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Abstract-The ai m of the present study was to determine, by a field experiment, whether the seasonal
var iatiuns in the levels of cyanide and rutin in the phloem, secondary compounds potentially
implicated in cassava resistance to the cassava mealybug (PIrCllilCCOC/lS nut11 iuo)i), could be influenced
by different kinds of soil fertilisation (manure, NPK, KCI, lime, mulch), It was found that mean
cyanide and rutin contents va ried significantly with season, soil treatments and infesta tion. For each
soil treatment, the highest contents of these compounds on uninfested plants was registered in the
main dry season (Jul-Aug) for cyanide and at the end of the dry season (jul-Aug) and beginning of
the rainy season (Oct-Xov) for rutin, The infestation factor induced an increase in cyanide and rutin
contents for,B combinations of period and soil treatment among -i8 in total. For cyanide content
(~lh,lgostimlil,Lnt function in me,llybugl. this increase appeared significant at the end of the rainy
se.ison (:\pr-\l'IYJ and in the main dry se,lson (Jul-Aug) for control ,lnd KCI fertilisation, For rutin
content (an unfavourable substance for the insect) significant increase was induced by infestation in
each period for manure .ind mulch and especially in the main dry season (jul-Aug) and at the
begin ning (If thL' 1',1 inv Se,ISlll1(Oct-:\(l\') for other soi I trea trnents. Concerning the seasonal varia tions
in the len'l (If rutin, these results showed that mulch and manure are the best fertilisers to increase
C,ISS,1\',1 rl'sist,lIKe ,lgainst mealvbugs.

Kcu I\'(JI'ds: PIIl'lIilc'(lCCII, 1111111 ilioti, Pseud l lCllccid ae. All1/1 ill(ll escIIlcutn, cassa v,1,antixenosis, an li biosis,
phloem S,lp, nitrogen ferti lis.tt ion. c~',ln(lgenicglucosides, plant phenolics, rutin

Resume -L'objl'ctif d u travail presentv ici est de determiner, par une etude de plein champ, si les
var i.itiuns s.usonni:.. rvs des tencurs ~lhlol'miennes en cvanure et rutine, composes secondaires
potcnticllcrncnt impl iques d ans 1.1 resist.uic« du manioc a 1.1 cochenille, pourraient etre influencees
~1,1r differentes te rtilis.ttions d u sui (Fumicr. '(['K, KCl, Calcaire et Paillage), Les teneurs foliaires
moyennes en cvanure et en rutinc des pl.intes sont sigriificativernent modifiees par la saison, le
tr.utemcnt et linn-stat.on. Quclqu« soit le trniternent. sur les plants non infestes, les teneurs
ma xirna les des deux composes sont mesurees pendant la grande saison seche pour le cyanure et au
debut de 1,1 sa ison des pluies pour 1,1 rutine. D' une maniere genera le l'infestation par P,1111111illOli ind uit
une augmentation des teneurs des deux composes en toute saison et quelque soit le traiternent. En Cl'
qui concerne le cva n u re (substance ,ly,lnt une function phagostirnulante), la reponse aI' in festa tion est
plus marquee en fin de saison des pluies (Av-Mai) et pendant la grande saison seche (jui-Aou). En
Cl' qui concerne la rutine (substance defavorable a linsecle) on enregistre une forte reponse it
l'infestation. en toute saison pour les traiternvnts paillage et fumure organique. Pour les autres
trnitcments, la reponse est plus marquee en saison sec he (Jui-Aou) et a u debut de la saison des pluies
(OCt-:'\:ll\'), En terrne de variation saiSllnniere des teneurs en rutine, nos resultats ~uggerent que le
paill.ige et \,1 furnure organiLlue arneliorcnt 1.1 resistance du manioc it la cochenille.

"

Mots Clcs: Plrc'l1ilcclCCIIS 1Ill1l1illOli, Pseudococcidae. MOllillOI csculcn!«, manioc, antixenose, antibiose.
se\'e phloemiennc S,lp, fertilisation azotee. glvcosides cyanogenes, phenols, rutine
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INTRODUCTION

Since its acc identa l in trod uc tio n in to tropica l
A fr ica in th e 19705, th e cassava mca lybug,
Plil!lIn COCCII S uuuuhot ] Ma ti le- Fe r re ro

(H omoptera: Pscudoco ccid ae), has been one of th e
major pests of ca ssava, MnlliJwt csculeut« Crantz.
In 1982, a biolog ic al control programme was
init iated b y th e s uccess fu l in tro d uc tion of th e
South American parasitoid Aponllng.'lrrls (fo rm erly
Epirlillocaf sis) !o/,l': i De Sant is (H ymenoptera :
Ency rtidae) (H erren. 1987 ). One p ossible stra tegy
to enhance efficiency of the parasitoid would be
the introducti on of partially resi st ant vari eties of
cas sa v a . For ex a m p le, cm inc rease in the
de ve Io prnental tim e o f th e pest on re s ist ant
cassava would lead to an ext ens ion of the access
per iod for A. !0I'C'zi . .

Foll ow ing the ident if ic at ion of di fferent
categories o f resi stance in cassava (sellslI Painter,
1951 ; Te rt u l iario e t al .. 1993 ) an d th e
d e mons tra tion of an a ph id-type phloem fee ding
bchav iou r o f the cassa va m ea lybug (Ca la tay ud e t
a I., 199-1b), w e sh o w ed that cyanogen ic glucosides
and ru tin arc tra ns loc a tcd by the ph loe m sa p of
th e ca s sav n p la n t (Ca L1tay lld et .11., 1<) 9-1,1 ) .
C y a n o g en ir g ly cos ide s (I i n a mar in an d
lotau st ralin ) were shown to Lw implica ted in the
m echanisms of plant selec tion b y th e P. Jlw ll iliol i
(a n tixenosis ) a nd rutin was show n to in hi bi t i ts
de vel opment (a n tib ios is ) (Cala tav ud et ,11., 199-1(1) .

Recentl y, under field cond iti ons. we h a ve
show n that th e important cha n ges in th e pest
population observed throughou t the SL',1S 11ns m (1)'
be explained . in part . b~ ' the se aso na l va r iat ion s
in the lev els of th e ser onda rv com poun ds of th e
phl oem. Ru tin content d ecrea sed in th e le ss
re sistan t s enot>Tes du ring th e d r~ ' SC,1Sl1n, when
stre sses (in fes ta tion iln d druught ] we re prevalent.
w hi le th e cva n ide co n te n t (phagos tuuu la nt ) of a ll
te sted g L' lltl types in creased in the dry se ason
(Ca latavud , 1993).

T he sy nthesis of second ary co mpounds in th e
pl an t is m ore infl ue nced by cul tu ral p ractices
(fe r t ilise r, manu re a p p licat ion and burn-beating )
tha n by season a l facto rs . In fact. the syn th esis of
secondary n it w genCt)llS co m pounds (al ka loids,
cy a nog e n ic g lu cos id cs arid g lllcos ino late s)
in c reas es w ith n it rat e fer ti lise r treatment. w h ile
the sy n thesis of non n itrogenous co m po u nd s
(p henolic co m po u nds) iucrva svs w hen th e plant
is c u lt iva ted in " so il poo r in n it ra te fertil ise r
(C or shenzon, 198-1 ; Wa tl'rmil n and ~lo le . 19H9).
Th e in cidence o f ot he r fac tors influence d by

fe r tilis a tio n appears to be more variable: we have
observed tha t a decrease in the phosphorous
corn po si tion of so il in d u ce s an in crea se in the
synthes is o f cy anoge n ic glycosides, but it is not
o f alkaloids. The influence o f d iffe ren t compound
fe rti lis ers on the biochemical ch arac te r is tics of
C,1SS,1\''' has rece ived little attention. Obigbesan
and Favcrni (1976) ob served an increase in the
cyanide co n ten t o f cassava cultivated using nitrate
fer tilise r.

This s tu dy soug h t to d etermine whether the
season a l changes of the secondary compound
content of the phloem sap of cassava could be
influenced by cultural practices.

MATERIALS AND METHODS

Insects

PJIl.'I1(JC(lCC/lS ntanihot! reproduce s by thelytokous
par th en ogen esi s, and the clone we used w as
in iti a lly collected from ca ssava in a local gard e n
in Brilzzav ille in 1985. Since then, a culture o f P.
IIInll iJw l i has been maintained in th e laboratory on
ca ssa va (M. cscII11.'II /n, va r ie ty M ' pembe) a t 22­
32°C and 12: 12 (L: D) photoperiod.

Plants

Our 1V0rk was performed on MM79, a cass ava
geno ty pe giving high yi eld s in Co ngo (u p to 25
tonnes /ha of roots per year) and characterised by
its hi gh resistance based upon both antixenosis
and tolerance (Tertuliano et al. , 1993; Le Ru and
Tertuliano,199 3).

FIELD STUDY

Study site

Th e s tu dy was carried o u t in Brazzaville (Congo)
from O ctober 1990 to December 1991 on 700-m2

p iece of land that had been fallow for about 10
Y:e a rs. The m ain vege ta ti o n was Chroniolaena
drlornln L. (Asteraceae). Its..soil, representat ive of
the reg ion al so ils of Brazzaville (Denis an d De
Champ, 1970) wa s typ ically Ierra litic. strongly
d es a t u rat ed , of sa b lo-a rg llous texture at the
s urf ace and a rg itous below the surface,
charact eri sed by a pHpf between 4.9 and 5.6 and
low organic and mineral components. Chemical
data of so il were provided by the laboratory of
soil chemistry (O RSTO M-Brazza v ille) .
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Th e m onthly mean a ir temperature during the
stu d y period was 25T C (rcl nge 23,0-27,2) and the
r ,1i ni.~1 1 was 163,1 111m vvi th a d rv Sl',bOn fr{H11 [uno
tll S<'·p t<.' m bcr, .. \ :,htl rt d r~ ' :'l'cl:,o n occu r red in
.l ,1 n u cH ~ · ,1n<.1 h 'bru <1f: ',

So il tr ea tme n t

TIll' ti n .' r ul t u ra l p r,~ et ic l'~ rl'Cll l11l11 l' mh' d l u r
l'<l~:- .l\ 'cl by Sih'I,:- t l"l' .1nd .vrr.iudc.vu ( I I)S:' ) we re
, 1~' I ) li l' d, n.un v!v KC!. mu lch, manure . lime ,1I1d
'( I'K ; the l.\~ 1 tou r we re known to in flue nce the
< l~ :- i m il c l t i o n (1] n itro~l'n b: ' p l,1n t:,; (So l tnv r, Il)S:" ),
T he KC!, linu - .md \!PK trl',ltll1l'n ts were ap p lied
t w ic e du r ing o ur cx pcri ru vn t: Il)UI" d cl ~ ' S l' vlorl'
t.i ki ru; lU ltings <~ nd si x mo ut h- ,1fk r, in ,1lcu rd,1IKe
wi th Si lvvst r« <1IHi .. vrr.i u dc.u: (1'.IS:') , \lu kh ,1J1d

111 ,1nllrL' tn ',1 111l1'I1ts w e re ,)pp lil'd .1l'c (,lrdi n~ III Illl'

("l' :,u lts o f ticld tr i.l ls pertol"ll1 l'd bet ween Ilj:-;b .1J1d
l 'l l)l) in d itfc n -nt loca lities in sou th Congo, in order
tl l . lc tvrm in« thl' llp tim.l l g rll\I 'lh cond itiou- to r
,·,1S:- ,I\ '.1 by .vrr ivc t« ( 11) 1)0 ) ,

- ,' Ilntr"l (nIl trl',1I nwnl)
111 \1 k h lrl' ,l tm l'nt: It) 1/11,1 u l l i lY \\ eig h l o f
111l)\1"L'd turt ( It l 'd' 11<1 111 11 1 ~ f"

- l in1l' t rc.i tmon t: It / h,\ l''' gr, 'u nd \lc,di l lgllU ' "~

( ,l kMl' l l ll ~ ,1 t 5:? ,~ "" ,It C,lL)
KCI trv.u nu-n t: ';() I--.g ; h.l u f l(Clll' rl tii~l'I"

:\PK lrl,<ltnwl1 l : ~,=;() I--. g ' h,l , l( \ TK l ~ .' 15:
j ::; tc rld i:-l' r

11 1.111 \1 1'1' l rc.u m c n t: :'> l) l , h,) 1'1 l' I)\'I I1I' !H .lJ H 11\'

" I I :;"" "I n i ll"l':-: vll ,

\ 1,, 1' ," pl 'r: :11l"11 1 in\ 'I,j\ 'I'd ,=; rl' p lil .lll'~ III I ' -ll!l
' l\ '.ll ml ' l 't~ ,1nl! ~ ~t,l k~ I in f" :-k d 1'1" uni nn- tcd L
:l1 ,l l--i l1~ ,1 to t.i l o ! (,1) l' \f)v l' il11l' nLl l l1 n il~ , l.ic h u n it
"l l n~.l inl'd li f)l,l nt s ( It « l ~~ ,W,l lIt w h ich I 1\ ' ,1:- in
till' Cl" l1 t rl' llf the un it (11 )11:-' ,I t thl' l',i ,'-: '>in ll llk r I I I

l im it l!w dfvc"l~ I' l nl'jgh l) 11Urill~ ~ l) i ! lrl ', l \ ml' n t ~ ,

l ): 1!1 t ill' pI, \n t :-i t l\ ,1tl'd in t h I' ll' n t r l ' ut t ill'

l'\i'\':' ill1 vn t.l l \ 11) it \1' ,1 :- \I~ l', 1 fll r ll1l' ill l l ' :-lcll i" )1 l 'r

, l~ ,", <11 11"1' 1. h' rl i l i ~ ,1 li l l n ll"l',11nH'n h \1l' IVr,\I1dl 'l 11 1\
,ll t r lh l l l'l l Icl 1',lCI1 l"\l'vril11l' Ilt,11 lln it in Ihl" li " k l
it, l ', ! (l l'\ f' l TJI1 1l'l1l ,) l lI l1ih I' IT trv ,l tm l 'nt j , Thilt~ '­

ll' l1 tl l11l't fl' c ll tt l ng ~ ( ,1';:' ,1\' ,) ~l' JH1t\T " II I \1\ 1-;-1)

\I'l'r(' p l,1I1 tl 'd \" l' r til" II \' I ll ' l>ch'b uni t in :\11\'l'm l)er
11) 1) \ 1, T lw til, ld W., ~ ( ult i\ ' .1te d lo11 (l\ \'il1" ,). u

tr,h l itil l n,ll l11 eth ,ld uo; l,d in CI\n:-;1l (\\'l·ted ing ,1t the
end {It ti ll' Lt ry Sl',1:'\1n,' nd h(wing ,1 t the bq .;inn ing
(It tlw rai ny "; l',I~on) , TIll' u ~) kc l'p lIt lh v f) I ,) t

im 'l1l1'l' d tw o \I ' ,'cd ings 'lI1d t \ I' O h\ll'ings d 1Iring
the ~rd 11l1 d (1 th mun t h~ 11 ] (u ltu rc, ,' nd ,In ,'n ti­
mill' Irl',l tl11 l'nt n-Il'\\ 't hi.ll.ll ,\ ICl'~ c1r) \\' "s '\ f1p li" d
l,,' ch ~ l"li n1l1nlh,

Infestation with mealybugs

Four infest ation pe riods we re used : January­
Fobruarv (shor t dry season), Ap ril-M ilY (end of
the ra in v seaso n), July-Au gust (main dry season)
ond Oc tober-Novembe r (beginning o f the m ajor
r,1in : ' :,e,lso n ), Thi r ty p lan ts (5 pef so il trea tm ent )
we re art ificiallv infested on the 3rd and 4th lea ves
und er the ap e; with 200 neoriate larvae (Ll) from
ou r l.ibo ra torv colon y of P. manihoti.The use o f a
th ick Sl11 l' ,H of birdlime a t th e base o f infested
leave pet io les pr event s co lonisa t ion of the o the r
pa rt s of the plant by rne a lybugs . 30 o the r pl ants
were left un in fested (contro l), Th e duration o f the
in fes tat ion was one month and all in fested plants
we re l'\ ,' mined twice a week. Mea lvbugs were
,1 dd l'd or removed when necessary to m ainta in a
co nstan t p l\p u!,1tio n. Bet ween each infes ta tio n
peri od . ,1 11 the mealybug s vvcre rem oved from the
infes ted p lan ts, Wc kept the control plants fro m
bl' inS infested by exa m in ing them fortnightl y and
remov ing ,1n:' m calybugs fo und ,

Af ter O I1L' month of infesta tion . the leaf areas
we re measured an d the rutin an d cyan ide co nte nts
(11 dr v leelt extrac ts w er e assesse d in the inf ested
.m d un in testcd (con tro l) lea ve s (21eil\'l's pe r plant
I"l" e .t ch ,I f th e 60 c x pe r iru cn t a l unit s )
1 ' \ lr l" l'~pl'lld il1g tu the S,1 m l' foliar level on the plant.

Phl oe m sap coll ections

l.xII",)( t ~ we re co llec ted bel wecn OSllLl ,m d 1000 h.
1il'( ,llI:-eof d ifficu lties in co llec ting ph IIll' 111 Sc1p by
- t vl cc to ru v wi t h m c "I \'bll g , wc u se d i\

( l:11 1r it'llg,1tilll1 melh l)d n1ll:iit ied from Rohri nger
et c1 1. (19:-'3 ), Th ree mature lea ves pl'r plant we re
(u l \I' ilhou t lhe ir pdi,l !es, \\" bh l'd in d istilled
\I',lk r ,111 11 \l' ipe d. The :' \ \' 1.'1'1..' then e l1\'c lnped in a
11~ ' II\n n lll ~lin (0.05 mm ) cl l1 d ce n t r i t ll ~l'd ilt -WOO
,~ tI lt" 20 m ill , in i1 Son 'C1 1l SS 34 rot\1r il l O-c. All
l'\ tl',lch \Il're frl'l'Ze-d r ied. , \l'ei ghed (± tJ, t 111 1; ) (l nd
, tll red.1I -.?LJ C un til requ ired ,

Thl' Hllid s nbt ained by thi s meth od we re th e
rll ll l ine ~ ,Hn ~) ks ll se d flH all co m p ara t ive
~'.\ ~) e r i me n t s in thi s stud y, Although con tai nin g
L' .\lId,l tes from phloem \'cs se ls (su g ilrS Me 8001.,
su ([<.)se ), th e srt m p lcs are ex te ns iv e ly
Cllnt,1m incl ted wi th mate r ial from uther tissues ,
Hl)\I'e\'cr, the speed of cl' n t rifugCl tio n \l'AS se lec ted
tll ,)I'pid br l'"king the ce ll wal ls,
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Chemical analyses

Rutin, Extracts were dissol ved in 250 ul of 50%
methanol and centrifuged at 15,000 g for 15 mm
to remove solids . Twenty microlitres (20 Ill) were
injected on a C-18 RP-HPLC column with UV
detection at 320 nm (Spherisorb S50DS2, 4.5 x 250
mm, from Prolabo, FRA). Isocr atic elution with
water, acetonitrile and acetic acid (74.6, 23..1, 2%
v Iv) was performed at a flow rate of 0.8 ml/min.
Rutin was used as the standard.

Cuanide« . Dry samples were dissolved in 250 j.ll of
distilled water and free cyanides were assayed by
spectrocolorimetry with a commercial kit, using
KCN as a standard (Spectroquant 14800, Merck.
GER). CN values were supposed here to reflect
total cyanogenic compounds in extracts, i1lthoug;1
cyanides Me mainly in bound form in the plant.

The units used throughou t this work (mgl g
of dry weight), although not representing actual
concentrations in the plant, are a good
comparative index as they reflect the relative
'investment' in secondarv chemistrv as compared
to the total solutes present in a sample. In some
instances, they may be a better estimate than true
concentration data , which m av \ 'cHV due to
dilution effects dUL' to natural ~)hys'iologic'll
r6ponses.

Assessment of water stress of cassava

Among the parameters dependent on drought
stress of cassava. as defined bv the Ccntro
Intcrnacioual de Agricult ura Tropic',ll (Cl.',T) Cali ,
Colombia (Annual Reports), we used the leaf area .
a decrease of which indicates a drought stress, The
assessment of the foliar surface was calculated
using the equation:

where LA::: foliar area in cm-: and Ml.L ::: lL'ngth
of the median lobe in C111 (Hammer, 1980 ). This
non-destructive method is easily applied in the
field.

Statistical ana Iys is

For Analysis of var ia n cc. the three factors:
fertilisation, infestation and s ea son were
considered as <I fixed model. Area of leaves. rutin
and cyanide contents were all found to be
homogeneously distributed between factors, as

tested with the Kolmogorov-Smirnov test
(hornoscedasticity hypothesis for ANOVA). For
each significant factor (P < 0.05) the means were
compared using Fisher's PLSD multiple range
test. These statistics were completed using the
Statview software (Abacus Concepts, USA).

RESULTS

Results corresponding to assessment of the water
stress condition of the plants under different
fertilisation regimes, infestation status and season
are given in Table 1. The 3-way ANOVA analysis
(3 factors: soil treatment, season and infestation)
showed that the Ioliar area varied Significantly
with the season and the infestation factors. The
mean foliar area for un infested plants was
maximal in Ian-Feb (129.5, 150.9 and 168 .0 ern?
respectively) for manure, KCl and lime
fertilisations, then decreased at the end of the rainy
season (Apr-May), reaching a minimum value in
the main dry season (19.1, 28.6 and 44.2 ern"
respectively for manure , lime and mulch
fertilisation) . The greatest reduction of foliar area
(83% decrease) due-to drought stress was observed
with the manure fertilisation. It increased
significan tly at the beginning of the main rainy
season (Oct-NO\'), though with values inferior to
those in [an-Fcb.

For each soil treatment and for each period
s tud ied , the inks tation factor induced a decrease
of the mean foliar area. Nevertheless, this decrease
was signific,1nt only for the main dry season (Jul­
,\ ug) and for KCI and NPK Iertilisations,

The mean rutin contents varied significantly
with season, soil treatment and infestation, while
the mean cyanide contents varied significantly
with season and infestation (Tables 2 and 3). For
each soil treatment, the highest contents of these
compounds on uninfested plants were registered
at the beginning of the rainy season for rutin (7.0
tl)8.S mg/g of dry weight), and during the main
dry season for cyanide (0.9 to 1.6 mg/ g of dry
weight).

The infestation factor induced an increase in
cyanide and rutin contents for each period and
soil treatment. The increase in cyanide content
appeared more significant at the end of the rainy
season (Apr-May) f~)f mulch, lime and KCI
treatments and in the main dry season (Jul-Aug)
for NPK, manure and control treatments. Cyanide
conten t of uninfested cassava and the infested/
uninfested ratio decreased significantly at the
beginning of the rainy season (Oct-Nov) . The
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Table 1. Seasonal foliar areas of MM79 cassava variety, infested (in) and uninfested Iul) for different
soil treatments (Control, lime, KC!, NPK, manure), (mean ± SE) and results of 3-way ANOVA
(fertilisation, infestation and season factors)

TrL' llt~lt:n~_~~SI!,.~ ~l~n J a_~~_Feb _ Apr-May Ju l- Aug Oct-Nov

C ontrol u i 131.2 ± 10.-lil.u '17.5 ± 11.2 ,1.\' ·U l ±16.7a .w 71.0 ± 19.3a.vw
in 106 .3 ± 23 .3 ,1.UW 85.7 ± 13.1 a.uw 16.2 ± 7.3 a.v 54.SI ± 17.4 a.u

Mulch ui 123.6 ± 9.1 a.u 118.0 ± 18.1 a .u 44.2 ± 8.3 a.v 116.1 ± 32 .2 a .u
in 116.3 ± 17.1) a.u 102.5 ± 15.8 a .u 30.4 ± 9.1 a .v 87.8 ± 27 .8 a.u

l. irne u i 168.0 ± ':1.5 a.u 113.5 ± 11.9 a.v 28.6 ± 10.5 a .w 121.3 ± 15 .2 a.v
in l·tO.S ± 12A a .u 100 .7 ± '1.7 a.u 23.5 ± 3.8 a.v 131.2 ± 35 .6 a.u

KCI ui 150.':1 ± 11.7 a.u 10'1.':1 ± 12.0a.v 40.2 ±11.9 a.w 109 .8 ± 17.4a.uv
in 1-l5.9 ± 6.0 iI.U 103.8 ± 7.6 a.v 16.5 ± 5.B b.w 70.1 ± 22 .6 a .v

NPK ui 132.1 ± 7.1) a.u 15U ± 9.2 a.u 28.8 ± 5.4 iI.V 85 .7 ± 26.7 W

in 124.8 ± 15.3 a.u 125 .3 ± 21.1 a .u 10.7 ± 5.7 b.v 77 .J+

\It,l n Url' UI 12<).5 ± 14.CJ a.u 112.2 ± 11.4a.u 19.1 ± 4.2 v 101.2 ± 9.1 a .u
In 111.3 ±12.':I a.u 93 .3 ±10.2 a.uv 12.'1 66.3±17.11a .v. ..~------------------------

Fact ors o f A0:0V;\ : r L'fiod (A), 0.000 1; Treatment (B), 0.0598; A x B, 0.1Y45; Infestation (C) , 0.0101; A x
C. 0.79-l8; B x C.0.71 3Sl; A x B x C, 0.Y<:I71.
:V1L'" ns fo llowed by tIll' same letter are not different ilt5% level (Fisher 's PLSD test following ANOVA ).
a.b : co lu m n cornpar rson (i nfes tntion factor) : U,\ ',W: l ine compar isun (season factor) .
"Only one datum ,l\·,l il,l b ll!.

Table 2. Seasonal mean co n te n ts of cyanide of phloem sap of MM79 cassava variety, infested
(in) and uninfested Iui) for different soil treatments (Control, Lime, KC), NPI< , Manure),
(mean ±SE) and results of 3-way ANOVA (fertilisation, infestation and season factors)

Periods

Treiltm~nt Infestation ]iln-Fl!b Apr-Ma y Jul-Aug Oct-No\'

C o n tro l lIi 0..1 ± 0.1 a .u 0.6 ± O,2a .u 1.5 ± 0.4 a .v 0.7 ± 0.1 a .u
in O.-l ± 0.1 .1.t1 1.2 ± 0.3 b.v 3.7 ± 0.8 b.w 0.6 ± 0.1 a .u

\lukh III O.:l ±0.l,1.1I O.-l ±O.l i\.u 1.1±0.1i\.\ · 0.7±0.2a.u
in 0.5 ± 0.'2 a.u 0.8 ± 0.3 a.u 1.':1 ± 0.8 Cl .U 1.0 ± 0.2 a .u

Lime ui 05 ± 0.1 a.u 0.3 ± 0.1 a.u 1.6 ± 0.2 ,1.\' 0.9 ± 0 .2 a .w
in 0.8 ± 0.3 iI.U 0.7 ± 0.1 a.u 2.8 ± 0.8 b.v 0.'1 ± 0.3 a .u

KCf U I 0.6 ± 0.1 a.u OA ± 0.1 a .u 0.9 ± O.-l a.u 0.9 ± 0 ,3 a.u
In 1.0 ± 0.2 b.u 1.5 ± 0.5 b.u 2.1 ± 0.0 b.v O.B ± 0.2 a.u

\: PK ui 0.5 ± 0.1 a.u DJ ± 0.1 i1.LJ 1.3 ± O..l v 0.5 ± 0.2 u
in 0 .7 ± 0.2 (l .1I 0.5 ± 0.1 ,1.U 2.5+ 0.6 +

Ma nure UI 1.0 ± 0.1 a .u 0..1 ± 0.1 a .u 1.5 ± 0.5 v 0.4 ± 0. 1 a.u
In 1.3 ± 0.2 ,HI 0.7 ± DJ iI.U 2.8+ 0.5 ± 0.1 a .u- - - - _.

F,lct ors of A\:O VA: Pe rio d (A) , 0.0001; Tre atment (8), 0.06·13; A x B, 0 .069-l; Infestation (C ),
0.0001 ; A x C, 0.000 1; B x C, O.H; A x B x C, 03062.
Means fO l1(1\\'L'd bv th e sa me let ter Me no t d iffer ent at S'X. level (Fis he rs PLSD test foll owing
A i\:O YA) . .
a.b: co lu m n compa riso n (i nfe s ta tion facto r): U,\',W : line comparison (seaso n factor).
"O nly one datum av a ilable.
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increase in rutin conten t ind uce d by mcalybug
infes ta tion Was observed for manure and mulch
ferfili satlons for each period . However, it was
observed that without fertil is er (co n tro l)
mcalybug infestation induced a sigriificant
increase in rutin content; the ratio of rutin content
in lea \ 'C S of infested to uninfested plants was 1.5:1
and 1.6:1 respecti vely in July-August and in
October-November. This respons e created

unfavourable conditions for the development of
r. maniuoti. Nevertheless, th is"response was
inferio r to those obtained for mulch and manure
Iertilisations. The corresponding ratios for each
period Were higher than 1.4. The highest ratio of
rutin content in leaves of/infested: uninfested
plants, 1.98:1 was obtained for mulch fertilisation,
at the beginning of the ra~y season (Oct- Nov).
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KC I

L i n1L'

\-l uk h

\ 1.1 n u n -

Tre.itnu-nt

Control

Table 3. Seasonal mean contents of rutin of phloem sap of MM79 cassava variety, infested
(in) and uninfested (u i) for different soil treatments <Control, Lime, KCl , NPK, Manure),
(mean ± SE) and results of 3-way ANOV A {fertilisation, infestation and season factors}
..----. --.-...- ..- ....--- . --· ·- - ---- --c----- ·-- --------- -

Peri od s
.. _--~-_. . --- - --- - -- - -

I nt("~~ !j_l~n_ ...._. J ~~n__::,~~,_~rr-May , Jul-Aug Oct-Nov
1I1 3.8 ± 0.3 ,H I 2.\J ± 0.6 au 3.8 ± 1.2 ,1\' 6.9 ± 0.7 (IV

in -1.:'i± 0.(1,1U 3,7 ± O.6 "1I 8.7 ±1..tb\' 11..t±1.l)bv

111 :' .7 ± n.2 ,HI 3.1 ± 0.2 au (1.7 ± O.l) ,H' 7.0 ± O,4 .w
in h.3 ± 1.] bu -I.:; ± 0,-1 bv 13.0 ± 1.7 bvv 13.Y ± 1.Y bw

ui -H ± 0.2 all 3.8 ± 0.2 .1U (1.8 ± 0.8 av 7.2 ± 1.0 <IV
in 3.lJ ± 1l.6,Ht ·t 8 ± 0.3 iH I 10.9 ± 2.1 bv 10.0 ± 1.8 bv

1I1 :; .\) ± 0.7 all 2.Y ± 0.2 .111 7.6 ± 1.2.H' 8.-i ± 0.5 ClV

in -1.<1 ± 1.2 au ·H ± 05 bu 11.9 ± 1.-1 bv Y.2 ± 0.8 CI\'

1I1 -1.4 ± ll.] .HI 2.-\ ± 0.2 ,1\' iU ± 0.Y,1W 8.8 ± 1.0 aw

IJ) :'i .3 ± ll.7.HI -1.2 ± 0.6 bu 11 .2+ 11.Y"

1Ii <.11 :!: lU .1U 2.3 ± 0.2 all 75 ± 0.8 ,1\' 7.-\ ± 0.5 (IV

In ; .2 ± n.? hu -1.0 ± ll.(1 l:1I }}~:;+ . ,lA~_ i:_1J...~

F.lL'1Il l~ ,>t :\ :\ t 1\':\ : I\'r ll,d L \ l. O.lll)l)] ; Treat n1l'nt ( 13 ). 0.0191; A x B, 0.0737; Inieslati lln (C ),
I),dl lll l ; :\ :\ c' l) .l ll ll ll ; n, C. (I . rouI; .v, G:\ C, 0.2017.
\ 1t-'lIb f" l ll ,wed bv tl 1L' ~.l ll\<·ld kl' .ire I1Ptdi ff erent at :; ' ~" 11.'1'1.'1 (Fi sher 's Pl.Sf) test fullowiru;
.-\:\ 0 \ ':\ ). .i.b: cld Lll11n ( " l1l f' -1r i~ \ l ; l (infcstnt io n factor): ltY,W,X: li nv co m pa r ison (S~e1S()n
I·,l(l()r).
' 0111\' oru - , t.1t\ltll ,\\ ',1i l,lt1 !c'.

DISCUSSION AND CO~CLUSrONS

FIll' v,),'h t ~' IW (It Ivr till ~,)\i ( 'I1, 11H' ob"l' f\ 'l!d
d l'<'l'\',bl' in k .)t ,1I'l\l d uri rn; till' -In ~ l' e1 son and
i t.~ i J) l'r l' ,' ~l; .it rh« bl'giJ) l1 in ,~ l I t till' r ,l in ~' ~l'e1 S 1m

~1H> 1 \'l'd 111,11 111(' ~ )I.Hll :- \\', 'rl ' in dr, \ught ~ t l\' ~ S in
11h'd r. : ' l·,):--\ ' I1 . Lk'; luri-..,l l\·,I· ,1lhi <"\ 'd , (l lJS7) .uid
Y,11 1 l'I ,11 , ( 1\),,:-, I "I" \ 'I'H 'd t ill' - urm- I' l' ~ult (1])

,' ,: - " ,1\' ,) . \\ h i,'h 11" , \ ' ill k rl'l'l'll'd ,1~ bc i n j; ,1

m .x h.in i- rn tl l li m i t \ \' , \1 1' 1' ll l ~ o tro ru lll\' p la n t.

~ l ' , ' -" !1 , ll k' ,l! ,II'V,l \'.lI'l.lli "l1:- IH'rl' not .1f!('ct"d
' !C; n il i,' ,ln t !\ ' b~ 111\' ,l lybug i n h -s t.it iou .
r II r t I,,' r III (l rv , o t t r I' L' " l l I t ~ i n d Il' .i lv t hcl t thc
\',Hi,l ti1' l b 1\'V l'l' il1dq'l'lllivnt lll) fl' rlj l i ~ ,1til)n i1nd
",, '<' l11 n i 1<) d q 1l'11d mor.. (\11 l lh' Itlk'r .1Il(l' oi thl'
,' ,l -~ ,ll ' , l \ 'cl l'il'! \ ' tt' d l" ' L1 t~h t.

1 o r (' ,1..: 11 ~ l1 i l Il'v ,) I[1\ l' 11 1 ux cc p t KCI
tl' ltil i".)tilln r. 11", ,'\ ',1nidv "(IIIIt'I1I II1Cl l',bl'd i]) thl'
.i r-, : ,,(' '' '''\ ' 11 i ] u l -: \ U":I ,1I1d dl' d \'.l -" , l -l ,~ l1 il ic , ll1 l l y

.It tll\' bq.; inning pi tho 1',1111.\' '1',b l'l1 (O et -NI1\ · ) .

l' rc viou -; vvor k 11.l ~ ~u ;';;';l' ~kd th.it ,, ~ , .1I1 i d l' ~ .1[l'
p hc1go"tim lll,1n t III tIll' n1l' cl l ~ bll ~ rc.ll'llayud d ,)1. ,
IlJ')-4 ,1c1nd b), ~ t1 1 1 1l' jncrl,.1 ~l' Ili 1 1 1l'~ l' n ' l)) p (\und s

in C ,l~:,.1\ '.l ko." 'l':; prol1ll1kd 111l' ii\ ,1Iilln l1i r.
/lIl1 lrili" / i on the p l,1nl. On tl1(' llth l'r ileH1d, the
"i:-;ni iicc1nt dl'l'ree'Sl' (If the:;(' ClIJ)1 p()llnd:; at till'
bl'~innil1~ u f thl' r,liny Sl'.1S1)l1 jndll(l'd Il'SS
fi\\'o ll r ilb ll' conditiun~ f(lr til l' In scct. The
infl'~talion filctlH f(':;ull s shl1\\Td Ihc1t the KCl
fertili sali(ln in d ucl'd c1 sibnific.1I1t in(rl' e)Sl' in

cyanide content (as for control soil treatment) in
the drv season, when the abundance of P. nuiuihot!
in the Iic ld was high. These results confirmed the
hypothesis that KC! fertilisation was not sufficient
to help protect the ca ssava against the rnealvbug.

Previous work hos su ggested that rutin is an
un fav ourable subs tance Ior insect development
ilnd that the d c fcns ivc response of cassava to
mcal vbu g nnack \\',1S real ised by Cl s igni fica n t
increase in rutin content (Ca la tayud et al. , 199-1 a
and b). In this context, our results showed that
the mul ch ,1nd manure fertilisation were the best
fertilisers to help protect the plant against P.
nui nihot i . In fact , for cach period, the se so il
m-atrucnts induced il significant increase in rutin
\\'lwn plants were iniest~d . This response was also
\)bsen'ed for plants cultiva ted without fertili sation
(control), but on lv .it the bl'l.~inning of the rainy
season (Oct-Nov).

We obser ved that the seasonal changes o f
cvan id e and rut in co n te n ts. c'1S for leaf area, were
n'ot dep endent on fertili si1lton. The lack of
influence of difierent soil treatments on the
d cvelopment and the ph'ysiology oi Cilssav a in the
dry season D1<ly result in a limited assimilation of
the major nutrients of the soil (N , P, K and Cil )
caused by drought stress (Gutie rrez et aI., 1988),

In 111<l11\' other models, the ilssimilation of
nitrogen by the pl cll1t induces favourable
cond itions for mealybug populiltions (1l1ompson,

,
.. _ ._ .••• •• ... .. .... ..."" ..._.~ ........""' ... - .. _ .....·... -<i,.""" .. _..: · ..~~_':.~~,c~....QIJ4tWJSb;Q&i'i'~~~tQ.O LE
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19-!1; Fc nnah, 1959; Salarna e t al., 1972; Smirnoff
and Va lero, 1975; McClure, 1980; Carnpbell , 198-!;
Washburn et ,11. , 1987 ). Th ese authors suggest <1

pos itive r l' S~10I1se of insects due to an increase in
th « nitrogenous nutr ient content of the plant
w itho u t mention of probable change s in th e
co n tc n t pi a l lcl oc hem ica ls . The inLreil ~ e in
nitrogenous nu trients occas ioned by nitrogen
il' rt il is(ltilln d ep en ds m a lnl y o n the p la n t

~l' LHl t ~' F'l" Scri bcr (19R-!) reported th at this increase
W ,I ~ be tter for herbaceous plants th an for ({ll1 ifl..'rs.
In .id d ition. th e positi ve response of herb ivorous
insect s to nit wgen fertilisation mav reflect ,1 shi ft
in ,I p lant' s ca rbon-nu trient billill1ce <'I WCI)o' from the
prl ldu cti OL1 ,1 f ph en ol iccarbon-based corn pounds
to n itrogen-based co m po und s (WMing and Cobb,
1992). Th e abse nce of rclationshi p s hctw,..x-n th e
.mtibi o tic resi s tance o f cassa v» i1nd Ioliar a mino
,1( id co n ten t. described by Ter tu liari o and Ll' Ri.'!
( ll) l)2), c\nd til l' prob.i bl e m ctabolisanoo in P.
inani h»!i lli n itre19l'n llf cv anido corn pound s, vv hich
l11 ,' ~ ' L\-'p rl' ~l'nt the m ajor n itro gen ous source l.lf the
phloem ~ ,l P {I f cassava (Calatavud. 1993) , sLl ggests
Ih,l t tilt' (c1 ~S,l\ 'i'l l11 t.'ill ybug is less se ns itive than
othe r in sect ~ to changes in free amin o aci d con ten t
i n tlw pl,'I1L f urthe rmo re, the drou ght st ress in
the dry se as on indu ced Cl sig n ifica n t incrc.isc in
to liar cva u ido content for each so il tre atment .
WMing an d Cobb ( llJ92) showed a Srcilt d i\'l' r:-j t~ ·

u f hcrbi \'(lWLIS insect resp on ses to Ic rtil is,ltinn ,lIh 1

obs e rve d ,I gOlld respon se of the pest on ron ifl'l'~

cu lt i\',1 ted on ~) ll l lr su iJ. The major ob se['\ "ti (l l1 ~

m ,hi " d uruu; till' 1',151 20 ~ 'L'<1r S on P. 11ll1l1 il ll' l i h,l\ l'
shu\\'n th .it Ih ,' n .i t u ral a bu ri d an c« o f Ihc Pl·:- t
uc(u rre d in thl' d rv sc .is on and tha t the d'l ll1'\hl'

\\',15 less wh en C" ;5,1\ '" S w ere cultiva ted on '-1 ,iI
rich in o rg. i n ic e le ru cn t» (N w .i nze et ,1 1., i lJ/') ;
\-'1c1 t i le- Fc rr vro. I ')/~ ; ~L' lll' n sch \\ ',1l1d l' r c t ,,1., 1q~9;

19 L)()) . ThL' sl' ob Se [\',ll ion s s Llgg,' st ( I ll"'\,

s im i l ,1[ i t ie~ \\'jlh c Ol1i icr~ (perenn i,, 1 pl.m!:') . l )llr
re sults o n tIll' L'ffect of m anure and ll1uk h
fer t iI i~ ,11i {)n s o n th l' ~ \' nth e s is 0 t ru t i11 I"
potenti ,1 11y Unf,1 \'L1Urablc ~ub:; t ancl' to n1L',\I ~ 'b ll ~
dl' \ 'e ll1pllw n t) in infe st l'd (,ISS,1\'i1 fLlr L',1(1l f" ' rIL ,l!

s tu d il' d ,lrl' con sisknt w i th thu se L' eH lil'l'
ob se[\',1 t iL1n s .

A ltlw Llg h ( ILl[ result s need con iirm,l tion \,'itl1
more tests in..:luding ~ . ield ,LSSl'SSl11e nts, \,'l' (,111

rec ommend II I growers the culti\' ,lti l1n of (,!SS,1\',1
w ith mulch or !11 ,1l1ure fert ili ~,lti Lln in ordl'r to limi t
th e d"n1c1gl' Il1duccd b ~ ' r. IW/ Jl i/lll l; in thl' cl r~ '

seaso n. Thi s recomL11Cnd,ltio!1 hil ~ id rl',ld y bL'v n
s ll gg,'~ le d by prL'\' ioll S ob se[\' ,\tion s , \\' hl' fl'
dill11 i1 ge induct'd by the ~)6 t w as rare h' Ob S~[\ ' l'd

on cas s a v as cultivated in forest regions ,
Nevertheless, our results are interesting because
they suggest that an organic [ert ilisation (manure
or mulch), <1S is found in forest regions, ind uces
favourable cond itions of the soil around the tubers
and roots of cassava (humidity, development of
rootlets and microorganisms, etc.) thus facilitating
th e assimilation of nutrients of the soil under
drought cond itions and helping to protect the
C,lSSClV1\ against the pest in the dry season.

AckH(l(l'lcdgc/IIl'/lIS-We thank A. Kiakouama and
A. Agossou for their technical assi stance, V. [ames
fo r her English corrections and to the three
ilnonymoLls reviewers at Insect Science and Its
Ap plication who contributed suggestions and
constructive comments.
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