
P age 2

}IE }IA TOD E
AND SOLUTIOT{ FON A

C. P. P. D. R. - JanuarY 1985

DAMAGE ASSESSUEI{T PNOBLEMS
RICE NEMAÎoDE: HInSCHMANNIELLA 0RIZAE
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Evaluatlon of pathogên1c1Èy of plant Denatodes poses dlffloult
Dethodology prob I eDs. l{ost planf neDabodes are obllgale
paraslteE and canaot be cultlvated on artlflolal Eedla. NenaÈodes
are lnv isLb l e to the Daked eye aûd 1n thelr DaJ orl ty th€y neke no
EacroEooplo danage. Most Denatode attacks oa pl ants rê sul t 1n
heavy yleld losses unacconpanled by any ÿls1b1ê syEptoE. Therê
are no l eaf apots, no d16oo l oratlon or chaage of ooI or, Do
nal forEetlons, but on 1y a geaeral reductlon of the plent v lgor
that nay be too sl lght to be readl l y Eotlêed. As a resul i, plant
nenatodes are ofteB coasldered as paraslteE of 11tb1e 6 c on o[1c
lnportance accordlng to thê coDDon rrlsdon tbaf rrhât you oaDnot
see oannot hurt you. Not so lrlth nenetode8 thet oân reduoe by a
Ehlrd, a half, or nore ùhê yleld of an apparently hêalthy fleld.
It 1s oa6 of th6 tasks of plant D€natologlsts to prove to
sceptlcal farners and agrononlstE the reallty of beavy nenetode
rel aüed yleld IosEos.

Tradltloaal ly, yleld l oeses have bêen deDoastrated by 1)
hlstopathologlcal studles; 11) ohealcal fleld tests; and 111) pot
lnoculatlons.

1. Hlstopathologlcal Stud le 8

the flrEt step 1n dêDoDstratlDg th6 pathogonlclty of a nenetode
1E fo Dake sure fhat 1t 1s able to lnf11cb danage to pIaÀt
tlssues. fnooulaü1ono, erüracül,ons, aad stalnlng experlnents
§how rrbere and how the peraslte attaok the roots or fhs ae rlal
parts of the p I ent. The potentlal noxlousness of e nenatode
depends, up to a poln ü, on 1ts uode of ettack. A peresl te that
fe€ds 1n tbe central cyllnder 1s nore Ilkely to do heavy daDage
tbaD one Ilke E. orvzâê that renelnE 1û the cortex. Houever, a
cortlcel attack, 1f suatalned by a sufflclent nuEber of
nenaùodes, can reaul f 1n tofal desùruotlon of the oortex â!d
deatb of fhQ root. Hlstopethol ogy nay lndicete a pctentlal
thr€at to a plant, 1t doea nof evaluate the extenb of tbls
threet.

2. CbeEical FleId Tests

Many sùudles pret€nd to obteln a dlreoü estlmate of yield Iosses
by coDparing, Ln a statlsÈ1oa11y stgDlflcaDt f1e 1d 6rpèrlEent,
oontrol pIot,s to plots treeted wlth e sultable aeEatlclde. Sucb
experlmenta oftên show a hlgh yleld llcrease oorrelatod to tbe
control of thê nêratodea. For eranple, chenlcel coatrol of E.
oryzaê ln Japâa resul têd ln a 381 yleId lacrease ( Kanashlna &

Ho11, olted 1n Sldd1ql, 1973). However, 1t 1s not, poBslblê to
conclude that nenetodês ïêre the aole responslbl€ of the observed
ylêId Ioss. fn addltlon Èo the target pest, nenatlcldes nây elso
control othe r posts. Soue ohenloal s hav e e dlreot fert1l1zêr-



C. P. P. D. n. - January 1985

3. Pot Experiments

PaB e

l ike ac t ion on t.he p lant. TbiB reBults in a yield increase iuthe absence of any pathogen. 0n the oÈher hand, some pe6ticides
nay be phyÈotoxic at higher conceDtratiotrs. They also này deBtroy
natural enemies of the nenatode. Fina1ly, pesÈicides nJy have apositive andlor a tegative eff ect on Èhe plant whetr they
interfere uith haruful or with beneficiat soil bacteria.

1o avoid the aide effec tE of c henic a 1s , plaot grorÿth in pots
inoculated vith a ûeûatode can be compared to the gro!ÿth in noo-
inoculated contro 1 potB. Suc h erperiments ofteD 6how a high
corre lation betneeu numb er of inocu lated ueuatodes and p laut
grorth reductioE. For ex amp 1e, Babatota & Bridge (f 979)
demonsÈrated a yield reduction of 30 to 387 in pots inoculated
with 1r000 or 5,000 [. orvzae specinene. These resultÊ are
inconclusive because potB provide a very artificial nediun for
the culture of the plant and its parasite. pots are ena 11 and
roots cannot deve lop proper 1y. Ihe hypothesiB that a hea lthy
root growth caa rroutruarr a aematode attack is large 1y unproven,
but it remaing that roots deve lopping in a crowded ef ace may be[ore sueceptib 1e to nema tod e att.acks. Other environmental
factors, aDd particularly üemperature and the watering of the pot
Eay also affect the plaEt and loner itg natural resistance to
peras ites. The parasitee tbemselves euffer fron the aalne
euvironmeutar factors and from Èhe extract.ion/inoculation trauEa.
More than ha 1f Èhe inocu lum disappears after a few days, and
populations remain low until the Bext generation is picirtuced(ForÈuner-, L977b). Pot erperinents may a 1so be biased byttoverki 1 Irr wheD an enoruoua iuor u lum (up to I0r0OO nemaÈodes per
pot) ie ueed. Eowever, a higher inoculun does not alwaye resultin a higher es Èab t ished population in the pot. An inocu lum of300 E. orvzae produced a final pot population of 9,000 afterthree uonÈhs. Final populations uere not higher when a tlro and a
ha 1f tine bigger inocu luu wss ueed (Eortuner, lg77b). Becauge weigoore what happens in a pot after it hae b een inocu lated,
results of pot experinente alao are suspect.

Eistopatho logical studies are inconclueive, field pest.icide tesÈs
are Èainüed by side effectg, pot experiueutg. are ioo artificial.
Âre ue doomed to ûever know for eure how much damage a nematodeattack âc tua 1ly do?

4. üicrop Io ts Erperiments

IIheu I started !ÿorking in Africa on the rice root nenatode, E.
9LI-Z-49.r I quickly diaeovered that nunerouE obeervations hinted at
the poesibility of a high d anag e tà tle rice by this nenatode,
but aleo that, for the reasons explained above, no single study
wae perfecÈly satisfacÈory. Ilhat was oeeded rras sE erperiment
nedium sna11 enough to be uDder complete control, and at the same
tine large enough to i!ûitate DaÈura1 field conditions. Belped by
ny co l leagues at 0R§T0M (particularly Miche 1 Lus and Georges
üerny)r I decided to use the microp tôt dee ign e laborated for
population dynanics studiee by Seinhprst and by 0oetenbrink, in
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Eolland. I conducted soûe experiments !ÿith H. gJJZse that were
pub I ished in two arÈic1es (Fortuner, L974;L977a). Probably
because these pub l icatious are in French, they did not receive
nuch attention from the scienÈif ic conmun i t y. The method used
aEd the results obtained in !hese !e6ts are brief 1y sumorarized
below.

4.1. MethodB

Fig. I shows the microp lots at Dakar (Senega 1) 0RsToM nerrato logy
laboratory. The plots are c enen t cubes one cub ic meÈer in
capacity, where rice can be cultivaled under flooded conditions.
The plots were initially fiIled with soil disinfected \diÈh methaE-
sod ium. Because soil of all p1oÈs were sinilarly EreaÈed, any
possible s ide-effect from the chenical wou Id occur in all plots.
Speciuens of H. orvzae, obtained from a local rice f ield, were
cultivated in pots in the greenhouse. NeEatodes were exlracted
fron the culture poEs several times aÈ a few roonths inÈerva1, and
reinoculated to nore pots Èo increase the available populations.
Each successive extrâctioD was nade by elutriation where
Denatode6 ar-e washed from soil' soil debris, and soil
nicroorganisms by waEer. Fina11y, large nurnb er s of H. orvzae
were inocu lated Èo f ive niicrop 1ot5. Five other Plols were us ed
as non-inoculated p1oEs. No fertiiizer was added to the soil.

F ig. I - Geûera1 view of the
nicroploÈ§ .at Dakar (Senegal).

figA- Difference in growth
in plots inoculated and non-
inocu Iated Igith H. oryzae.



Two Bucceaaive rice cultures (fron July to Novenber 1972 and from
November 1972 fo Uay 1973) were Eecea6ary to estab l ish nenatode
populatioug iu inoculated Plot6 at a leveI sinilar to locs1 field
pop"fation levele (2,750 teBatodes Per Iiter of eoil, and 100 per
irà, of roote in Senegal De1ta, ForÈuner ' L976). 0baervationB
iere uade during I thi;d cultivation, from l'lay to Septenber 1973,
which ie the norual rice growing seaaor in nany Parts of Senegal'
Rice was aorrn directly inÈo tbe Plots at a deneiEy of 25 plante
per square meter' ideniical to local field density. 0bservations
*"re r.de only on the ûine planta in the uiddle of each plot'

4.2. BeBults
4.2.1. First Erperinent I{ithout Fertilizatiou

P lantB in a 1 1 p lots sere eeeming 1y hea lthy, without any d isease
6ynpÈoro fron nimatode or o Èber Pes ts. Rice p lents it iaoeu lated
oiot" *". " 

marked 1y ena 11er and less vigorous than P Iants iD
àontrol ploÈB (Fig. 2). Eighly eignificanE differencea betueen
inoculatéd and conÈro1 planta occurred in nuober of tillers per
pir"t (f0.2 vs. I3.6), nunber of panic lee (10'l vs' f2'3), -P1ânÈ
i"igf,t (78.5 cn vs.8i.0), P lgn-t seiSht (43'9 g ve' 74'I ), aud
panlcle rreight (Z.tt g vs. 3.Il).

Grains from each plant (nine cenÈra I P1ant6 Per Plot) sere
harve6ted separately, rlried, and weighed' Dry ueight per p laot
,i. f,igf, ly eiguifi"a"tfy diifereot between iooculated plots (22.3
g) aod-nou-inocu lated.ones (3f.6 g). This represente a yie 1d

io"r o f. 4L.72. Tbe gerninative power of the graine was not
reduc ed by the neEatodes.

llematode populations at harveBt sere 3,200 to 6'000 nemstodes Per
liter of soil, and 5 to 30 Per gran of rooE'

4.2.2. Bffec t of Fertilizetion.

A aecond Èe8t was nade with ÈYetty nicroplote shere rice was
culÈiveted under s ini 1ar corditiots' Ea 1f Èhe Plots $ere
inoculated with !. q-4fJ 2 g.9. Ib each series, five PIots received a

ferÈilization fornuia (I35,40, and 50 kg/ha of the ele,ents N,
P, aad K) conmonly used iu Senegal rice fields '

0bgervations were Eade after Èro prelininary rice culture8, from
April to Septenber 1975.

Às dur ing the f irst test, PreBence of nematode6 reduced rice
grorÿÈh, sleEher fertilization Iras aPPlied or not' Yieldg iu dry
weight of grain Per Plant uere aa f o.1lose:
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TreatEenÈ

1. No fertilization,
?. -do.
3. Sertilizatioo
4. -do-

Peg€

S ign if icativity

bc
b

cd

t
It

Grain Dry
t{e ight (g)

Dema tod es
no ûeoatodea
ûeûatodes
no nematodee

24 .9
36.r
33 .7
41.5
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Nenetode populatlons at harvest were 1r500 to 2r500 nênatodes pêr
liter of soll, aud 90 to 410 per gran of roo!.

Yield losses ln non-fertlllzed plots (treatDents l and 2) 1s 451.
this conpares well w1üh the 42I observed ln the flrst tes!.
In fertlllzed plots, Deratodes reduce yleId by 23f (treatnent 3
and 4). It can be noted that., when Denatodes are present,
fertll1zatlon signlficantly lncreases yleld (treabnent l and 3,
+35t) but, Hithout nenatodes, the effect of fertillzatlon is !ot
signiflcant (treatment 2 and 4). It can el so be noted that
treaüEent 2 and 3 are aot slgnlf lcanf 1y diff6rent. FroB plots
with the Iordeat yletcf (treatnent 1, no f6rt111zer, nenatodes
present), the lncrease 1n yleld obtalled by fertlllzatlon onty
(treaLnent 1 an<l l, +35I) fs not sl8nlficantly dlfferent from the
Lacrease ln yield Uhat result froE tbe absence of ühe nenatodes
(treatnent 1 and 2, +45I). Naturally, the best yleld 1s obtalued
rrhen both nenatodês are absent and fertllizatlon 1s used
( treatnent 4).

In coûcIusion, E. gIIZeg slgnlflcantly reduces yleId, evea when
the rlce 1s grown 1n the best condltloDs Hith adequate
fêrLlIlzatlon. llenatode danage oaused by [. orvzae oD rioe is ao
hlgh that reEovel of tbe nenatode produces en lnerease in yield
oouparable to the increase produced by f€rt,lIizatloE, a ooDrlon
agricultural practlce.

5. Dlscusslon

Microplof experlnêDbs are propoaed as a rellabIe netbod Èo asses§
nenatode daoage to plants because i) plants are grolr! alnost
uBder fleld condltlons. So11 teEpêraüure, rraterlng, and volune of
so11 aval l ab 1e to the roots are slnl l ar to natural oonditions;
11) nenatode popul atlons are ab 1e to get over the trauEa of
lni tlal laooul at 1on and get establ lsh€d ln the plots at norDal
f1ôId populatlon levels.

It 1s uaI lkê I y thât other pathogeas ( bac terla or v irus for
exanpl.e)were LEüroduced 1n the ptots rith th6 nematode iDocuIuD
beoause 1) nônaüodes fron tbe fle 1d âre oul tlyaüed 1n the
greenhouse durlng several cultures prior ùo laoculâtioa. Betÿreen
eaoh suo oe ss 1v e cul ture, nêna t od€ s are extracted by aIl
elutrlatlon nethod bhat ÿrashes off Eost surfac€ contanlnaats; aDd
il) bacterlal, fungal, or v lrus dlseaa6s are usuaI I y ylslble
nacrosooplcally by the oharaot6rlgtlos lrpotE, changes in oolor,
ot' nalforEaÈ1ons tbey oauEe. l{o such Eyupton HaE êver observed
In the experln€nt, Dlcroplot§. llêye!'theIess, it erould be beLter
to ralse the I ast doubte by a proper oontro I of fhe ab seEce of
oonfanlnaüIon of the lnocu1un.

It has been argued that bhe aucoes§lve rice over rlce over rice
oultures a'r6 daDaglDg to the plaats. In fact, beoause the
control plotE bear a slnilar contlnuous 1106 oulture, any probleul
related to rlce Donoculture ïouId ealsü 1n lnooulaÈed and control
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plots a1ike. Also, adver s e effects of Eouocu lture is probab 1yfor t.he most part linked to the establishnent of high pojulationà
of pathogeric neuatodee. This is precieely the point- wà want toinveet iga Èe .

üicroplot experineuts have denonstrated conc lugively Èhe danage
cauaed by E. orvzae Èo rice culture in Senegal. It iB hoped thatsinilar teBts ui11 be conducted Èo asseaa rice damage agiociatetl
with the related ûematode E. be1li in Califoroia.
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