  by 

physiological alte ra ti on s, may play some role in 

pr ed i s p o s i n g  p l a n t s  to F u s a r i u m  wilt development. They 

al s o  found that the co nt en ts of infected giant cells 

d e g e n e r a t e d  f o l l o w i n g  bacterial invasion, leaving 

virt ua ll y em p t y  cells. P r e s u m a b l y  this c o u l d  be duo to 

the pres en ce of ma te r i a l s  in these tissues more easily 

u t il iz ed in bacterial m e t a b o l i s m  than m a t e r i a l s  found 

in normal plant tissues.

•

Ac co rding to Pitcher (1963) one should not 

o v e r s t r e s s  the aspect of mechanical injury because 

biochemical or physiological changes b r o u g h t  about in 

host by the nema to de s may be of equal or greater 

im portance than the mere i n tr od uc ti on of the bact er iu m 

into the s u s c e p t i b l e  tissues of the host. Specific 

n e ma to de s are a s s o c i a t e d  wi th many wilt a n d  root rot 

diseases ca u s e d  by species of C o r y n e b a c t e r  ium (Hawn, 

1963); F u s a r i u m  (Binder and Hutchinson, 1959; Bowman 

and Bloom 1966); P h y t o p h t h o r a  (Wyllie and Taylor, 

1960), and m a n y  other fungi and bacteria. In their 

study on in te r a c t i o n  of M e l o i d o g y n e  and C. 

michiganense, De Moura et al (1975) stated that, though 

both p a th og en s can be very d e s t ru ct iv e when acting 

alone, their c o mb in ed pathological potential may be 

far greater than their individual effects.
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More work is needed to confirm and establish the 

effect that n e m a t o d e s  can have on the d e v e l o p m e n t  of 

plant d i se as es caused by o t h e r  pathog en s. This 

in fo rm at io n will- be useful in laying o u t  control 

st ra te gi es for the di sease in question.
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3. M A T E R I A L S  AND M E T H O D S

3.1 So urces of C o r y n e b a c t e r 1 urn m i c h i g a n e n s e  Isolates

isolates of C o r y n e b a c t e r 1 um m i c h i g a n e n s e  used in 

these studies were o b t a i n e d  from some of the main 

toma to growing regions of Central and E a s t e r n  Provinces 

of Kenya, r e p r e s e n t i n g  va r y i n g  ecological conditions 

(Table 1), Is olation was made from n a t u r a l l y  infected 

tomato (L y c o p e r s i c o n  e s c u J e n t u m  Mill) p l an ts growing in 

f a r m e r s ’ fields and at the Fi el d St at io n farm (Kabete) 

of the U n i v e r s i t y  of Nairobi. A total of 10 isolates 

we r e  used, all of wh ich were collected duri ng the

pe r i o d  be t w e e n  July and S e pt em be r 1987. T h e  isolates 

w e re d e s i g n a t e d  with d i f f e r e n t  letters (A to J)

d e p e n d i n g  on their area| of origin.

3 . 2  Isolation a n d storage of isolates

To isolate bacteria from the host, p a r t s  of the 

stem of Infected plant material s h o w in g vascular

d i s c o l o u r a t i o n  were cut. The pieces w e r e  surface

s t e r i l i z e d  by immersing in 70% alcohol and flaming 

them. The piec es were placed on a st erile petri dish 

and a s e p t i c a l l y  cut into small pieces in sterile

d i s t i l l e d  water. They were then m a c e r a t e d  using a

st erile glass rod. The bacterial s u s p e n s i o n  was then 

st reaked on n u tr ie nt broth ye a s t  extract agar (NDY) 

m e d i u m  (Appendix 4), and incubated at 2 7 *C. The
i

bacterial c u l t u r e s  were pu r i f i e d  by a series of single 

c o l o n y  tran sf er s and m a i n t a i n e d  in ye as t extract 

d e xt ro se c a l c iu m carbonate agar (Appendix 4) slants at 

4 * C .
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Table 1: Areas of origin of Corynebacteriurn mi chiganense

isolates and thei r climatological conditions.

Area of origin Isolate Altitude Mean annual Mean annual

(m) Rainfa11 temperature

(mm/yr) (*C)

Na i robi (Kabete) A 1910.7 1028 18. 1

Machakos (Yatta) B 1230 841 20.0

Kiambu (Klambaa) C 1650 1014 19.0

Kiambu (Kiambaa) D 1650 1014 19.0

Nyeri (Mathira) E 1914 1152 16.8

Machakos (Yatta) F 1230 841 20.0

Kirinyaga (Kibirigwi) G 1394 977 21.0

Nyeri (Mathira) H 1814 1152 16.8

Kiambu (Kiambaa) I 1650 1014 19.0

Muranga (Kandara) J 1590 1175 20.0

Source of climatological data: Farm Management handbook of Kenya

(Natural conditions and farm management information); and Meteorological 

office (University of Nairobi’s field Station - Kabete)
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3.3 Id e n t i f i c a t i o n  of Isol at es

The is olates were i d e n t i f i e d  as C o r y n e b a c t e r i u m

m i c h i g a n e n s e  (E.F. S m . ) Jens, by s u b j ec ti ng them to the 

fo llowing tests;

3.3.1 Cultural c h a r a c t e r i s t i c s  of the Isolates

S u s p e n s i o n  of pure c u l t u r e s  of each isolate were 

stre ak ed on NBY m e di um in petridishes, incu ba te d for 48 

hrs at 27 *C and then colo ni es were o b s e r v e d  visually 

for a p p e a r a n c e  in colour, form, elevation, ma r g i n  and 

growth.

3 . 3 . 2  Gram stain, acid-fast test and cell m o r p h o l o g y

Young a c t i v e l y  g r o w i n g ‘24 hr old c u l t u r e s  were 

used to pr e p a r e  smears on m i c r o s c o p e  slides. The 

st ai ni ng p r o c e d u r e s  used for bo th tests are o u tl in ed in 

R i t c h i e  et al. (1976) paper. During e x a m i n a t i o n  of the 

slides, note was taken of the size, shape and

a r r a n g e m e n t  of the cells.

3. 3. 3 Bioc he mi ca l tests

3.3.3.1 C a t a l a s e  test

To de mo n s t r a t e  the pr es e n c e  of c a t a l a s e  in the 

isolates, a loopful of a 48 hr culture was plac ed on a 

cl ea n m i c r o s c o p e  slide, then a drop of 3% hydrogen 

pero xi de was ad d e d  using a dropper. A positive 

reaction was indicated by pr od u c t i o n  of gas b u b b l e s .
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In the reaction, catalase e n h a n c e s  the p r o d u c t i o n  of 

o x yg en from h y dr og en peroxide.

3. 3 . 3 . 2  F e r m e n t a t i o n  of Sugars

Test on f e rm en ta ti on of c a r b o h y d r a t e s  was 

ca rried out by the use of n u t r i e n t s  broth as a basal 

me d i u m  comp os ed of beef e x t r ac t (3.0 g) p e p t o n e  (10.0 

g) and d i st il le d water (1 litre). The s u ga rs tested 

included sucrose, lactose, glucose, mann it ol and 

arabinose. Th e s e  were added at a rate of 0. 5% into 

separate conical flasks c o n t a i n i n g  the basal medium. 

After dissolving, the pH was a d j u s t e d  to 7 . 0 by use of 

0 . 5N NaOH. Fi ve mi llilitre a l i q u o t s  of test media

we re poured into small s c r e w - c a p p e d  bottles. These

we re st erilized and the me di a a l l o we d to set. Each 

b o t t l e  was inoculated with a pure c u l t u r e  of each 

isolate. The results were noted after 14 days 

in cu ba ti on at 27*C. F e r m e n t a t i o n  was in dicated when 

the medium turned yellow.

3 . 3 . 3 . 3  Ox i dase test

The m e t h o d  of Kovacs (1956) was used to test 

for the p r e s e n c e  of oxidase in the bacterial isolates. 

The test d e p e nd s on the p r es en ce in ba ct e r i a  of certain 

oxidases that ca talyse the transport of electrons 

be t w e e n  donors in the ba ct e r i a  and a redox dye-tetra

m e t h y l - p - p h e n y l e n e - d i a m i n e .  The dye is reduced to a
\

d e e p  purple c o lo ur in positive tests. W h a t m a n ’s No. 1 

filter papers were soaked in a freshly pr epared 1% 

s o lu ti on of t e t r a m e t h y 1- p - p h e n y 1ene- di am in e d i h y d r o 
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chloride. The colo ny to be tested was p i ck ed with a 

st erile w i r e - l o o p  and s m e a r e d  on the mo i s t  area. A 

po si ti ve r e a c t i o n  was in di c a t e d  by an a p p e a r a n c e  of an 

intense d e e p - p u r p l e  colour a p p e a r i n g  w i t h i n  5-10 

s e c o n d s .

3 . 3 . 3 . 4  Trip he ny l te tr az ol iu m c h lo ri de test
»

The bacterial is olates were tested for 

t o le ra nc e on n u tr ie nt agar c o n t a i n i n g  2% triphenyl 

t e t r a z o l i u m  c h l o r i d e  (TTC). 5 spot i n o c u l a t i o n s  on TTC 

a g ar m e d i u m  were made for each isolate. In cu b a t i o n  was 

d o n e  at 27*C a n d  o b se rv at io ns of growth w e r e  recorded 

a f t e r  3-5 d a y s .

3 . 3 . 3 . 5  S o di um chloride t o le ra nc e

Each isolate was stre ak ed in n u t r i e n t  agar 

c o n t a i n i n g  1, 3, and 5% (W/V) sodi um chloride. 

In cu ba ti on was done at 27'C and o b s e r v a t i o n  of growth 

m a d e  at 7 and 14 days after inoculation.

3.3. 4 P a t h o g e n i c i t y  test

T o ma to c u 11 i var "Moneymaker " wh ic h ha s been

grown in Ke ny a for a numb er of years and found

s u s c e p t i b l e  in the field (Madumadu, 1985) was used in

this ex pe r i m e n t  . " M o n e y m a k e r " is an indeterminate, 

vigo ro us g r e e n h o u s e  tomato wi th small to m e d i u m  sized 

round fruits. The seeds used in this e x p e r i m e n t  were 

o b ta in ed from Kenya Seed Company. Seed 1 ings were 

raised in w o o d e n  flats using sterile p o t t i n g  soil
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m i x t ur e of c o m p o s i t i o n  shown in Appendix 4. Two weeks 

after seeding, se ed l i n g s  were indi vi du al ly tr an s p l a n t e d  

into 15 cm d i a m e t e r  p l as ti c po ts filled w i t h  sterile 

po tt in g soil mixture.

The pott ed se edlings w e r e  kept in a greenhouse 

w i th air t e m p e r a t u r e s  ra n g i n g  26 -3 7* C du r i n g  the day 

and 1 4 - 1 7 ‘C at the night. The plants w e r e  watered 

re gu l a r l y  and t o p d r e s s e d  once every week u s i n g  calcium 

a m m o n i u m  n i t r a t e  (CAN) fertilizer. The ten isolates 

d e s c r i b e d  in T a b l e  1 (Section 3.1) were us e d  in this 

study.

3.3. 4. 1 Inoculum pr ep ar at io n

Inoculum s u s p en si on s were p r e p a r e d  by 

s u s p e n d i n g  the bacteria in sterile s a l i n e  solution 

(0.85X NaCl) from 48 hr old cultures g r o w n  on NBY 

medium. The suspensions were then adju st ed

t u r b i d i m e t r i c a 1 1 y using a sp ectronic 2 0  s p e c t r o 

p h o t o m e t e r  (Baush and Lomb C o . ) at 620 nm to a c o n c e n 

trat io n of a b o u t  107 colo ny forming units (CFU) per 

mi 1 1i 1i tre.

3 . 3 . 4 . 2  I n oc ul at io n pr oc edure

Three week old se ed l i n g s  were in oculated with 

ea c h  bacterial isolate. Inoculation was made by 

cu tt in g the p e t i o l e  of the first true leaf near the 

stem with a pair of s c is so rs previously dipped in 

bacterial suspension.



26

3. 3.4.3 Di s e a s e  a s s e ss me nt

Plants showing the c h a r a c t e r i s t i c  symptoms 

of bacteria) c a n k e r  after 2-3 weeks of i n o c u l a t i o n  were 

c o n s i d e r e d  diseased. The s y m p t o m s  included unilateral 

wilting of leaflets, canker f o rm at io n on the stem and 

petiole and v a s c u l a r  di sc ol ou ra ti on.

3.4 Virulence of Corynebacteriurn Isolates on 

L y c o p e r s i c o n  e s c u l e n t u m

The s u s c e p t i b l e  tomato cu lt iv ar " M o n e y m a k e r ” and 

the ten bacterial isolates d e s c r i b e d  in T a b l e  1 were 

used in this experiment. Ra ising of seedlings, 

inoculum p r e p a r a t i o n  and in oc u l a t i o n  p r o c e d u r e  was the 

same as d e s c r i b e d  in Se ction 3.3. Ten, t h r e e - w e e k - o 1d 

s e ed li ng s of " M o n e y m a k e r ” we re in oculated with each
7

isolate at in oculum c o n c e n t r a t i o n  of 10 cells per 

millimetre. A c o m p l e t e l y  r a n d om iz ed d e s i g n  was used 

with ten r e p l i c a t e s  per treatment. The e x p e r i m e n t  was 

co nd u c t e d  in the gr ee nh ou se with air te mp er at ur es 

ranging 2 9 - 3 5 ’C during the d a y and 1 4 -1 6* C at night. 

From this experiment, the most virulent isolate was 

e s t a b l i s h e d  a n d c o n s e q u e n t l y  used in s c r e e n i n g  for 

resist an ce of toma to cu l t i v a r s  to C. mi chiganense.

3.4.1 Rating P r o c e d u r e

The se ed l i n g s  were scored 28 days after 

inoculation. A slight m o d i f i c a t i o n  of the disease 

index of F o rs te r and Echandi (1973) was used. This 

involved the use of the wi lting symptoms as indicated 

be 1ow.
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1 = No w i l t i n g

2 = Less than half the leaves wilted

3 = Half to t h r e e - q u a r t e r s  of the leaves wilted

4 = More than t h r e e - q u a r t e r s  of the leaves

wi l t e d  but the terminal leaves of the main 

shoot not wilted

5 = Term in al leaves of main shoot and most other

leaves wilted or dead.

3.5 S c re en in g of tomato cu l t i v a r s  for r e s i s t a n c e  

to C o r y n e b a c t e r i u m  m i c h 1ga ne ns e

Twel ve to m a t o  cultivars reported as re si s t a n t  to
f

C. m i c h i g a n e n s e  and three c o m m e r c i a l l y  grown cultivars 

"Moneymaker", " M a r gl ob e" and "Roma" were us e d  in this 

experiment. " M o n e y m a k e r "  serv ed as a s u s c e p t i b l e  

control cultivar. The cu l t i v a r s  are d e s c r i b e d  in Table
, t

2 .
3.5.1 Sources of seeds, raising of s e e d l i n g s 

and i n o c u 1 a t i on

Seeds of reportedly resistant c u l t i v a r s  were 

obtained from National Horticultural R e s e a r c h  Station, 

Thika. Seeds of commercial cu ltivars we re obtained 

from Kenya Seed Company. Se edlings of the test 

material were raised in flats and t r an sp la nt ed to 

pl as ti c pots as described in Section 3.3.4. Ten three- 

week s- ol d se ed l i n g s  of each cultivar were inoculated 

with the most virulent isolate of C. m i c h i g a n e n s e  

obtained from the experi me nt on v i r u l e n c e  of C.
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m i c h i g a n e n s e  isol at es on s u s c e p t i b l e  cultivar, 

"Moneymaker". T h e  se ed lings were i n o c u l a t e d  using 

inoculum c o n c e n t r a t i o n  of 1 0 7 cells per millimetre. 

The ex pe ri me nt was laid out in a c o m p l e t e l y  random iz ed 

design. The p o tt ed s e e d l i n g s  were kept in the 

g r e e nh ou se with a i r  t e m p e r a t u r e s  ranging 3 i - 3 7 #C during 

the day and 1 2 - 1 6 * C  at night.
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Table 2: Tomato c u l t i v a r s  scre en ed for resist an ce to

C o r y n e b a c t e r i u m  mi chi g a n e n s e

C u 1t i var R e po rt ed level 

of r e s i st an ce

R e f e r e n c e

Mo ne y m a k e r Suscept i b 1e -

P l o v di v 8 / 1 2 re sistant E 1enkov C1965)

MR/* res i stant Forster and 

Echand i C 1975)

Cm V F 232 res i stant K u r i y a m a  and 

K u n i y a s u  C1974)

H 2 9 9 0  ( P . I .330727) resistant Ematty a n d  John C1973)

M o n e n s e res i s tant B o e 1ema C1980)

O k i t s u  Sozai No. 1-20 res i s tant B o e 1ema C1980)

V i c t o r i a  Dwarf No. 1 res i stant -

B u i g a r i a  C P . I .324707) res i s tant -

B u i g a r i a  C P . I .324708) res i stant -

C e r v e n a  K a p h a C P . I.34095) res i s tant Thyr C1969)

Red C u r r a n t  1149K

(P. I .344102) res i stant Thyr C1969)

U S A - U t a h  C P . 1.344103) res i stant Thyr (1976)

Ma r g 1obe Suscpe t i b 1e _

Roma Su sceptlb 1e -
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3. 5.2 Rating P r o c e d u r e

The p l a n t s  were s c o r e d  28 d a y s  after 

i n o c ul at io n us i n g  the sc oring p r o c e d u r e  d e s c r i b e d  in 

Sect ion 3.4.

3. 5 . 2 . 1  Rating the level of r e s i s t a n c e

The f o l l o w i n g  a r b i t r a r y  scales w e r e  used to 

rate the level of re si st an ce of the tomato c u l t i v a r s  to 

C. m i c h i g a n e n s e

Me an s e v e r i t y  score

1.0 - 1.9

2.0 - 2.5

2.6 - 5.0

Level of r e s i s t a n c e  

High r e s i s t a n c e  

Mode ra te r e s i s t a n c e  

S u s c e p t i b l e

3. 6 Influence of M e l o i d o a v n e  incognita on the 

d e v e l o p m e n t  of bacterial canker in toma to

3.6.1 Sour ce of M. Incognita Inoculum

He a v i l y  galled roots of the t o m a t o  cultivar 

" M o n e y m a k e r ” w e r e  obtained from tomatoes gr ow n under 

field c o n d i t i o n s  at the Field Station ( K a b e t e ) . The 

infected roots were th or o u g h l y  washed wi th tapwater. 

Egg masses of Me 1 oidogyrte sp. were h a n d p i c k e d  from 

the infected roots placed under s t e r e o s c o p i c  

microscope. The mature females bearing the respective 

e g gm as se s were ex tracted and used to cut the perineal 

patterns for id en ti f i c a t i o n  purposes. All the patterns 

cut revealed that the n e ma to de s were M e J o i d o g y n e
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i n c o g n i t a . The eggm as se s of M. i n c o g n i t a  were

incubated under water in w a t c h g l a s a e s  at 2 7 * C  for three 

days. F r e s h l y  hatched larvae of M. i n c o g n i t a  were 

o b s e r v e d  using a s t e r e o s c o p i c  m i c r o s c o p e  a n d  a known 

c o n c e n t r a t i o n  m a d e  by di l u t i n g  the original su sp e n s i o n  

to the r e qu ir ed c o n c e n t r a t i o n  of 1000 larvae per 5 ml 

of water. The s u s p e n s i o n  was appl ie d to the roots of 

fi f t e e n  t h r e e - w e e k - o 1d s e e d l i n g s  of su sc e p t i b l e  

cu l t i v a r  ,,R u t g e r s ,, grown in 15 cm diameter p l a s t i c  pots 

c o n t a i n i n g  s t e r i l i z e d  soil m e d i a  of c o m p o s i t i o n  shown 

in A p pe nd ix 4. The s e e d l i n g s  were kept in the

g r e e n h o u s e  and r e gu la rl y watered. After two and half 

m o n t h s  the infe ct ed roots we re used as source of 

inoculum of M e l o i d o g y n e  i n c o g n i t a .

3 . 6 . 2  Raisi ng se edlings of "Moneymaker*1 and "MR4"

C a n k e r - s u s c e p t i b l e  c u lt iv ar "Money ma ke r" , and 

r e s i s t a n t  c u l t i v a r  "MR4" were grown from seed in wooden 

flats filled w i t h  sterilized soil mixture (Appendix 4). 

T h e y  were tr an sp la nt ed when 14 days old into 5-cm 

d i am et er pots co nt a i n i n g  the same type of soil mixture 

used in wood en flats.

3 . 6 . 3  P r e p a r a t i o n  of inocula of C. mi c h i e a n e n s e  and

M. incogni ta

Inoculum of the v i ru le nt isolate D of C. 

mi c h i g a n e n s e  was prepared following the method 

de s c r i b e d  in 3.3.4. Inoculum of M. in cognita was 

prepared by thorou gh ly wa shing the heavily gall ed roots 

of tomato c u lt iv ar " R u t g e r s ” . The roots were cut
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into small pi e c e s  and plac ed in water c o n t a i n e d  in 

watchglasses. Af t e r  3 days of i n c u ba ti on at 27*C, 

nu merous f r e s h l y  hatched larvae of M. I n c o g n i t a  were 

observed. R e q u i r e d  c o n c e n t r a t i o n  of 1000 larvae per 5 

ml of water was ma de using the di l u t i o n  method.

3. 6 . 4  In oc u l a t i o n  procedure

After five weeks, " M o n e y m a k e r ” and M MR4" plants 

were t r a n s f e r r e d  with soil and roots intact into the 

same type of soil mixture (Appendix 4) c o n t a i n e d  in 15- 

cm d i am et er p l a s t i c  pots. Just before tr an splanting, 5 

ml su sp e n s i o n  c o n t a i n i n g  1000 larvae was a d d e d  around 

the roots. P l a n t s  were then plac ed in the ho le made to 

re ce iv e the intact root system, and soil p r e s s e d  around 

the roots. Control plants were si milarly treated, but 

rece iv ed no nematodes. Plants were i n o c u l a t e d  with C. 

mi c h i g a n e n s e  by cutting the pe ti ol e of the first true 

leaf using a pair of scissors p r e v io us ly d i p p e d  in C .
7

mi c h i g a n e s e  s u s p e n s i o n  c o n t a i n i n g  10 cells/ml. Ten 

plants were u t i l i z e d  per tr eatment in all the 

experi me nt s. T r e a t m e n t s  c o ns is te d of:

1) C. mi c h i g a n e n s e  alone

ii) C. m i c h i g a n e n s e  plus M. incognita

iii) M. i n co gn it a alone

iv) non inocul at ed control

The t r e a tm en ts were laid out in a co mpletely 

r a n d om iz ed de s i g n  in a gr ee nh ou se with air te mp eratures 

ra nging b e t w e e n  31-3 7' C during the day and 1 4 - 1 6 ’C at 

night. Plants we re watered regu la rl y with tapwater and



33

topdressed using CAN fertilizer.

3 . 6 . 5  Rati ng p r o c e d u r e s

Two m e t h o d s  of rating the di sease s e v e r i t y  were

used:

\

i) The p e r c e n t a g e s  of s e e d l i n g s  with a s c o r e  of 3 or 

more (using the s c or in g proc ed ur e d e s c r i b e d  in 

S e c t io n 3.4) were taken 29 days, 31 days, 33 days 

and 35 da ys after inoculation.

ii) D e t e r m i n a t i o n  of L i ne ar extent of internal 

vascular d i s c o l o u r a t i o n  (LE1VD) 35 days after 

inoculation. This me t h o d  used by Thyr (1971) 

involved the cutting of the stems lo n g i t u d i n a l l y  

and m e a s u r e m e n t s  taken of the extent of vascular 

d i s c o l o u r a t i o n  from the point of inoculation. The 

heights of the plants we r e  also me asured. The two 

pa ra m e t e r s  were used to ca lculate X LE1VD as 

f o i l o w s :

X LEIVD = L E I V D  x 100 

Pl a n t  height
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4. R E S U L T S

4. 1 I d e n t i f i c a t i o n  of is olates

. \
4.1.1 Cultural c h a r a c t e r i s t i c s  of Isolates

Co l o n y  g r o w t h  of the 10 isolates on N B Y  agar was 

moderate, smooth, convex and pale y e l l o w  in colour
I

af te r 48 hr. W i t h  time, they b e ca me de e p  ye 1 low, opaque 

and glistening. Al t h o u g h  all the isol at es exhibited 

the c h a r a c t e r s t i c s  desc ri be d above, the c o l o r a t i o n  was 

in shades of yellow. Isolates A, C, D a n d  E were 

yellow, wher ea s the rest were de e p  ye l l o w  7 days after 

culturing. T h e r e  was v a r i a t i o n  in the rate of growth 

a m o n g  the isolates. Isolates B, C, E and J grew faster 

than Isolates, A, D, F and I which e x h i b i t e d  mo derate 

growth, and isol at es G and H w h i c h  showed s l o w  growth.

4 . 1 . 2  Gram stain, acid-fast test and cell m o r p h o l o g y

All the isolates were g r a m - p o s i t i v e  and not 

acid-fast. M i cr os co pi ca l e x a m i n a t i o n  of the prepared 

slid es of the isolates under oil i m m e r s i o n  revealed 

that the ce ll s were short, slender and p l e o mo rp hi c 

rods, oc cu r r i n g  singly or in pairs.

4. 1 . 3  Bi oc he mi ca l tests

A s u m m a r y  of the results of bi oc hemical tests 

obtained, using 10 bacterial isolates is p r es en te d on 

Ta bl e 3.
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Ta b l e  3: R e a c t i o n  of 10 ba cterial isolates and expected 
reactions of C o r y n e b a c t e r i u m  mi c h i g a n e n s e  to some 
biochemical tests

B i ochem i c a 1 
Tests

R e a c t i o n  of 
10 Isol at es

E x p e c t e d  
r e a c t i o n  of
C. michi ga ne ns e

C a t a l a s e  r e a c t i o n ♦ +

O x id as e r e ac ti on

F e r m e n t a t i o n  of 

c a r b o h y d r a t e s :
•

Su crose ♦

La ctose +

G 1ucose •f +

Arab i nose ♦ +

Ma n n  i to 1 +

TTC tolerance +

NaCl tolerance

1% NaCl + +

3% NaCl +_

5% NaCl *• —

D e s c r i p t i o n  of 

+ = pos i t i ve

= negative

s y m b o 1s : 

react i on 

react i on

+_ = variable reaction

UNIVERSITY OF NAIROb* 
LIBRARY
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4.1.3.1 C a t a l a s e  test

A d d i t i o n  of hydrogen p e r o x i d e  on the 48 hr old 

c u l t u r e  of all the isolates was a c c o m p a n i e d  with an 

e f f e r v e s c e n c e  w h i c h  lasted for about 3 minutes. The 

c a t a l a s e  e n zy me conv er te d H2 O 2 to o x yy ge n and water. 

T h e ap pe ar an ce of a gas (oxygen) was c o n s i d e r e d  a 

po s i t i v e  c a t a l a s e  test.

1
4 . 1 . 3 . 2  F e r m e n t a t i o n  of sugars

All the sugars tested gave a p o s i t i v e  test for 

all the ten isolates. F e r m e n t a t i o n  was i n d i c a t e d  when 

the medium c o n t a i n i n g  either of the s u g a r s  sucrose, 

lactose, glucose, ar abinose and mannitol t u rn ed yellow. 

T h e r e  was a v a r i a t i o n  in the f e r m e n t a t i o n  rate among 

the isolates.

4.1.3.3. O x i d a s e  test

There was no colour change on the filter 

p a pe rs i m pr eg na te d with 1% tetram et hy 1- p - p h e n y 1ene- 

d i a m i n e  d i h y d r o c h 1 oride a f t e r  smearing them with 

cu lt ur es of all the isolates, i n d i c a t i n g  negative 

tests.

4. 1 . 3 . 4  Trlphenyl te tr azollum ch loride test

All the isolates we re able to grow on TTC 

agar. A v a r i a t i o n  in rate of growth among the isolates 

was observed.

/
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4 . 1 . 3 . 5  Sodium c h l o r i d e  tole ra nc e

There was no growth r e s t r i c t i o n  on nutrient 

ag ar c o n t ai ni ng IX NaCl. Ho w e v e r  growth of isolates B 

a n d F was r e s t r i c t e d  at 3% NaCl. Isolates B, F and G 

s h ow ed no g r o w t h  at 5X NaCl, but the rest of the 

isolates e x h i b i t e d  restricted growth.

4. 1 . 4  P a t h o g e n i c i t y  test

Most of the plants i n o c u l a t e d  w i th bacterial 

Isolates showed unilateral wi l t i n g  of the leaflets 

(Plate 1) 2 weeks after inoculation. P l a n t s  inoculated 

w i th isolates D and F showed the sy mptoms m u c h  earlier 

than the rest. The plants sh o w e d  ir r e g u l a r  or o n e 

sided wilting of the leaves (Plate 2) 3 w e e k s  after 

inoculation. C a n k e r s  were o b s e r v e d  al on g the stems and 

petioles (Plate 3) of the d i s e a s e d  plants. When the
l

stems of the d i s e a s e d  plants w e re cut lo ngitudinally, a 

dark brown v a sc ul ar d i s c o l o u r a t i o n  was o b s e r v e d  which 

exte nd ed from the point of in oc u l a t i o n  (Plate 4). All 

the isolates w e r e  pathogenic, to the t o ma to cultivar 

" M o n e y m a k e r ".
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Pl a t e  1: T o m a t o  cultivar "M oneymaker" (A) non-

inoculated control, and (B) seed li ng s h o w i n g  unilateral 

wi lting of leaflets "C” 2 weeks after i n o c u l a t i o n  with 

Isolate D of C. mi chi ganense
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P l a t e  2. To m a t o  C u l t i v a r  " M o n e y m a k e r " (A) 

Non-i n o c u 1 a ted control, and (B) S e e d l i n g  showing 

irregular on e- s i d e d  wilting of leaves three weeks after 

in oc ul at io n wi th isolate D of C. mi chiganense.



Pl ate 3; P a r t  of the tomato plant, Cultivar 

’’M o n e y m a k e r ” s h o w i n g  (A) C a nk er formed on the stem and 

(B) Canker formed on the leaf petiole four weeks after 

inoculation with Isolate D of C. m i chi garter) se
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Pl a t e  4. Lo ngitudinal s e c t i o n  of the stem of tomato 

plants, c u l t i v a r  " M on ey ma ke r" (A) n o n - i n o c u 1 a ted 

control (B) the d i s c o l o u r a t i o n  of vascular tissues and 

the pith four we e k s  after in oc ul at io n with isolate B of 

C. mi ch ig an en se
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4.2 V i r u l e n c e  of C o r y n e b a c t e r  1 urn isolates 

on L v c o p e r s i c o n  e s c u J e n t u m

The r e s u l t s  of the v i r u l e n c e  of the ten isolates

of C. m i c h i g a n e n s e  on s u s c e p t i b l e  cultivar "Mon ey ma ke r"

are shown in T a b l e  4 and g r a p h i c a l l y  in F i g u r e s  1 to

10. Bacterial is olate D had the highest m e a n  severity

sc or e of 3 . 8 (Table 4, Figu re 4) with no pl a n t  falling%
in s e v e r i t y  c l a s s  1. 40% of plants in oc ul at ed with

Isolate D had the highest sc or e of 5 wh ic h means the 

leaves i n c l u d i n g  the growing point were all wilted or 

the plant was dead. In de sc e n d i n g  order of 

a g g r e s s i v e n e s s ,  isolate F foll ow ed is olate D with a 

m e a n  s e ve ri ty score of 3.4 (Table 4, Figure 6); 

fo ll ow ed by is ol at e H (mean s c o r e  2.4, T a b l e  4, Figure 

8); B (mean sc o r e  2.2, F i gu re 2); A (mean score 2.1, 

F i g u r e  1); C (mean score 2.1, Figu re 3); E (mean score 

1.9, F i g u r e  5); G (mean score 1.7, Figure 7); I (mean 

sc or e 1.7, F i g u r e  9); and J (mean score 1.7, Figure 

10). Isolate D was the most a g g r e s s i v e  on 

" M o n e y m a k e r ” , w h i l e  isolates C, I and J we re the least 

ag gr es si ve . T h e  analysis of vari an ce (Appendix 5) 

sh o w e d  that the diff er en ce s in viru le nc e of isolates 

we re s i g n i f i c a n t  (p<0.05).
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Table 4: V i r u l e n c e  of  t e n  b a c t e r i a l  i s o l a t e s

o f  C. mi chiganense  on t o ma t o  c u l t i v a r  

" Mo n e y ma k e r "

B a c t e r  i a 1 Mean s e v e r i t y V i r u 1e n c e

i s o l a t e
%

S c o r e * r ank

A l b c 4

B ’ 4

C 2 .  1 b e 4

D 3 . 8 a 1

E • (0 O' o 4

F 3 . 4 a 1

G 1 . 7 C 8

H 2 .  4 b 3

I 1 . 7 0 8

J 1 . 7 C 8

#Means  w i t h i n  c o l u mn s f o i l  owed by t h e same l e t t e r ( s )

a r e  n o t  s i g n i f i c a n t l y d i f f e r e n t  a t  5% l e v e l  a c c o r d i n g

t o  Du n c a n ’ s New M u l t i p l e  Range  T e s t .
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Disease severity on 
"Moneymaker"infected 
michiganense.

susceptible tomato Cv. 
by Isolate a  of C.

Severity

F i g .  2 . D i s e a s e  s e v e r i t y  o n  s u s c e p t i b l e  t o m a t o  Cv.
'M oneym aker"  i n f e c t e d  by  I s o l a t e  B o f  C.
m i c h i g a n e n s e .
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Fig. 3. Disease severity on susceptible tomato Cv 
'Moneymaker" infected by Isolate C of C. 
michiqanense. “

F i g .  4.. D i s e a s e  s e v e r i t y  on  s u s c e p t i b l e  t o m a t o  Cv
Moneymaker* i n f e c t e d  b y  i s o l a t e  D o f  C.m i c h i q a n e n s e .  “
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Fig. 5. Disease severity on susceptible tomato Cv.
Moneymaker infected by Isolate E of C. 
michiganense.
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F i g .  6. D i s e a s e  s e v e r i t y  o n  s u s c e p t i b l e  t o m a t o  Cv.
M oneym aker  i n f e c t e d  by I s o l a t e  F o f  C.
m i c h i g a n e n s e .
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Disease severity on susceptible tomato Cv. 
"Moneymaker" infected by Isolate G of C. 
michiganense.

8. Disease severity on susceptible tomato Cv. 
"Moneymaker"infected by Isolate H of C. 
michiganense. —
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4.3 S c r e e n i n g  of tomato c u l t i v a r s  for

res Is t a n c e _ to_ g .— mJjDhJjjanense

The results of s c re en in g a r e  tabu la te d in Table 5. 

The c u l t i v a r s  th at were d e m o n s t r a t e d  to have high 

levels of r e s i s t a n c e  were "MR4", "C^lVF232,,» "Monense",

" O k i t s u s o z a i ", a n d  " B u l ga ri a" (P.I. 324708). "Heinz

2990", "USA-Utah", " V ic to ri a Dwarf", " C e r v e n a  Kapha", 

"Red c u r r a n t  1149K", and " P lo vd iv 8/12" (Bulgaria 

12) e x h i b i t e d  m o d e r a t e  resistance. C u l t i v a r s  "Roma", 

" M o n e y m a k e r "  and "Margl ob e" were s u sc ep ti bl e. The 

a n a l y s i s  of v a r i a n c e  (A pp endix 6) show ed that the 

d i f f e r e n c e  in r e s i st an ce of c u l t i v a r s  to C.

m i c h i g a n e n s e  w a s s i g n i f i c a n t  at 5 % level.
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Ta b l e  5: S c r e e n i n g  of t o m a t o  c u l t i v a r s  using the

hi g h l y  v i ru le nt I s o l a t e  of C. mi chi g a n e n s e

M e a n  Level of resistance

C u l t l v a r  ' S e v e r i t y

S c o r e #

MR4 1 . 4 a Hi gh r e s i s t a n c e

Cm V F 2 32 1 . 6 a H i gh re si s t a n c e

M o n e n s e • CD ID Hi gh r e s i st an ce

Ok i t s u  sozai N o . 1 - 2 0 1 * • ® a b Hi g h  r e s i st an ce

B u l g a r i a  ( P . I . 324708) 1 • § a b Hi gh re si s t a n c e

B u 1garia ( P . I . 32 4707) 2 • 0 b M o d e r a t e res i stance

He i n z  2990 (P.1.330727) 2 . 1 b . M o d e r a t e res i s tance

USA -  Utah (P. I . 344102) 2 . 2 bc M o d e r a t e res i s tance

V i c t o r i a  D w a r f ( P . I . 3 1 9 8 9 5 ) 2. 2 bc M o d e r a t e r e s  i s t a n c e

C e r v e n a  K a p h a  ( P . 1.34095) 2 . 2 bc M o d e r a t e res i s tance

Red Cu rrant 1149K

( P . 1 . 344102) 2 • 4 b c M o d e r a t e res i s tance

P l o v d i v  8/ 12 (Bulgaria 12) 2. 4 bc M o d e r a t e res i s tance

Roma 2. 8 ccj S u s c e p t 1b 1e

Mo ne y m a k e r 3 . 0 d S u s c e p t i  b 1e

Mar g 1obe 3. ld S u s c e p t  i b 1e

•Means within c o l u m n s  followed by the same letter(s) are not 

s i g n i f i c a n t l y  d i f f e r e n t  at the 5% level according to 

D u n c a n ’s New M u l t i p l e  Range Test.
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4.4 Influence of Me Io idosvne in c o g n i t a  on the

d e v e l o p m e n t  of bacterial c a nk er

Bacterial c a n k e r - s u s c e p t i b l e  cu lt i v a r  " M o n e y m a k e r ” 

and r e si st an t cu lt i v a r  " M R 4 ” i n o c u l a t e d  at 

t r a n s p l a n t i n g  w i t h  C. mi c h i g a n e n s e  and M. i n c o g n i t a , 

d e v e l o p e d  more s e v e r e  b a ct er ia l canker s y m p t o m s  than 

those in oc ul at ed wi th C . m i c h i g a n e n s e  alone. This is 

i l lu st ra te d in F i g u r e s  11 and 12, and T a b l e  6. Severe 

s y m p t o m s  were fi rs t o b se rv ed in plants of the canker- 

s u s c e p t i b l e  " M o n e y m a k e r "  (Figure 11). It is

in te re st in g to n o t e  that there were no s e e d l i n g s  with a 

sc or e of 3 or more, 29 da ys after i n o c ul at io n of 

cank er - r e si st an t cu lt i v a r  "MR4" with C . m i c h i g a n e n s e  

a l o n e  (Figure 12). It was a l s o  obse rv ed that, 35 days 

af t e r  inoculation, 80% of s e ed li ng s of " M o n e y m a k e r ” 

in oculated with both p a t h o g e n s  had a sc or e of 3 or 

more, wh ereas those i n o c ul at ed with C. m i c h i g a n e n s e  

a l o n e  had only 4 0 % of the s e ed li ng s with a score of 3 

or more (Figure 11). A n a l y s i s  of vari an ce (Appendices 

7 and 8) s h o w e d  that the two t r e a t m e n t s  were 

s i g n i f i c a n t l y  d i f f e r e n t  for both the c u l t i v a r s  tested 

(p < 0 . 05).
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Fig. 11. % seedlings with score ^ 3 of "Moneymaker"
inoculated with C. michigancnse either alone 
or with M. incognita.

Key
•---• C. michigancnse plus

M. incognita

o-— 0 C. michiganense alone

Fig. 12. % seedlings with score >, 3 o£ "MR4" inoculated
v;ith C. michiganense either alone or with M. 
incognita. —
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Ta b l e  6: M e a n  linear e x t e n t  of internal vascular 

d i s c o l o u r a t i o n  p e r c e n t  (LEIVD %) of t o m a t o  cultivars 

’’M o n e y  m a k e r ” and ”M R 4 ” i n o c u l a t e d  with C. m i c h i g a n e n s e  

in the p r es en ce a n d  a b s e n c e  of M. i n co gn it a

C u 1t i var #Mean L E I V D % LSD

C . m i c h i g a n e n s e  

a 1 one

C . m i c h i g a n e n s e  

Plus M. i n c o g n i t a

M o n e y m a k e r 46. 1 81 .0 15. 1

MR4 • 39 .5 74. 7 18. 1

The means were s i g n i f i c a n t l y  d i f f e r e n t  a c c o r d i n g  to LSD 

test at 5% level of significant. *

*The figures r e pr es en t the mean score for each 

treatment with 10 replications.
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5. D I S C U S S I O N

5. 1 I d e n t i f i c a t i o n  of Isolates of C. m i c h i e a n e n s e

The c u lt ur al c h a r a c t e r i s t i c s  of the bacterial 

isolates in NBY agar al on g w i t h  the bi oc h e m i c a l  and 

p a t h o g e n i c i t y  te s t s  carried out gave r e s u l t s  which 

c o n f o r m e d  to th os e e x p e c t e d  for C o r y n e b a c t e r  i um

m i c h i g a n e n s e  (Breed et a J . f 1957; Jensen, 1952; 

Ramamurthi, 1959; and V i d a ve r and Starr, 1979). The 

bacterial i s o l a t e s  formed smooth, convex c o l o n i e s  with 

c o l o r a t i o n  in s h a d e s  of y e l l o w  . There was a variation 

in rate of g r o w t h  among the isolates. T h is confirms 

S t r i d e r ’s (1969) report, that colo ny c h a r a c t e r i s t i c s  

are variable, b e i n g  influenced by c o n d i t i o n s  of growth
i

and nature of the strain. G i v e n  that the c o n d i t i o n s  of 

grow th for the ten bacterial isolates were uniform, the 

va ri a t i o n s  in c o l o n y  c h a r a c t e r i s t i c s  is likely to have 

a r i s e n  from d i f f e r e n c e s  in the nature of the strains. 

All the ten I s ol at es tested we r e  G r a m - p o s i t i v e ,  n o n 

ac id fast cells that were short p l e o m o r p h i c  rods. They 

we re ox idase negative, c a t a l a s e  positive, NaCl tolerant 

and fe rmenters of all the c a r b o h y d r a t e s  t e st ed (Table 

3). All the bacterial isolates e x h i b i t e d  positive 

reactions to TTC test.

In p a t h o g e n i c i t y  test, there was a v a r i a t i o n  among 

the isolates in their in cu ba ti on periods. Plants 

inoculated with isolates D and F showed s y m p t o m s  much 

ea r l i e r  than the rest. The s y mp to ms included 

unilateral w i l t i n g  of leaflets, formation of cankers 

and d i s c o l o u r a t i o n  of the vascular system; The



55

v a r i a t i o n  in i n c u b a t i o n  p e r i o d s  is most p r o b a b l y  a 

r e f l e c t i o n  of d i f f e r e n c e s  in v i r u l e n c e  of the C. 

m i c h i g a n e n s e  isolates.

5 . 2  V i r u l e n c e  of C o r v n e b a c t e r i u m  ml c h i g a n e n s e  isolates

on L v c o p e r s i c o n  e s c u 1e n t u m

Based on the mean s e v e r i t y  scores of the ten 

ba ct erial i s ol at es (Table 4), it is p o s s i b l e  to list 

the isolates u n d e r  four v i r u l e n c e  groups. Bacterial 

is olates D and F would fall u n d e r  v i r u l e n c e  group 1, 

the most v i r u l e n t  group; is o l a t e  H wo uld fall under 

gr ou p 3; is ol at es A, B, C and E would fall under group 

4, whereas isolates G, I and J would fall under 

gr o u p  8, the least p a t h o g e n i c  group. The results agree 

w i t h  those of p r e v i o u s  re p o r t s  (Baines, 1947; Bryan, 

1930; St rider and Lucas, 1970; Thyr, 1972) that 

d i f f e r e n c e s  in v i ru le nc e of bacterial s t r a i n s  of C. 

m i c h i g a n e n s e  exist.

V a r i a t i o n  in the v i r u l e n c e  of st r a i n s  can be 

a t t r i b u t e d  to: a) genetic c h a n g e s  in the p a t h o g e n  that 

has long o c c u p i e d  a given area, b) i n t r o d u c t i o n  of an 

old o r ga ni sm to a new area or c) c h a n g e s  in the 

c r o p p i n g  s y st em s which a f f e c t  the ec ol og ic al niche of 

the path og en (Schuster and Coyne, 1975). Lincoln

(1940) found that the v i r u l e n c e  of a bacterial 

p o p u l a t i o n  in creased t h r o ug h mu ta ti on a n d selection 

d u r i n g  passage through a re s i s t a n t  host. Anyone, or a 

c o m b i n a t i o n  of the above factors may p r o b a b l y  have been 

r e s p o n s i b l e  for va riation in virulence among the 

bacterial isolates.
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D i f f e r e n c e s  in v i ru le nc e of bacterial strains of 

C. m i c h i g a n e n s e  may a c c o u n t  for the s u s c e p t i b l e  

r e a c t i o n  of some r e po rt ed r e s i s t a n t  tomato c u l t i v a r s  in 

ot he r parts of the world (Boelema, I960). T h i s  implies 

that a c u lt iv ar w h i c h  is r e s i s t a n t  in a p a r t i c u l a r  area 

may not n e c e s s a r i l y  be r e s i s t a n t  to C. m i c h i g a n e n s e  in 

a n o t h e r  ar ea of the world. Out of the ten isolates 

tested, isolate D was found to be the mo st virulent 

(Table 4) and was ther ef or e us e d  to s c re en the tomato 

c u l t i v a r s  for r e s i s t a n c e  to C . m i c h i g a n e n s e . Use of 

h i g h l y  v i ru le nt st rains is i m p e ra ti ve to a n y  breeding 

p r o g r a m  if an a c c e p t a b l e  level of r e s i s t a n c e  is to be 

ma i nta i n e d .

5 . 3  Sc re e n i n g  of tomato c u l t i v a r s  for r e s i s t a n c e  to

C o r y n e b a c t e r  i urn m i c h i g a n e n s e

The results of sc re ening for r e s i s t a n c e  indicated 

five of the twel ve r e p o r t e d l y  r e s i s t a n t  tomato 

c u l t i v a r s  to be highly r e s i s t a n t  to st r a i n  D of C. 

m i c h i g a n e n s e  (Table 5). The results o b t a i n e d  agree 

w i t h  many p r e v i o u s  workers (Boelema, 1980; Ematty and 

John, 1973; F o r s t e r  and Echandi, 1973; W i l l ia m and 

Metcalf, 1984) that "MR4", "Monense", "CmVF232", 

" O k i t s u  sozai No. 1-20" and "B ul ga ri a" (P.1.324708) are 

resistant. C u l t i v a r s  "B ul g a r i a "  (P . I.324707), "Heinz 

2990", "USA-Utah", "Victoria Dwarf", " C er ve na Kapha", 

"Red Cu rrant 1149K" and "Plovdiv 8/12" (Bulgaria 12) 

e x h i b i t e d  m o d e r a t e  resistance. These cu lt i v a r s  have 

b e e n  reported as resistant by previous w o r k e r s  (Thyr, 

1976; Al ex a n d e r  et a J . t 1942; Elenkov, 1965). Many
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^3 i n f 1u e n c e  the r e a c t i o n  of toma to c u l t i v a r s  to 

S o n  by C. m i c h i  ganense. The m o s t  s i g n i f i c a n t  

^3 are v i r u l e n c e  of the b a c t e r i a l  strain,

^ t i o n  p r o c e d u r e  a n d dose, age of inoculated 

-mgs and e n v i r o n m e n t a l  t e m p e r a t u r e .  S t r a i n s  from 

« n t  g e o g r a p h i c a l  a r e a s  of the wo r l d  have been 

to d i f f e r  in v i r u l e n c e  (Thyr, 1972). This is 

ly one of the m a i n  c a u s e s  of d i f f e r e n c e s  in 

. s of w o r k e r s  s c r e e n i n g  for r e s i s t a n c e  in tomato 

-■ars in d i f f e r e n t  parts of the world. Boelema

found the a c c e s s i o n  " P l o v d i v  8/ 12 " (Bul ga ri a 12) 

->ore r e s i s t a n t  than " R o m a  V F ” a report ed ly 

iDtible c u l t i v a r  in S o u t h  Africa.t t

J a r i o u s  i n o c u l a t i o n  m e t h o d s  have been used 

w i n g  many pa rts of the tomato p l a n t  including 

, stems, petioles, leaves and c o t y l e d o n s .  However 

i n o c u l a t i o n s  and ,s e v e r i n g  of p e t i o l e s  with 

■ninated pair of s c i s s o r s  have be en reported as 

ble (De J o n g  and Honma, 1976; Van S t e e k e 1e n b u r g , 

D i f f e r e n c e  in i n o c u l a t i o n  p r o c e d u r e  can be a 

e of d i f f e r e n c e  in the re su lt s of s c r e e n i n g  for 

tance (De J o n g  and Honma, 1976). S t r i d e r  (1970) 

ted that d i s e a s e  d e v e l o p m e n t  was rapid and uniform 

slants that w e re i n o c u l a t e d  at 14 days of age but 

ise d e v e l o p m e n t  was slow er in plants inocul at ed at 

days of age. Thus age f a ct or can be a source of 

=rence in the results of sc re e n i n g  for resistance. 

»/as o b s e r v e d  by Fo rs te r and Echandi (1973) that 

-week-old plan ts at 2 4 * / 1 8 #C day and night 

eratures s h o w e d  greater di ff e r e n c e s  in disease 

ngs than th os e at 20*/18*C, 28*/18*C or 32*/18'C.
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Anyone, or a c o m b i n a t i o n  of the a b o v e  d i s c u s s e d  factors 

may p r o b a b l y  have been r e s p o n s i b l e  for v a r i a t i o n  in 

s c r e e n i n g  r e su lt s by d i f f e r e n t  workers. This may 

e x p l a i n  the r e a s o n  why the r e p o r t e d l y  resistant 

c u l t i v a r s  e x h i b i t e d  m o d e r a t e  resistance.

"Marglobe'’ a n d other c o m m e r c i a l l y  grown varieties 

have been p r o v e n  s u s c e p t i b l e  by many p r e v i o u s  workers 

(Bryan, 1930; Fenner, 1930; H a s s a n  et a l ., 1968;

Yatzynina, 1951). The s u s c e p t i b i l i t y  of the cultivars 

’’M a r g l o b e ” , " M o n e y m a k e r ’’ and " R om a" were confirmed. As 

shown in this s t u d y  and e l s e w h e r e  (Thyr, 1976) 

r e s i s t a n c e  to C. m i c h i g a n e n s e  is only r e l a t i v e  (not 

that of immunity).

5.4 The in f l u e n c e  of M e l o i d o e v n e  i n c o g n i t a  on the

d e v e l o p m e n t  of bacterial c a nk er of tomato

From the r e s u l t s  shown g r a p h i c a l l y  in Fi gures 11 

and 12, bacterial canker s y mp to ms were more severe in 

bo th tomato c u l t i v a r s  ’’M o n e y m a k e r "  and "MR4" inoculated 

with C. m i c h i g a n e n s e  and M. incognita than those

inocul at ed with C. m i c h i g a n e n s e  alone. Also, the mean 

L E I V D  % (Table 6) for both cu lt i v a r s  were higher for

plants in oc ul at ed with both the pathogens than those

in oculated with C. m i c h i g a n e n s e  alone. T h is result

c o n f i r m s  the repo rt by p r ev io us workers (De Mo ur a et al 

1975) who on their study of in te ra ct io n of tie 1 oi dogyne 

and C. m i c h i g a n e n s e  found that their combined 

pathol og ic al potential were far greater than the 

individual e f f e c t s  of C. m i c h i g a n e n s e . In a d d i t i o n  to 

the higher level of severity ex hibited by the plants
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inoculated with b o t h  the pa th og en s, the d e v e l o p m e n t  of 

bacterial c a nk er was mo re ra pi d than th at of C.

m i c h i g a n e n s e  a l o n e  (Figures 11 and 12)./

Many p r e v i o u s  wo rkers (Carne, 1926; Kalinko, 1936; 

Holdeman, 1954; Raski and Hewitt, 1961) ha ve reported 

ne ma t o d e s  as wo u n d  agen ts p r o v i d i n g  a v e n u e s  for entry 

of either ba c t e r i a l  or fungal pathogens. B u t in this 

pa rt ic ul ar study C. m i c h i g a n e n s e  was i n o c u l a t e d  into 

the seed li ng s t h r o u g h  the p e t i o l e s  of first true leaves 

w h e r e a s  M. i n c o g n i t a  i n o c u l a t e d  through the roots. 

This implies that other fa ct or s in a d d i t i o n  to the 

p r o v i s i o n  of a v e n u e s  by n e m a t o d e s  t h r o u g h  mechnical

injury of the roots may be respons i b 1e for the

1oweri ng of the re si st an ce of the host plants to

bacteri a 1 canker. Pi tc he r (1963) st a t e d that

biochemical or p h y s io lo gi ca l ch a n g e s  may be of equal or 

gr ea te r i m p o r t a n c e  than m e r e  i n t r o d u c t i o n  of the 

b a c t e r i u m  into the s u s c e p t i b l e  tissues of the host. 

T h e s e  findings place additi on al stre ss on the

importance of n e m a t o d e  control not only to decrease 

losses from this path og en directly, but a l s o  for the 

control of ba cterial canker. The most practical long- 

ra ng e root-knot control p r o g r a m  is based on use of 

resi st an t varieties. V a r i e t i e s  re sistant to root knot 

and bacterial canker can w i t h s t a n d  both pathogens,

thus reducing losses from c o mp le xe s that may exist

b e t w e e n  them.
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APPEND ICF.q

Append lx 1 : H o r t i c u l t u r a l  E x p o r t s 1986.
Product i o n

Tomatoes 
Pineapp1es 
Melon

2 3 0 , 7 1 8  
8 6 3 , 7 2 3

Mangoes 2 1 , 6 6 0  
2 , 9 4 1 , 2 3 2

Avocados 2 , 1 5 0 , 7 8 3
Strawber r i es 2 7 5 , 3 5 8
Passion fruits 6 4 5 , 7 3 2
Pawpaw 137,500
Limes/1emon 6 6 , 8 8 7
Mi sc. F r ui ts 160,510
Beans (French) 9 , 09 6, 90 1
Beans (Bobby) 4 7 7 , 76 9
Caps i cums 15,538
Okra A — - ~ 1 , 7 3 8 , 207

Kare 1 a
1, 69 2,482 
1, 278,747

Moo 1 i 7, 100
Dudh i 8 6 7, 66 0
Chi 11 i es 2 , 0 8 7 , 4 9 4
V a 1 ores 2 9 7, 54 2
Guar 30 4 , 6 4 0
Other As ia n v e g e t a b l e s 1,827,839
Courgettes 23 0, 71 8
Leeks 13,391
Carrots 2 6 ,5 83
Misc. ve ge t a b l e s 5 2 7 , 54 7
Misc. root pr oduce '57,851
Cut f 1 owe rs 8 . 26 4. 91 2

1.984.174 
5,182,338

314,070 
50,000,944 
17,206,264 
11,014,320 
11,231.176 
1,718,750 

769,200 
1,861,916 

154,647,317 
5,064,351 

149,164 
21,901,408 
12,693,615 
17,390,959 

60,350 
9,289,536 

26,302,424 
3,719,273 
3,533,824 

17,365,470
1.984.174 

115,162 
199,372

6,594,337 
439,667 

247.947.360

Totals 36,211,007 630,367,039

S o u r c e s H o r t i c u l  t u r a  1 C r o p s  D e v e l o p m e n t  A u t h o r i t y .
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Appendix 2: T o m a t o  P r o d u c t i o n  e s t i m a t e  (h ectares) in

K e n y a  1 9 8 2 - 8 5

Province 1982 1983 1984 1985

Centra 1 1835.5 2505.8 2321 4286
Eastern 1093.4 1027 1457.5 3282
Rift Valley 765 1130 1630 855
Western 651 850 532 -

Coast 459 a - -

Nyanza - 1077 1429.8 1740

North Eastern - 20.25 85.6 32. 2

Sources Provincial Director of Agriculture Annual reports.

a A dash denotes no figures available
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A p p e n d i x  3: T o m a t o  p r o d u c t i o n  e s t i m a t e s  in 

P r o v i n c e s  1984/85

C e n t r a  1 and Ea s t e r n

Provi nee D i s t r i c t 1984

H a . T o n s H a .

1985

Tons

K i a m b u 894 18420 2 6 0 0 2600

N y a n d a  rua 60 1080 14 125

C e n t r a  1 Ny er i 295 8 8 5 0 342 8535

M u r a n g a 657 10799 9 1 8 11061

Kiri n y a g a 616 6 2 4 0 412 8240

S u b - t o  t a 1 2322 45 3 8 9 42 8 6 53961

Ki tui - - - -

M a c h a k o s 944 13040 2 2 73 29850

Embu 130 400 680 720

E a s t e r n Meru 379 5029 305 7150

I s i o 1 o 4.5 36 10 80

M a r s a b  i t - - 16 336

S u b - t o  t a 1 1457.5 18505 3282 38136

Tota 1 3779.5 63894 7568 9 2 0 9 7

S o ur ce Pr ovincial D i re ct or of A g r i c u l t u r e  annual reports



Appendix 4: F o r m u l a e  of Media and Chemical solutions

1• Potting soil medium for glasshouse work

a) Top Forest soil
b) Horse manure
c) Gravel Quarter inch 
d ) Co f f ee hulls
e) Dried animal blood
f) Sulphate of ammonia
g) Single super phosphate
h) Muriate of potash

40 tins* 
20 "

20 "

20 "

1 " 

1.41 kg 
0.84 kg 
0.56 kg

#1 tin has a capacity of 24 cm

2. Yeast extract-dextrose - C^lcjum carbopate

g/1

Yeas t ex tract
#Dex trose (glucose)
Calcium carbonate, light

powder
Agar

10. 00 

2 0 . 0

2 0 . 0

15.0

(YDC) medium

* S h o u 1d be a u t o c l a v e d  seperately.
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3. Acid mercuric chloride solution

H g C  1 2

Distil led water 
C o n e .  H C 1

12 g

80 ml 
16 ml

4. Nutrient-broth yeast extract agar (NBY) medl urn
g/1

Nutrient broth (Difco) 
Yeast extract (Difco)
k 2 h p o 4

KH2PO4

Agar

8.0 

2 . 0 

2 . 0 

0. 5 

15.0

Add after a u t o c l a v i n g  s e p a r a t e l y ,  5 0  ml 10 * glucose, 1 

l M M g S 0 4 . 7 H 2 a f t e r  a u t o c l a v i n g  a d j u s t  to pH 7.2.

. 0 ml
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v

Appendix 5: A n a l y s i s  of v a r i a n c e  of the r e s u l t s  o b t a i n e d  in

the s t u d y  of v i r u l e n c e  of C . m i c h i g a n e n s e  

isol at es on t o m a t o  Cv. "Money ni ak erM

Source of 

V a r i a t i o n

D e g r e e  of 

f r e e d o m

S u m  of 

s q u a r e s

M e a n  sum 

of s q u a r e s Fca 1

Tota 1 9 9 111

T reatment 9 4 8 5 . 3 7.6#

Error 9 0 6 3 0. 7

•♦Significant at p * 0.05.



s c r e e n i n g  of tomato Cvs. for r e s i s t a n c e  of C. 

m i c h i g a n e n s e  *

Appendix 6: Analysis of variance of the results of

S o u r c e  of 

var iat i on

D e g r e e  of 

f r e e d o m

Sum of 

squa re s

Mean sum 

of sq uares Fca 1

Total v 149 8 2 . 6

Trea tment 14 32 . 9 2 . 3 5 6.35 #

Error 135 4 9 . 7 0. 37

*S 1g n i f 1 cant at p 3 0.05
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A p p e n d i x  7: Ana lysis 

Me 1o i d o g y n  

t o m a t o  Cv.

of v a r i a n c e  of 

e inco gn it a and 

" M o n e y m a k e r ”

the i n t e r r a c t i o n  

C. mi c h i g a n e n s e  on

S o u r c e  of D e g r e e of Sum of Me a n  sum

v a r i a t i o n f r e e d o m sq u a r e s of s q u a r e s  Fcal

Total 19 11008.1

T r e a t m e n t 1 6 3 7 9 . 6 6 3 7 9 . 6  24.8a

Error 18 4 6 2 8 . 5 257. 1

#Signifi cant at p 0. 05
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Appendix 8: Analysis of variance of the interaction of 
Meloidogyne Incognita and C. michiganense on 
tomato Cv. "MR4"

Source of Degree of 
f reedom

Sum of 
squares

Mean sum 
of squares F ca 1

Total 19 12866.3

Treatment 1 6184.6 6184.6 16.7

Error 18 6681.7 371.2

"Significant at p = 0.05.
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