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Abstract 

Physiological/ biochemical tests were inadequate in separating 
Xanthomonas campestrts pv. manihotis. X. c. pv. cassavae. and sorne 
Colombian yellowish isolates. However, aerological techniques such es the 
Ouchterlony double diffusion and direct immunofluorescence indicatod 
antigenic differencea between X c. pv. manihotis and X. c. pv. cassavae. The 
Colombian yellow iaolatea were aerologically similar to X. c. pv. cassavae but 
not to X. c. manihous. Therefore. retaining the diatinction between X. c. pv. 
manihotis and X. c. pv. cassavae ia probably juatified . 

lntroduction 

Xanthomonas campestris pv. manihotis (Berthet and Bondar 1915) Dye 
1978 and X c. pv. cassavae(Wiehe and Dowson 1953)MaraiteandWeyn. 
1979 are two of tour bacter ia! pathogens which attack cassava (IVI<JniiiO. 
esculenta Crantz) (24,37). While X. c. pv. manihotis occurs in most cassave 
growing areas of the world (25). X c. pv. cassavae is limitad to the Afncan 
highlands of Rwanda and Kenya at 1.600 m (26) and, possibly, sea-level in 
the eastern plains of Colombia (4). Because the early leaf spot symptoms 
are so similar, workers frequently have difficulty distinguishing the two 
pathogens. lt has been reportad that the pathogens are synonymous (29), 
but other evidence (16, 26) suggests the contrary. 

Taxonom1cally, X. c. pv. manihotis and X. c. pv. cassavae are grouped in 
Bergey's Manual of Determinativa Bacteriology (2) under X. campestris 
group, but as two distinct pathovars. However, the newly proposed 
nomenclatura which carne into use January 1, 1980 (39) considers X. 
cassavae as a nomen dubium, probably on the basis of controversia! 
evidence (29). Therefore, the relationship between these two pathogens 
needs a clear distinction to avoid confusion for quarantine purposes (26). 
Moreover, reports that X. c. pv. cassavae may have evolved from X. c. pv. 
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mamhotis need to be confirmad. "Deeper" taxonomic studies have been 
suggested to resolve this problem (26) and such studies could include 
genetics, bactenophage, and serology (36). 

This study was undertaken in a continuad effort to clarifythe relationship 
between X. c. pv. manihotis and X. c. pv. cassavae. 

Materials and Methods 

·physiological and biochemical tests were used, methods and references 
are indicated in Table 1 . The replica plating technique (22) was used to 
study the utilization of carbohydrates, nitrates, fatty acids, amino acids, 
amines, organic acids, and sodium and tetrazolium chloride salts. 

Antisera were produced against X. c. pv. manihotis and X. c. pv. 
cassavae. Cultures u sed for antisera production were preparad according 
to the method of Allan and Kelman (1 ), i.e., using glutaraldehyde fixed 
whole cells to immunize New Zealand white rabbits. Part of the cruda 
antiserum was preservad for the agglutination test (35) and the 
Ouchterlony double diffusion assay (19), while another portion was 
fractionated following the methods of Allan and Kelman ( 1) and Cherry (5). 
The precipitated globulin was conjugated with Fluorescein isothiocyanate 
( FITC) (5). Samples were stored in vials at -20°C until needed. 

To determine the serological relationship between X. c. pv. manihotis 
and X. c. pv. cassavae and sorne Colombian xanthomonads, isolates were 
grown for 48 hours on Pseudomonas isolation agar (7). Dilutions of 
samples were smeared onto alcohol cleaned slides, air-dried, heat fixed 
and later stained with fluorescent antibody conjugate. The stained 
preparations were examinad under an X 100 objective fitted to an 
Orthomat microscope with an oil immersion condensar. 

The relationship between X. c. pv. manihotis, X. c. pv. cassavae, and the 
Colombian yellowish isolates was studied by the method of Klement (19). 
All gel-diffusion tests were made at room temperatura (25°C)Photographs 
of double d iffusion pi ates were taken in an immunodiffusion Camera 
( Cordis) using Polaroid 107 black and white film . 

Results 

Results shown m Table 2 indicate that the three xanthomonads could not 
be separated adequately by physiological and biochemical tests. However, 
all tests marked with two asterisks showed sorne differential value 
between X. c. pv. manihotis and X. c. pv. cassavae on the one hand 
and the Colombian isolates on the other hand The differences citad were 
mainly in the rate of utilization of severa! carbohydrate and other 
nutritional sources. Other tests showing differences included the hyper
sensitivity tests, tolerance to tetrazolium chloride salt, growth rate, 
pigmentation, and sodium polypectate. Tests marked with one asterisk 
showed an inconsistent differential value. Fatty acids, amino acids, 
amines, and organic acids were not use!l.ll in separating the species. 

Glutaraldehyde-fixed whol.e cells wer~ used as antigens, and they 
induced the production of highly specific antisera. The agglutination titre of 
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Table 1. Tests and methods used for physiological and biochemical tests. 

Oxidad es 
Catalase 

Test 

Mode of glucose utilization 
Gelation liquetaction 
Hydrolysis of starch 
lndole production 
Nitrate reduction 
Tyrosinase 
Hydrolysis of Lipase 
NaCI tolerance 
Tetrazolium eh loride tolerance 
U re ase 
H2 S production 
Carbohydrate utilization 
Nitrate utilization 
Fatty acids 
Organic acids 
Amino acids 
Amines 
Soft rot of potato and cassava roots 
Tobacco hypersensitivity reaction 
Pectate 1 iquefaction 
Hydrolysis of casein 
Litmus milk reaction 
Ammonia production 
Phenylalanine deaminase 
Methyl red and Voges proskeur 
Arginine dihydrolase 
Hydrolysis of Esculin 
Sodium polypectate 
8-glucosidase 
Levan production 
Fluorescence on King's 8 Medium 
Growth rate 
Pigmentation 
Sensitivity to antibiotics 
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Method (R efere nce) 

( 7, 21) 

( 8, 35) 
( 15) 
(1 7, 28) 

( 17) 

(17) 

(17) 

( 8, 38) 
(31) 

(30) 

(23) 

( 6, 13) 

( 17 ) 

(27) 

(25) 

(20) 

(13) 

( 12) 
( 7, 17) 
( 17) 

(32) 
( 17) 
(27) 

(34) 

(3) 

(1 4) 

(27) 

(1 8) 

( 7) 



Table 2. Physiologic:al/broc: hemic:al c:haracterization of Xanthomonas campestris 
manihotis, X. c. pv. cassavae, and sorne Colombian yellowish isolates. 

Test Reaction 

X. manihotis X. COSSOI'OC Colombian 
Yellowish isolates 

Carbohydrate uti lizationa +-e + ++ 
Nitrate utilization 
Amines + + + 
Amino acids + + + 
Organic acids 
Antibiotic sensitivityb + + ++ 
Hydrolysis of casein 
Hydrolysis of gelatin + + + 
Hydrolysis of starch + + + 
Litmus milk reaction + + + 
Production of ammonia + + + 
Production of H2 S 
Production of índole 
Nitrate reduction 
Methyl red and V.P. test 
Mode ot glucose util ization Oxidative Oxidative Ox idative 
Lipase + + + 
Catalase + + + 
Oxidase 
Arginine dihyd rolase 
Phenylalanine deaminase + + + 
Tyrosinase 
Urea se 
Aesculin hydrolysisb + + ++ 
8-glucosidase + + + 
Soft rot of potatoes & cassava roots 
Levan production + + + 
Hypersensitivity in t obacco leaves3 + 
Salt tolerance (Max.) 2.5°/o 2.5°/ o 2.5°/ o 
Tetrazolium chloride (to lerance aMax. ) 0.02°/ o 0.02°/o 0.1°/ o 
Sodium polypectatea utilization + 
Fluorescence on King's B. medium 
G rowth ratt ¡¡ modera te slow fast 
Yellow p igmenta + + 

8 Tests with d istinct differential value. 

b Tests with non-consistent differential value. -e + + = strongly positive; += positive; - = negattve. 
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Table 3. Serological identity between Xanthomonas campestris pv . manihoris (Berthet 
and Sondar 1915) Dye 1978, X. c. pv. cassavae Wiehe and Dowson 1953 (Maraite and 
Weyns 1953) and sorne Colombian yellowish isolates. 

Antibody Reac tiona,b Antigen 
(Whole cells) 
1 x 109 /ml Double Diffusion 1 mmunofluoresc"I1Ce 

X. manilwtis 
(60 isolates) 

X. COSSOl'Oe 

( 6 isolates) 

Colombian yellowish 
isola tes 
( 3 isolates) 

X cm a 

1-

X ce XcmA/FITC Xcca/ Fil C 

+ 

+ + 

+ + 

a Xcm = X. c. pv. manil1o/is; Xcc = X. c. pv. cassaaac XcmA/FITC = X. manihotis ant1body 
con¡ugated with Fluorescein isothiocyanate. XccA/FJTC = X. t assara< antibody labelled with 
Fluorescein isothiocyanate. 

b += positive reaction; - = negative reaction. 



anusera produced aga•nst X. c. pv. manihotis and X. c. pv. cassavae was 
between 2560 a nd 5120. So me cross-aggl utination occurred between X. c. 
pv. manihotis and the Colombian yellowish isolates but th is was not 
confirmed by the Ouchterlony double d iffusion or by the im
munofluorescence tests. No cross-reaction occurred between X. c. pv. 
manihotis and X. c. pv. cassavae by any of the serodiagnostic methods used 
(Table 3). However. lmmunodiffusion plates showed the presence of 
antigens common to all the isolates stud ied (Fig. 1 and 2). In both the double 
diffusion (Fig. 1 and 2) and immunofluorescence tests, all isolates of X. c. 
pv. manihotis were serolog ical ly identical and through these tests X. c. pv. 
manihotis could be differentiated from X. c. pv. cassavae and the 
Colombian yellowtsh •solates. The Colombian isolates were serologically 
identical to X. c. pv. cassavae (Fig . 1) and related toX. c. pv. manihotis. All X. 
c. pv. cassavae isolates w ere also serologica lly identical. 

Fig. 1 Central well holds anttserum toX. 
c. pv. cassavae (C IAT 1 1 48). Periphera l 
wells contain: (1) X. c. pv. manihotis 
antigen. (2) X e pv. cassavae; (3) 
Colombtan yellowtsh tsolate. 

Fig. 2 . Central well contains crude 
antiserum to X. c. pv. m anihotis (CIAT 
1 1 05). Peripheral wells: (1) X. c. pv. 
manihotis anttgen (washed whole 
cells); (2) X. c. pv. cassavae antigen 
(washed whole cells); (3) Colombian 
yellowish isolate (washed whole cells). 

Discussion 

Results show that X. c. pv. manihotis anc:' X. c. pv. cssssvse are 
biochem•cally s1m1la r and serologically relawr ...1 Jt distinct. This agrees 
with previous findings (11 , 1 6). While X. c. pv. mamhotis was serologica lly 
distinct from X. c. pv. cassavae, X. pv. ca!- avae and the Colombian 
yellowish isolates had common antigen1c properties, even though 
differences were found in their pathogenicit) Ttte synonymy betweenX. c. 
pv. manihotis and X. c. pv. cassavae reporteo O\ Robbs et al. (29)was basad 
on biochemical and a few pathogenicity- c•aracteristics, but not on 
serology. 
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Therefore. the dectston to constder X. cassavae as a nomen dubiUm (39¡ 
ts probably unJustlft ed. Based on our result s on the serologtcal and 
pathogen ictty relattonships between these two pathogens, and the1r 
geographtcal dtstnbutton, rt 1s probably unl ike ly t h at X. c. pv. cassavae 
evolved from X. c. pv. mamhotis. The presence of X. c. pv. casssvae in 
Colombia or elsewhere rn Latín America therefore remarns to be 
established. 

The speciftctty of our XMA/ FITC and XCA/FITC conjugates indica tes tne 
high specifictty of anttserum produced using glutaraldehyde-frxed whole 
cells as reported by Allan ánd Kelman (1) in studies on Erwinis csrotovora 
var. atroseptica. Simila r rec;u lts have recently been reported (33) in studies 
w ith Corynebacterium st::pedonicum. 

Literatura Cited 

l . Allan, E. and A. Kelman, 1977. lmmunofluorescent statn procedures for 
detect10n and tdenttftcation of Erwinia carotovora var. atroseptica 
Phytopa thology 6 7 1 305-1312. 

2. Buchanan. R.E. and N.E. Gibbons. 1974. (Eds.) Bergey's Manual of Deter
mtnative Bactenology (8th . Edit ion). Williams and Wtlkins comoany, 
Balttmore 1268 pp. 

3. Burkholder. W .H. and M P. Starr. 1948. The generic and spectftc characters of 
phytopathogentc spectes of Pseudomonas and Xanthomonas. 
Phytopathology 38.494-502. 

4 . Centro lnternactonal de Agncultura Trop ical. Annual Report, 1976 
5. Cherry, W .B. 1974 lmmunofluorescence techn iques. In Manual of Cltntcal 

Mtcrobtology 2nd. E d. pp 29-44. E.H. Lennette. E. H. Spaudltng, and J .P. 
Truant (Eds.) Amencan Soctety for Mtcrobiology. 

6. Chnstensen, W .B 1946. Urea decomposition as a means of differentiatln" 
proteus and paracolon cultures from Salmonella and Shtgel ló ~ 

Bactenol. 52 461 -464. 
7. Difco Manual. 9th Ed 1 977 . Di feo Laboratories.lnc., Detroit Michigan, 350 pp. 
8 . Dye, D.W 1962 The tnadequacy of the usual determinative tests for ü· 

tdentiftcatton of Xanthomonas spp. N.Z.J. Agríe. Sci 5:393-416. 
9. Dye, D W 1968 A taxonomtc study of the genus Erwinia N.Z.J . Agnc Sct 

11 .590-607 
1 O. Elango, F.N. 1980 Relat10nship between Xanthomonas manihotis(Arthaud 

Berthet and Sondar) Starr and Xanthomonas cassavae (Wtene ano 
Dowson), and sorne epidemiological studies on cassava bacteria! bltght. 
Ph D. thests, McGtll Untverslty, Montreal, Canada, 301 pp 

11 . Elango, F.N., J .C. Lozano, and J .F. Peterson. 1979. Phystologtcal and 
Serological relationshtp between Xanthomonas mamhotis and 
Xanthomonas cassavae. (Abstr.). Proc. 5th Symp. lnt. Soc. Troptcal Root 
Crops. Manila. Philtpptnes (In Press). 

12. Hayward, A. C. 1 966. Methods of tdentifrcation in the genusXanthomonaspp. 
9 -14. In ldentlftcatton methods for mtcrobiologtsts. S.M . Gtbbs ano F .A. 
Skinner (Eds.). Academic Press, New York. 

13. Hildebrand. D .C. 1971. Pectate and pect in gels for differentiation of 
Pseudomonas sp. and other bacteria! plant pathogens Phytopathology 
61:1430- 1436. -. 

14. Hildebrand. D.C. and M .N. Schroth. 1964. B-glucostdasein phythopathogenic 
bactena . Appl. Mtcrobiol. 12:487-491 . 

102 



15. Hugh. R. and E. Le1fson 1953. The taxonom1c S1gn1f1cance of fermentat1ve 
versus ox1dat1ve metabollsm of Carbohydrates by vanous gram-negat1ve 
bactena. J Bactenol. 66.24-26. 

16. lkotun. B. 1975. Cassava bactenal bl1ght d1sease caused by X. manihotis 
(Arthaud-Berthet et Sondar) Starr. Ph.D. thesis, Imperial College of Sc i. 
& Tech., London. 242 pp. 

17. K1raly, Z . Z. Klement. F. Solymosy, and J . Voros. 1974. Methods in Plant 
Pathology. Elsev1er Scient1f1c Publishmg Co .. New York. 509 pp. 

18. King. E.O .. M .K. Ward. and D.E. Raney. 1954. Two Simple Media for the 
demonstrat1on of Pyocyanin and fluorescence. J Lab. Clin. Med. 44:301-
307. 

19. Klement. Z. 1 975. Methods for the separation of closely related bacteria by gel 
diffusion test. pp 8- 1 O. In R.N. Goodman (Ed.). Proceeding of the 1st 
Workshop on Phytobacteriology (3rd. Ed.) Univ. of Missouri, Columbia. 
73pp. 

20. Klement. Z .. G.L. Farkas and L. Lovrekovich. 1 964. Hypersensitive reaction 
induced by phytopathogenic bacteria in the tobacco lea f. Phytopathology 
54.4 74-477. 

21 . Kovacs, N. 1956. ldent1f1cation on Pseudomonas pyocyanea by the Oxidase 
reaction. Nature (London) 178:703. 

22. Lederberg. J . and E.M. Lederberg. 1952. Replica plating and indirect selection 
of bacteria! mutants. J . Bacteriol 63:399-406. 

23. Lovrekov1ch, L. and Z. Klement. 1960. Tnphenyl tetrazol1um chloride 
tolerance of phytopathogenic bacteria. Phytopath . Z. 39:129-133. 

24 .. Lozano. J .C. 1975. Bactenal Blight of Cassava . PANS 21 :38-43. 
25. Lozano, J .C. and L. Seque1ra. 1974. Bacteria! Blight of Cassava in Colombia: 

etiology. Phytopathology 64:7 4-82. 
26. Maraite, H. and J . Weyns. 1979. Distinctive physiological, b1ochemical and 

pathogen1c characterist1cs of Xanthomonas manihotis and 
Xanthomonas cassavae. pp. 103-117 In H. Maraite and J.A. Meyer 
(Eds.). Diseases of Tropical food crops. U.C.L. Belgium. 316 pp. 

27. M1sagh i, l. and R G. Grogan. 1969. Nutrit10nal and B10chemica l compa risons 
of plant pathogenic and saprophytic fluorescent Pseudomonads. 
Phytopathology 59:1436-1 450. 

28. Reddy, C.R. and S.H. Ou, 1976. Characterization of Xanthomonas oryzae 
(Uyeda et lsh1yama). Dowson, the bacteria! blight pathogen of rice. Ann. 
Phytopath. S oc. Jpn. 42:124-130. 

29. Robbs. C.F., R. de L. D. Ribeiro. O. Kimura, and F. Akiba. 1972. (Variacoes em 
Xanthomonas manihotis (Arthaud-Berthet) Starr. Revista da Sociedade 
Brasile1ra de F1topatolog1a 5.67-75. 

30 Sands. D .C., M .N. Schroth, and D .C. H ildebrand. 1970. Taxonomy of 
ph'\ftopathogenlc Pseudomonads. J . Bacteriol. 101 :9-23. 

31 . Sierra. G. 1957. A simple method for the detection of lipolytic activity of 
microorgan1sms and sorne observation of the influence of the contact 
between cells and fatty substrates. Antonia Van leewenhoek J . 
Microb1al Serology 23·1 5-22. 

32. Skerman. V. B.O. 1 967 . A QUide to the 1dent1f1cat10n of the genera of bactena 
(2nd. Ed.) The Willlams and Wilkins Co .• Baltimore, Maryland. 303 pp. 

33. Slack. S.A . A Kelman and J .B. Perry. 1979 Comparison of three 
serodiagnostic assays for the detectiOfl of corynebacterium. 
Phytopathology 69: 186-189. 

34. Sneath. P.H.A. 1 956. Cultural and bjochemica l ¡;:haracteristics of the genus 
Chromobacterwm. J . Gen. M1crobiol. 15 70·98 

35. Society of American Bacteriologists. 1957. Ma"l ual of Microbiological 
Methods. McGraw-Hill Book Co., New York. 315 pp. 

103 



36 . Starr. M .P. 1 979. A concept of the genus Xanthomonas and 1ts spp. pp. 393 
(Abstr.). In Proceedmgs of the IVth lnter. Conf. on Plant Path. Bact.. 
Angers. France. 

37. Terry. E.R.1978 CassavaBacteria ldiseases.pp 75-84./nT. Brekelbaum.A 
Bellotti. and J .C. Lozano (eds.). Proceedings Cassava Protect1on 
Workshop CIAT. Call. Colombia, 7-12 November, 1 977 . 

38. Waksma n. S.A . 1967. The Acunomycetes. The Ronald Press Co .. New York. 
270 pp. 

39. Young. J .M .. D.W. Dye. J .F . bradbury, C.G. Panagopoulos. and C.F. Robbs. 
1978. A proposed nomehclature and classi f ication for plant pathogen1c 
bacteria . N.Z.J . Agnc. Res. 21 :153- 177. 

Acknowledgment 

This paper is a port1on of a Ph.D. thesis submitted by the first author to McG ill 
University, Montreal. Canada. A fellowship from the lnternational Development 
Research Center of Canada made 1t poss1ble to carry out th1s work. 

104 


