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BIOCONTROL OF CASSAVA PATHOBENS: & UBEFUL APPRODACH
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J. Carlos Lozano

The blozontrel of diseases of different crops has  been
reoorted as a feasible measure {(Baker and QCook, 1974).
Investigations on the sublect are increasing and are being
carefully +taken intoc consideration imn many plant pathology

programs around the world.

Research on  the biocontrol of  cassava pathogens Was
initiated at CIAT in 1975 (CIAT, 197&). Freliminary results are
very  encowaging,  suggestitg a wuseduwl, practical  tood fo
controlling several pathological problems of cassava., This paper
summarizas the research resulits obtsined during the last twelve
yaérs on tcassava pathogens, with emphasis on the usze of
fluorescent psseuwdomonads as biocontrol agents in different

cassava production systems.

£, Hiocontrol of casseava rusts

There are six specigs of Iromyces infecting casseva  and

agther Euphorbilacease species {(Labsrry 2t a

1oy 19843, Their
damage is generally considered moderate and of low s=conomic
importance (Laberrv, 19756 with the edception of & Ffow
outbreaks reported in new cassava-growing areas of Brasal

Munie, 1981, O survey on endemic areas in 1979 indicated
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that around 984 of the rust pustules examined were infepcted

hy the mycoparasite Dariuca filum. Surveys duwing rust

o satbreaks in nonendenic sreas indicated that the percentage
g of parasitized pustules ranged From O to 214 of total
. examined pustules/plant, Do fiium was probably a factor in
2t low inoculum potential levels,

maintaining Uromvoes sbp.
and eggnamic losses.

reducing disease severilty
impsr+ect fungus that belongs to the
spherical,

The mycoparasite is an
Pyenidia are black,

rust sori. Conidia

orcer Sphaceropsidal @s.
superficial aend located in
ellipsoid and tipped with mucous or

ostiplats,
two=-celled,
{Barnett and Hunter,

are hvaline,
bristlelike appendages at the snds

1973 .
decreasing the

The mycoparazsite infects rust uredosporas,
It grows on common

inocuwlum potential of the parasite,
laboratory media and wiilizes & variety of carborn and
but there

Igplates are highly varliable,

nitrogen sources.
zeems o be no nutritional specificity that would acocount

for the sxtclusive association of this parasite with rust
19733 .

{Barnett and Binder,

fungi
=t
CamEmava FUus t.

In addition to parasitism by D. filum
snecies {(larvae stage! of

wradospores are =zaten by several

- .

Cecldomyiidag and Coccinellidae
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These insect speciss are commonliy found on sori of
rasmava rust in affected areas. Untortunately, ressar-ch
o relationships between rust pathogens and these insect

species is unknpown, but further investigation is merited.

Bigcontrol of sther cassavae pathiggens with beneficial

tlucrescent peseudomonads

i. The hactemria

P A

gmong benedicial bacteria, fluorescent pseudomonads
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fiuprescens) are the most

promising for use in biocontrol programs due to

their nutritional diversity, ability to grow under a
wide rarge of environmental conditions, and ability to
colonize the rhtezosphere of many plant speclies

{(Klogpper et al., 1980).

They can be easily itsolated from soil or the plant
rhizosphere of many crop speoies by using Hing®s B (KB

. , o
medium  incubated at 27

£ Ffor 24~34h, Barterial
isclates showing fluorescence on KB under uwultraviolet
light can be purified from single colonies afrer serial

dilutions seeded on KB medium {(Hernandez et al, 1928&).
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Survival

High bacterial populations were found in the
rhiposphere of cassava plants or rooted shoot tips fwo
mormths after  irnoculation. There were variations in
bacterial populations among clones and between strainssg
but & cione ¥ strain interaction was not found {(Rosas,
1984), which indicates lack of host specificity with
the strains tested. it has been reported that survival
of #luorescent bacteria is prohably dependent upon
nutrient availability, spacs éna cellular migration +o
new sites, or & cambinstion of these factors (Brown,
1774y Burr =t al, 1978y . Similarlivy. quality o+F
exudates (e.g. production a&nd gquantity of specitic
amine acids or foxwic compounds) may  influence  the

survival of these bacterial species in the rhizosphere.

The eftect on cassavae plantlets under gl asshouse

conditions

isplates of bsneficial fluorescent psevdomonads have
been characterized according to their: (I}  inhibitory
affect, in viirg on both bacterial  and/or fungal
pathaogens; and (I} according to their ability to
promate root systesm growth of plantiets as related +to
pathogen inhibition in wvitro. With method 1 four

groups wers identitlieds (a) isolates with no or  very

mild inkibition of pathogenic bacteria and fungiy (o)
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isolates that strongly inhiblt pathogenic bacterias,. but
pooor owery mild inhibition of  fungls i} isolates
cauging wery strong inhibition of fungi, bul Mo or very
milg imhibition of bacteriay amd () isolates indacing
strong inhibition of both fungl and becteria (CIAT,
1984, CBenerally. there ware mors isolates able to
irhibit pethogenic bacteria than  fungi. fmong all
flucrescens showsd

imolates collected, those of B,

broader in viire inbibition of the bacterial and fungal

o

species tested than P, putida (CIAT. 1%E85).

Isnlates gharacterized by methogd 11 war e also
classified into four grouns: {a) those that did not

inhibit cassava pathogerns in vitrog, or increase root

growth of cassava plantlets: (b} strains showing a high

inhibitory sféfect in

i

itrp of cassava pathogsns (both
furnil ard bacteriar some straing of group o in method
I}, but did not promote an increass in foliasge or roont
systen of inoculated clones. Az reported +or  other
crop species (Lelsinger and PMargroff, 197%). secondary
matabiolitisas mav Rave phytotoxic or antibiotic
activityy: (o) strains that did nok inhibit  cassava
pathogerns, bt inoreassed both the foliage and root
svstem of irmoculated olones. it i1s npossible that
antagonistie Interactions with pathogens (nutrient

coopetition o antibiotic effects) resulted Iin the
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in  yitro inhibition of Xanthomonas campestri

Ay

exciusion of pathogens +From the rhirosphers. Heslthy
roots promote better total plant growth; (d) strains of
this group induced a strong inhibitory eiffect on
cassava pathogens and & significant increass in the
agrial parts and roots of inoculated plantlete (Fig. 13
(DIaT, 1976). It has besn reported for other crop
species that some stirains of fluorescent pseudomonads

producs growth regulators (Eklund, 1970},

Fractical applications

. Biocontrol of foliar pathooens

Dtralins of methad I group b, which inducst the highest

r

[H]

?Vl

by - .

marihpotis {(causal agent of cassava bacterial bHlight,
CHBEY, were used to snray plots  of suscentible,
internedi ate resistant and resigtant clonss planted  in
an arsa where OBE is epidemic. Results of these
treatments are shown in Tables 1| and 2. Both the nunber
of, anagular Ieat spots/leaf and the number of blighted
imaves/plant were significantly reduced by Tl s ar
applications of & strainm of F. putida {(Table 1}, VYield
of the susceptible clone (M Col 2Z2) also increased 2.7
times (Table 2 but did not increase in 2ither  the
intermediate resistant or resistant clones (CIAT, 1985;

Lozano, 1%87).



The cortrol of other foliar pathogens of cassavs by
spray applications of specific strains of beneficial
fluorescent pseudomonads has ot been reported, but is
possible. Fractical angd sconomic problems exish, such
as base irnoculum production, inoculum storage and
preparation under aseptic conditions and costs for
spray applications. Further research is reguired o
test the practical feasibility of controlling foliar

pathogens of cassava.

b. Bigeontrol of preharvest root rots

When solls infested with Pythium spp. or Dipledis
manihbotis were drenched with & bacterial suspension of
F. putida {(method I, group d) befork planiting cassava
plantlets, satisfactory control of root rot was
chtalned {(Hernandez et al. 198&). Strains of B,
fluprescens (belonging to method I, group ) wers also

able to protect cwuttings against . manihotlis (Table X
&nd 43 (DIAT, 19BSy Lozano, 19873, The protective
effact was evident when cuttings were treated with the
bacterial suspension bhefore or after fungal
inoculations. Protection was related to sprouting of
buds and fungal establishment, as well as invasion

through the tissues of the cuttings (Table 3). This

tvoe of protection was also evident fer thres clones
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taken sither from farmers”™ +iglds or From
meristen—derived plants. The bacterial protection was
nearly as sfficient as that obtainsed with the best

fungicidal treatment (Table 43 {(TIaAT, 1935).

Yield of fresh roots increpased when plants were watered

with a 10ml bacterisal suspension of a beneticial strain

of F. ftluorescens (method II, group di. ?ields tended
to increase with an  increased number  of  waterings
{Table Si. However, lavel of incresse also varied
according to clone (Ciart, 12253, suggesting

differential zlonal responses to bacterial strains
used ar differences in susceptibility of the pathogens

to the beneficial bacieria.

These results open the possibilitvy of controlling root
rots of cassava with Deneficial bacteria, replacing
fungicidal treatments of cuttings. However, more
griensive research on this subject 1s needed tp define

practical systems for biocontrol of root robs,

c. Biocontrol of postharvest root rots

In an euperiment to test the potential of biocontrol of
postharvest root rots, recently harvested roots wers
dip-treated in a2 bacterial suspension of P. fluorescens

e Sl T v Rent et e e v e

and F. puptids (strains belonging to method 11, group o)



and stored for three weeks i sealed plastic bags wider
ambient condgiltions {Table &). Strains of F. putidsa
gave variable resulis, haowever, a strain of [
fluprescens gave consistently good root rot control
during the +first twoe weeks of storage and moderate
control atter thres wesks (Table &) {(Ciat., 1985;
Lozano, 1387).

The seventual aim oFf using & biclogical rather than &
chemical means For controalling postharvest microbial
detegrioration in cassava is to aveold toxic risks
arlising +From some chemicals. However, thess still

requires considerable adaptlive and applied research in-

order to develop a practical method for on—Ffarm use.

d. Flant orowih sffertyg

Dip-treated cuttings {with strains Ffrom method II,
groups ¢ and dr planted In pots with sterile =solls
urnder glasshouse conditions showed a significant (gt 5%
level) ingreasse in number and weight of roots in
relation to distillied water—-treated controls (CIAT,
19867 Rosas, 1984). SBimilarly, shoot tips rooted in a
suspensian of beneficial bacteria (strains belonging to
method fI, group «) showsd the following significant
effects (at 5% levels) in relation tp contrels: (i)

+aster root initation (8 dave ve. 10 davs): (1i) higher



reamber and  longer - roots: and (111 increased root
systen weight tFig. &) {Hernande: &and Lozano,
unpublished data). The above results.especially  those
obtained with strains belonging to method II, groups ¢
and d, strongly sujgest the producticon of growith
regulator {(s) by stirains of these bacterial species.
Inoculations of plantlets [ (obtained by the shoot
rooting system in water (Cock st al. 1976)] . Qnder
sterile conditions 1 Leonard jers (Bradley et al.
1285 contirmed previous Findings (Yable 7). Further
ressatrch £y the purification of such arowth
regulator{s}) is in progress (Hosas, 19843 CIAT, 178&).
The above results suggest the possibility of using
strains of both P, putida and F. fluorescens as root
promotors, especially to aceelerate and increase the
root sveltems of Cassava plantists in rapid
multiplication systems. Applications for accelerating
the rooting and sprouting of cuttings in comnercial

plantations reguires further resgarch.

Gieneral conclusions

Even though research on biocontrcl of cassava pathogens is
recent and preliminary, results sugoest i+t is feasible.
Spray spplication of D. {filwum in highly endemic rust-—
atfected areas ies now possible. Effective strains of this

myCoparasite are available.



The use of strains of fluorescsot pseudomonads sffective in
contrpl of CBE nesds more investigation on practical storags
of hrensticial sLrains and the gigbribution and
sultiplication of inoculam. Etfective strains of this
beneficrial barcteria are available, and the methodology +or
thetr iderntification is known. Bacterization of cuttings is
feasible In speclsl situwations, such as in planting material
provduction +Fielids, to control pathogens infesting the
cuttings, and to protect them against pathogens in intested
soils. This techrology may not be uwseful in  traditionsl
cassava progiuction systems because ithe breatment  rseguires
technical work and aseptis handling during the production of
the imoculum, The use of beneficial bacterial suspensions
to treat cassava roots before their storage in order to
control microblal deterioration nesds further research  on

he identification of effective strains and the development
of treatment systems, giving levels of control similar to
those obtained with thiabendazole {(LIAT, 19835 198943 198%).
Similarly, the use of growth—stimulating strains of
Flunrescent pspudomonads to treat both cuttings or plantieis
before planting, for the promotion of root system aqrowth,

appzars to be feauible in the near futurs.,

The importarce of the native microflora in protecting
cassava against pathoosns has been demonstrated recently by

the following $indings: {a) cassava plants derived from
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meristem cuitures are nore susceptible to pathogsns  than
plantes grown from cuttimgs from the Field (CIaT, 1983;
Lozans et al.. 198401 and (b)) plants grown $rom sterilized
cuttinaos (by dip treatosnts with Na hypochlorite? of cassava
clones with apparent resistance resulting from the effect of
beneticial microflora are, in fact, genstically susceptible
{(CI4T, 1984 19857 . Mative beneficial microtlora,
especially bacteria belonging to species difterent from
lugrescent pseudomonads, wer g responsible +or such
protection, The interaction pf these micrporganisms  with

pathogens ang the conseguent effscis of such interactions

are unknown, but merit intensive ressarch.

It can bz seen from the foregoing that investigation on this
topic will pozsibly open mew flelds that can be incorporated
successfully  in many cassava prodoction systems. The
integration of this control measure with others already
known, easpecially applied to resistant clones, Can

undoutbtedly lead Lo the cobtainment of hetter stable vields.
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Table 1. Control of cassava bacterial blight by foliar applications” of FPseudomonas putida (strain

b . v

F~44 and F~88) on two susceptible clones during 1984 and 19835,

" — — —-— - " i —n o oo g T oan " ——

Year of controgl/strain number

nm - — —re e e — — T A T s S . Bl AR . RS

1784 1985
F~44 F-44 F--B8
Clone Scoring Svstem Sprayed Controls Sprayed Controls Sprayed Controls
M Col 22 angular leaft spots/leatxx 1.0a 7.0b 2.5a b.7b 2.5a 5.7b
Humber of blighted leaves/planteEx 1.0a &. Ob 1.5a 5.0b 1.0& 4.0b
M Col 72 Angular leat spots/leaf - 4.Za ?.5h 4. 2a B.7b
Mumber of blighted leaves/plant - 2.1a 6. 0bb 2. 3a 7.0b

e e W

*w

* ¥ ¥

o v - - WA P s - AR el s WA, Wk i UL AR A A WU S et O A Bl A WA ol s W PR . L T R

Flants received siy foliar applications of & 1 »x 10® cells/ml suspension of the regpective
strain of P putida at 15-day intervals. Control plants were spraved with distilled water.
Mumbers followed by the same letter are not significantly different at a .05 level of the
Duncan Multiple Range Test.

Average number of leaf spots/leaf of 15 leaves/pliot. Flots contained 36 plante with three
replications.

Average number of blighted leaves/plant of 20 leavesfplmti Flots contained 36 plante with
three replications. )
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Table 2. Yigld {(t/ha) of o CBE-sumceptible (FH Col
22y, intermsdiate resistant (CM §23-7),
arnd resistant (M Yen-77} clonsas after
foliar applicvations of Fseudomonas putids
{strain F~447.

vt e i S W P e b e, e i o b At Waf e Vbt ok e s, ke . s 2§70 I NG M s i e ot W Wt e Y PR, 3 LA AR AT L i L A LS T

Clores Bpraved plots Caontrol plots
M Col 22 H.8 a~ 2.9 b
oM 5237 14.7 =& 14,9 a
M Yen 77 F.h A F.1 a

#¥ield was recorded from Lthres replicated plots
uf 30 plants pach (12 harvested plants). Border
plants were gliminated. Yields followsd by the
same letteri{s) are not sigridicentiy different
at the 9.05 level of the Dunecan Multiple Range
Test.
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Table 3. Efect ot Hseudomonas tluergscens (strain Pf. cBar on

sprouting of cuttings (cione M Col 1&84) aftter inoculation
with Diplodia manihotis {(Dm.).

A - - o o S 3o il VY S I, FQSE s shom e 75 F O S A W T e Sl s e A WA WA SO A T s o e SO A A W W TR LIS . ek b e WA TR A WA AT L. AR P AR S A WA WA, Y S L L - o A

Treatmentsd Sproutingix Cutting infection¥¥i
{4 ofcuttings! (Z of invaded tissues)
10 min in P, cSa 100 a i6 b’
2 minm in Dm.
36 min dn D H, 0 10 e 97 a
20 min An Dm.”
18 b in Dm.a 40 b 85 a
28 min in D H.,O
20 min in Dm. 0 ¢ 160 a
Controlskkix 100 a O ¢
¥

Dip tresiment in suspensiocons ot 1.1 % 109 cells/ml of P
flourescens {strain Pf. cSa) in distilled water {Dmﬁgﬁb
fallowed by a dip treatment in a suspersion of 5.8 «7i10 pyenio-

sporessml of D, manihoti=s (Dm.) or viceversa.

k¥ Data taken a month after Q}anting in pots with sterile soils

maintained in & glasshouse at 25 C ( + 8361, TOARH and 1Zh photo~
period. SDifferences il sprouting of cuttings were found by the
iogit (X7} system.
LS ¥ 4 . . - .
Data followed by the same letter are not significantly different
at the .05 level of the Duncanm Multiple Ranoe Test.
RREX . . . . " e . . 2. .
Control consisted of cuttinags dipped for 20 min in D~-HO or in
suspensions of strain Pf. cSa.



Table 4. Effect of Fseudomonas fluoprescens {(strain FF-88) on bud germination of cuttings
af three clones cvollected from farmers’ fields (FF) and {from meristem—derived
plants (MFY* and inoculated with Diplodia manihobis (Dmi.

P e At T

VA, —_— —— —_—

ey e A s e e e o e e i e A Wb b s T e o e . e e . W Ak AL bl i T . e e e i, A . A S A AP A L4251 e e i

s st gaam e e e W W WY YR O o g T i ek AL A S B s S sk e e e b AR WA Wi, WS it ATy SHUSE by e S e b A W o Ao JAUHE S (O Wby il e s Tk i A WA S Wi S Wil s o

10 min FF-BY/ 10 min fungicidal
migture/
Clone cuttings 20 min Dm 20 min Dm#x 20 min Dm¥xx Controls
M Col 113 Fr BO {48 kx*¥ 100 {(29) 100 (5 100 (4)
MF O (100} 00 (29) 100 (267 100 (17
M Col 72 FF HC (470 g0 (22) 100 () 100 (8)
MF 10 93 79 {7 80 (13 100 (2
M Col 1468 FF 20 @7 100 (0) 100G {0 100 (0}
MP 106 {98} 100 (23 100 (13 100 ()
¥ Meristem—derived plants (MP) were obtained originally from meristem cultures and

propagated one cycle in the field to obtain stem cuttings.

%  Dip treatments in suspensions of 5.8 x 10° pyconiospores/ml of D, manihotis or 1 x 107
cells/ml of F. flourescens (FPF-88).

#%% Water suspension of Captan/BCH (3,000 ppm each).

¥%x¥%Data taken from 40 cuttings/clone/source treated. The average percentage of tissue
showing fungal invasion after treatments is given in parentheses. Readings were taken
a month after growing the cuttings in pots with sterile soils maintained under
alasshouse conditions.



d. Average vield of fresh roots of several clones planted in Carimagua, Media Luna
and CIAT, in relation to treatments with Pseuwdosonas flucrestens (FF-E8).

v - s ot . S A T s e AP ot S TS B AR VAACE WO S LA 444 USSR e i M AR AP T AL AL Y Y T ALl AU A A A ) LA B S e e s R " i B AP TS e e b s o s s i WA oty

Locat

Yield {(ton/ha) in relation to bacterial treatmentss

v e i 2o WA ALk e s i i T YRR o ek Wbl ol Wy nn 2 e W U <ppre e by o YA AR s ok e st o AR okl SR b o by e o ki A R B e e Ui HR R e Y i s

ion Clone O 1 < 3
Carimagua M ECol 1914 12.1b¥** 14.3b 146.5a 17.64
M Col 1914 11.236 14.35b 15.7= 17.7a
M Fan 1% 10.7& 1Q.1a 12.0a 12.32a
M Yen 77 ~14.35b 14.5b 18.1a Zl.ba
Media Luns CM 342--170 ?.0b ii.lab 11.3ab 12.5a
M Col 72 12.53b 16.0a 16.35a 18. 3a
Venezol ana 10,30 11.3b 12.Zab 13.3a
CIAT-Falmira M Col 1448 Z8.1b 40 . 2 44. Sab 4%9.%a
M Col 72 42.1b 46, 6ab 45. 8ab 47.0a
* Bacterial treatments: 10 ml of a bacterial suspension (1.1 x 10% celle/ml) were

L3

poured at the base of sach plant at: 1 = one month; 2 = one and two manths, 3 = one,
two ardd three monthe atiter planting the cuttings.

Data taken from three replicates of 30 plants sach/loacation/clone and treatmnent.
Border plants were elimimnated. Yield data followed by the same letter(s) ,compared
across bacteria treatments, are not significantlvy different at the 0.03 level of the
Duncan Multiple Range Test.
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Table 4.

-

of cassava.

Effect of six strains of Fseudomonas putida (Fp.), two of P, fluorescens (Pf.) and one of
Bacillus (Bsp.! on postharvest microbial deterioration

b e ek o e

W i, e o — P T

Roeot deterioration (4) after storages
CHMC 40 HMC~1 CHMC 40 M CoL 22

Bacterial strain ____ o - e ——— _

number 1 2 i 2 2 3 1 2z 3

Fo. f-56 0., &% 30.5 7.0 18.0

Pp. f-44 B.8 1.0 7.3 2%.0

Bep. 12.2 2. 15.3 25,0

Bsp., + Pp. +-5b6 b.6 2.5 7.8 28.95
Bsp. + Pp. $-44 7.0 2.0 7.48 16.0

Ff. c-Sa Q.0 10.0 4.5 2.9 38.0

Fp. «-7a .4

Fp. c-4b 7.B 14.8

Ff. c-88 11.0 47. 3

Fp. c-%b 7.0 16.5

Fp. o-7e S.0 18.0

Fp. c-7c 2.0 8.4

Mertaect B.& 13.5 4.8 15.0 1.8 4,0 2.0 8.4 S.6

Control 1,3 34.%5 13.8 74.5 32.5 77.0 18.0 &4.0 100.0

[

# Readings taken after 1, 2 and/or 3 weeks of storage.

1
i

; H
*#* fverage score from 500 roots of approsimately 0.5 Kg each.

- o

Scpore nf ¢ to 100 refers to percentadge
losses due to microbial deterioration (Wheatley, et al., 19B4).

3



-t Table 7.

Effect of F. flugrescens (strain 88) on the root system
of cassava {(Clonege M Ven 77) two monbths after
inpoulation sond incubation untder sterile conditions.

.
S S G o o S W o, A B B o St Y W b LS B A Y Y i il LT y—— e o i G gy, S b i W S el S W Y TR B

Treatmeard Root weight Increase
(g (%)
F. fluoresrens plus nitrogen 4,50% 164
Unimoculated control plus nitrogen 1.7 -

e o S o ol . o A S AL e A A el e e WA b drd o e ) i e e Wi e e e i e i i e SRS A il o ke —

* FResults of 10 plantlets which were imeersed for 20 min in a
bacterial suspension of 1 x 10% cfurml. lLeonard jar contained
sterile Morri’'s medium plus washed guartz.

e -
.
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P. putida

while P.

P. putida F4a

vtida F44 inhibited

LT w4
[T
-
L e )
P} dd 5
U oo
wn apd
[T -
ot &
woE e
[ I
SRR
et b W0
e £
oo IR
e &
) o9
-t o
<
o
]
o3
3
=
-

putida F35 did not.

{clone CM 523-7).
pathogen and

. Effect of Pseudomonas putida (Strains F44 and F56) on Corticium rofsii and

1

Fi

fungal growth; P.
controlled the

cassava cuttings
did not.
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Fig. 2. Effect of Pseudomonas putida (Strain F44) on shoot ti

ps of M Br 191 (top
ys after rooting under continuous
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The bacterial suspension was changed every 48h
de extract from 24h bacterial suspensions diluted in distilled

ht: control rooted in sterile distilled water.
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