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INTRODUCTION

o Since 1980, the AID-Regional Crop Protuction project in West Africa has been
developing methodologies for pest losa asseasments in millet. The major reasonsa
for meking quantitative loss aaseaanents are (1) to establish the economic status
of aspecific pesta, (2) to determine the level of juastifiable  expenditure on.
control actions for each pest, and (3) to provide a baais for planning research
and making agricultural policy deciaiona. '

Efforts in Senegal, Guinea-Bisgiu ond 4hs T:ozbis 2ucins the first two years
were based on a split-block deaign involving paired, insecticide treated ahd
untreated replicates within farmera’ fielda. Although this design waa atatisti-
cally valid, results were lesa than satisfactory for the follcwing reaacns.
First, the nethod did not allow fcr differentiation between tyrea of insecct

.- damage and subseduent loasses... Secondly, -there were experiaental -errors due to
incomplete control of peats in the treated plota, insecticida drift into un-
treated plots, and complicaticns cauae¢ by the direct effecta of insecticides on
rillet growth. And finally, disease end weed peat losses were not aasessed.

Therefore in 1982, ' crop protection consultants from the University of Kary-
- lend were asked to deaign and evaluate a loas aaseasment procedure that did not
' involve inaecticides. The work was conducted in 10 miliet fields in Seneqgal,
with the help of Peace Curps Volunteera. The method {nvolved taeqging 100 aillet
pPlantas in each field and following these planta through the courae of tha seaacn
to determine relative impcrtance of each peat. On the aeacsumption that the pro-
portion of damaged planta or plant parts ias directly related to yield 1losa,
lossea attributable to each pest group were estimated, provided that each type of
damage could be distinguishable at harvest. Thia apprcach provided satiafactory
estirations of lcases due to direct pests, that ia; those that attack the grain
spikea of nmillet at later growth atagea, ;. Although possible loaaea caused by
indirect pests were not addresseéd, it was felt that direct peets account for
most of the differences between actual and attainable millet yield in the absence
of pesta, S ’ ST TT o
Although the loss assessment approach used in 1982 provided a relatively
.. .simple e&nd precise tool to establish millet loss profiles, it was not without
problenra. A major one was tha lack of conaiatent and accurate pest activity data
throughout the season. Many of the participating Peace Corps Volunteers lack~d
both a background in peat management and experience in millet. Other problcng
involved the-time-lest- trying-to -locate tagged plants at harveast and the inabili-
'ty to breakdown stand reduction losses into specific caugesa,



To further refine.loss asseasment nethodology, the same basic approach was
used 4in 1983 but with ssveral modificationa. A loes assessment team fron the
‘Univeraity of Maryland curveyed peat losses in 42 -millet fields in 8 Sencgalecce
villagea during the harveat period in early October. This report presenta the
results of the 1983 nillet loss aasseasment project.

' MATERIALS AND METHODS

Survey Dssign - The study was conducted in the Sine-Saloum region which con-
tains 35% of Senegal’s crop area. Eight villages extending about 100 km south to
north fron lioro tec Dicurbel were contacted for aurvey. Theee villages includad;
Nioro, Dinguirege, Ngapak, Sanghil Serere, Faasa, Oudior, Boustane and Ndiabal.
Vilagea were aselected by the sector chiefa as being representative of typical
villagea and also moat willing to cooperate; therefore, they vere not seelected

conpletely at randoa.

Seventean farmers (1-3 per village) with 42 millet fields (1-3 per farmer)
“participated and were also selected primarily by the sector chiefa., All nmillet
fielda grown by each faraer ware sampled so that hia overall aillet production
and profile of yield loas factora could be related to certain socioeconoanic
information about the faamily unit. - T : -

The 1982 study demonstrated that most direct yield losses can be quantified
at harveat, even without prior knowledge o the nature and extent of each loas
factor, Therefore, azeaasments of the following yield loas factors wera con-
ducted only at harveat on a random aample of plants in each field. .

o e o e it o it

1. Hildew (Sclorospora graminicola (Sacc.) Schroet. was assumed to be the

2. 3Smut (Tolyposporium penicjllarise Bref. was assumed to be the prinmary

3. Ergot (Clavicaps fusiformis Loveless)

4. Birds (buffalo weaver - Bubalornis albirostris; village weaver

3. Flower fesding insects (blister baatles - Hylabris and
Paalydoletta app; scarab beetlea ~ Pachnoda app. o

6. Head borar (Raghuva albipuncgtella De Joannis)

7. Grain feeding insects (grasshoppers - Ocdalaus, Kraussaria,

8. Stem borer (Acigona ignefusalis Hmpa.)
9. Rodents and other monaals

10. Stand reduction caused by bLoth agronomic and pest-relatad
factors

The nature of these factors and their actual impact on millet yield are discussed
by Dively (1983). ‘



Tows was measured in each field at five locations selected where there was no
avidence of atand reduction (or miassing planta). :Thg number c¢f planta per 10

setera of row was recorded at each location.

‘Row width in meters and the fipal spacing between plante were also' msasurod
at five locationa aelected by following & atratified random pattern. At each
location, the f£final spacing was deterained by counting the number of planta per
25 metera of row.

The procedures for estimating stand reduction losses asesured that plants
growing adjacent to the apacea left by missing planta do not produce additionsal
yield aa a résult of leas competition. It waa aleo sssuned that no yield losaesa
occur if the final plant population is equal to or exceeda 10,000 plants per
hectare, even though there is a reduction in the initial plant population. Rea-
search has ahown that the optimum millet stand is 10,000 planta per hectara,
spaced one neter apart within and between rows . (perscnal communication, Bill
Settle). - -

coordinates of the peorireter on a grid and then measuring the area using .plani-
metric techniquea.

Blggg Sappling =~ Twenty-five plants were sampled per field usiny a rcndoi
start and systematic selection of five plants in each of five areas of the field.
The tera ‘plant’ herein rafere to a plant cluster which normally consists of 1-3

individual plants.

Plant sampling was conducted by tesms of three peopls including a recorder,
examniner and cutter. The cutter was usually the son or laboror of the coopera-
ting farmer who was instructed to cut only thoae spikea that normally would be
harvested. The following information was recorded at each plant:

1. The number of the four possible neighboring plants (two adjacent
ones in sare row and one in each adjacent row) was recorded.

2. Woed density was assessed around each plant and recorded as a percentage
of the aurface are: covered by weed vegetation. Visual ratings were coded as 0 =
no weeda present, 1 = 25X of the area covered by weeds, 2 = 50X of aurface area
covered; 3 = 75% weed cover, and 4 = 100% wveed cover. The observational unii waa
a one square acter area with the plant aituated in the center. WUWeed coapoaition
expreased aa the grass portion of the weed cover was eatimated to neareat 10%,

3. If no spikes were present, it was determined whether the spikeless condi-
tion wvas dua to mildew, drought, insects, or unknown cauaes. The aarpling
proceas for spikelesa planta waa then complete at this point. o

4. The numbers of harvestable and unharvestable spikes were recorded. Also,
data were collected on the number of epikeleas tillers that were more than half
the overall height of the plant.



5. The damaged length of unharvestable spikos attributed to each loss factor
was neasured and sdjuated according to the unit disnater of the largost apika,
In other worda, the damaged length on smaller spikea was aceled down proportion-
ally according to the ratio of their diameter with the unit diameter. The
adjuated -length of unharvested, immature apikea was alao recorded. _ .

All harvestablo spikes were removed from each plant, packaged in bundlas
marked with the plant and field codes, and brought to the village where they were
later processed. :

Spike Mensurenents - The weight per plant of harvestable spikes collected
from each fileld was deterained. Total spike length per plant was messured and
adjuated according to the deaignated unit apike. Spikes ware then examined for
danage causeéd by each yield loas factor. The adjusted danaged length pertaining
to each factor waa recorded.

A composite sample of undamaged spikes frows all fields were individually
measured, weighed and threshed by traditional means to determine tha relative
weilghta of grain (sack), chaff (glumea and other aassociated reproductive tiasue),
and core (rachis). Six sanples of 50 diseasa-free and 50 sautted grain kernela
were also weighed to determine the relative weight of sautted grain compared to
good grain.

Socioeconomic Informatiop - Each cooperating farser was interviewed to obtain
the follcwing information: ' ’ T
1. Planting date, s0il type and rotatibn system of each field,
2. Distance froi field to village.
3. Fertility and pest control inputs.
4. Dates of weeding.
5. Millet yield that is considered “good".
6. Number of women, men and children per fanily unit.
7. MNillet consumption per day per fanily unit.
‘ Q. Rumber of years out of 5 that millet was in short supply.

9. MNeans of buying food when the aillet is in short supply.

10. Expected cost of buying millet in the market place right after harvest,
6 montha later, and just prior to the next harvest.

11. Labor costs to produce millet if people other than family members are
hired to work the fields.



DATA ANALY3I3

¥

Actual Yield - The yield in kg/hectars of grain waight (AY) was computed by:
| . -AY = UNDANWT X FPLTDEN X PGRAIN

the weight of harvestable spikes per plant adjusted to equal
the waight of only undanaged spika length

tha final plant denaity per hectara

proportion of grain on the apikea

vhere UNDANWT

FPLTDEN
PGRAIN

To corract the spike weight for the damaged portion, the proportions and
vaighting factora of grain, ‘chaff and core prescented in Table i1 were used to
generata relative weights of both total and damaged portiona of harveatable
spikea. '

The total relative weight (TOTRELWT) is given by:}

 TOTRELWT = (TOTLTH X WFCORE) ¢ (LCHAFF X WFCHAFF) + (LSNUT X WESMUT) +
(UNDANLTH X WFGRAIN)

i

'where TOTLTH = the total adjusted length of harvestable spikes
WFCORE = weighting factor for core S
LCHAFF = the adjusted length of chaff
WFCHAFF = the weighting factor of chaff
LSXuUT = tha adjusted length of saut
WFSMUT = the weighting factor for smut
UNDANLTH = the adjusted length of undamaged portion of the spikes
WFGRAIN = the weighting factor for grain. .

It was assumed that all yield loss factors causing direct damage to thae spikes
had no effect on the length nf core or chaff except Raghuva which removes 50% of
the chaff as a result of its feeding behavior. Thus, LCHAFF = TOTLTH - 50X% of
LRAGH (the adjusted apike length damaged by Raghuva).

The relative woight of the damaged portion of spikee (DAMRELWT) is given by:

DAMRELWT = (DANLTH X WFCORE) + (DAMLTH X WECHAFF)
(0.5 X LRAGH X WFCHAFF) + (LSMUT X WFSNUT)

vhere DAHKLTH = the adjusted length of apike danage caused by all yield loss
factora combined, e Tt em e e

The weight of the undamaged portion of spikes (UNDAMWT) is then given asi
UNDANWT = TOTWT X (1 - (DAMRELWT/TOTRELWT)) -

vhere TOTWT = the weight of harvestable spikes including both dalaqu and un-
damaged portiona.



§gggg nggggigg - Yield loaaes as a r@sult of reductions 1n the plant'”ﬁf

population (YLF ) vere coaputed as follows:
STDRED

. IPLTDEN = 10000
. RW X ISPACING

FPLTDEN = _____10000
| RW X FSPAGING

o STDRED = ;gLTgEu_;_EBLTDEH X 1°°.

IPLTDEN - -
- if FPLTDENY 10000 thon x STDRED . 0

YLF = ___% STDRED __ X ACTUAL YIELD

-STDRED 100 - X STDRED

vhere IPLTDEN
ISPACING
FSPACING
FPLTDEN

%X STDRED

the initial plant density per hectare
the initial average spacing in metera between plants
tha finsl average spacing in matera hetween plants.
thae final plant denaity per hectare

arcantege of atand reduct.ion

-Best Losses - Yield loss attributed. to_diract:paests was determined by:
YTLOSSn = UNDAHWT X DAMLTHn / UNDAMLTH o
YLFn = UTLOSSn X FPLTDEN X PGRAIN

vhere WTLOSSn
DANLTHn

the loss in spike weight per plant attributable to peat n
the total adjusted length of damage causad by paat a on
both harvestable and unharveatsble apikea:

YLFn = tho yield loss in kg per hectare of grain weight caused
- by pesat n.

veing the relationships above, it was assumed that the smillet plant does not
compensate for direct damage that occuras during the flowering and grain davelop-
nent atages. Thua, the amount of grain removed or the extent of eeedleaaness as
8 result of peat feeding waa assumed to be directly proportional to yield losa.

Loss Profile - #Although other yleld 1055 factora attributable to certain

weods, etc.) were not acsossed in this study,~it was aswuasd that the ten factors
liated sbove account for nost of the differonce between actusl and attainable
nillet yield. Thua, ecatimatea of theae factore were uaed to eatablish a pazrtisl
crop loaa profile described in concept by Pinstrup-Andersen et. al (1976) and
defined aa:

hTTAIBABLE_YIELD ACTUAL-VIELD = ¥LF .» ¥LF +e.YLFn
1 2

P T

vhere YLFn = the loes in yield caused by tho different loss factors



‘To show the relative iiportance of each factor, yialdAloesas were exprossed as a
percentage of the sttainaeble yleld.

.Varianco Componsnts - To characterize the variability of yield and pest
loasea at each leval of aampling (villaga, farmer, field, plant), a neated ANOVA
waa porforaad on threz varicbles of adjusted apike length per plant. Theao
variablea includ:d UNDAHLTH = tho total undazaged length as an indicator of
actual yield; DAILTH = the total danaged length as an indicator of yield loscea
due to pasta; and TOTLTH = total length of harveatable apikea as a ncasure of
attainesble yield without pesta. The cost of assemsing yield and peat loages at
each level of sanpling was determined by measuring the average time roquired to
sanple one unit at each level. Uaing these time lapse factors as a function of
the variance conponent at eech sampling level, the moat efficient design was
deterained for a one d.y period of sampling effort (Sokal and Rohlf 1269).

RESULTS AND DISCUSSION

Actual Yisld - The histogram in Figure 1 depicts the frequency of grain yield
__per haoctare of the 42 rillot fields sanpled. Yiold ranged froa 150 to 2G50
kg/hectare and averaged 800 ¢+ S.E. = 71. About 60% of the fields yielded higher
than the reported average millet yield in Senegal of 520 kg per hectare (Dancatte

1978),

YTields varied significantly among villages and among farmers withim wvillegeus.
Figure 2 presaents the average yield par farmer in the eight villages surveyed.
The variation in yield aaong villages was largaly due to differencea in rainfall
patterna during the growing seaaon. Although recorda of rainfall were not taken,
it was obvioua from grower intaerviews that both the tiaing of the first raina and
the accuaulated totala were quite different froe one villaga to the next. Since
the participating fermers planted their millet shortly after the first rainas, the
range in planting datea froa 21 June to 7 July reflected the magnitude of variation
in the oneset of the rainy season. Furtheracre, timing of tha firat rainas as a
vield 1liriting factor was more critical in 1983 because the rainas came 2-3 weeks
later than normal in the Sine-Saloum Region.

Yield differences within villages were primarily due to agronomic and socio-
logical differencea among farmers. Thesa differences ware related to auch
factora aas weeding cchedulea, seed salection, location of field froa villege,
planting and cultivation methoda, uce of manure, and the value that ccch faruer
places on millot,. Twenty-nine percent of the fielda ware fertilized with manure
- this frequency probably reprcaenta a higher than normal use of nonure ou millet
fields 1in Soneogal. It ia interesting to note that tha fiva farmera with the
higheat yields uzzd nanure on thoir £ielda.  &nothar factor that is hichly corro-
lated with the uase of manure is the distance froa the field to the village.
Flelds ncarest to villages (within 0.5 ka) normally receive the greatcat amounts
of rmanure. The six fielda of the twn farmers with the higheat yielda wecra all

. lucated within 0.5 ka of the village, The effoct of diatance froma villege c¢n
aillat yields is further subatantiated by the re=zults summerized in Figure 3.
Yield decreased aignificantly aa the diatence froa the field to the villana
increased, ’

Yinld Losa Factors - Figure 4 shows the estinated yleld lossss causcd by oach

of tha ten factora (YLFn). The relative importance of each of these factors for
limiting attainable yield ia illustrated in Figure S. Total loases avereged 2.7



and ranged 8-50X among fields.In both figures, yield lossea due to ergot, grain
feeding insacts, aten borera, and wild boar were coabined into tha cotercory .
termed “others* because thay accounted for a small percentage of the total
lossea,

-

Yield losses varied greutly apong the factors., The hoad borer, Ra*hhvg

albipvunctolla, was tha major loss factor vhich accounted for 5% of thy total
lessos, Head  borer drnago was precont in all fiolds end caused an estinsted 93
kg/h or 8.9% lomss in attainable yield. This peat elso accounted for tha highesat
single losa of 12.4% {n 1932, R. albipunctella exerszd as & savere problea in the
ocarly 1970’s during the drought and has probably chifted over from a wild grass
apacies to cultivatcd nillet. Previoua atudiea by Veorcaabrae (1979) reporicd up to
25% of tha nillet crop loat through direct consuzption of grain by the oldar
larvaa, Younger larvaa attack the apike during flowering and the early stagea of
grain developnant but thair feading damage doaa not epnear o redult in yicld loaam,
Since the older larvee fead directly on the karnela, aassesament of the preapactiva

loases waa relatively sigple and accuratae.

Stand reduction bolow optinum plant populations was tho second highest loss
factor, Yicld loasaa averaged 48 kg/ha with a range from 0 to 356 kg/ha and
anounted to 4.6% of tha attainable yield. Although reductions in the initial
plant denaity occurred in all fielda, it waas asauned :hat yield loases did not
occur 4{n 27 fields bocauss the final plant denaity excceded the optinum of 10,000
per hectare. 1In 27 out of 42 fielda, rowa were either planted too close together
(leaa than 0.9 maters) or not thinned to the cptizmua plant apacing of 1 meter
apart, The higheat initial plent denaity waa 19,792, It ia believed that far-
rers tend tc thin lesa to eatsblish more planta aas e buffer againat the higher
risks of not producing a crop when the rains sre late which was the case in 1e83.

It was not possible to partition the stand raduction losses into specific
cauaeas, Reductiona can be due to a cosbinstion of biotic and abiotic {factors.
Geraination failures are cauased by aoil insecta,  aoil-borne fungi, rodenta,
birda, millipedea and a lack of &dequate noisture. Seedling mortality resulta
from mechanical destruction during cultivation, severe soil wmoisture atresas,
early aseason downy mildew infection, grasshoppers, heavy ater borer damage, and
dead-heart injury causced by chloropid ashoot flies. Based on the distribution of
tha final plant population, lack of moiature was probably tha major cauze for
rceductions in plant density. Large areaa without plants were present in moat of
the fielda thst suffered eignificant stand reductiocna and were usually aasociated
with drier acil conditina. Stand reduction losaes were probably undereatinated
due to this nonrendoa pattern of nissing plants. Several fielda with final plant
densities exceeding the optinum level alac had areas coapletely void of plania
yet loamea wore assunad to ba zero. Studies have shown that high batween plant
varience reduces yields rarkedly even though the actual plant population per
hectere is optinua (ICRISAT 1982).

DPowny nildew infections accounted for tha next highest loss in yield. An
eatinated average of 3.5% of the attainable vield was calculated fromn the ad-
justed length of nildaw dazaged spikeas, Subremanyea €1981) atated that naxinun
infectiona of downy nildew occur with plants 9 daye old and these plants nornally
dia, Planta infected sfter this Ferlod aurvive but sliow syeptoss of infection aa
conpletely or partially nalforncd apikes. Subrananya alao deternined that the
rain atalk and prinsry tillers of peerl nillet are only susceptible to the
discaae for 26 and 42 days, respoctively. Loaaes froa mildew a3 a result of
aeedling nortality were not measured but accounted for in atand reduction. Thua,

O
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the eatlnated loas ossessed at harvest waas probably lesa than tha actual loas duav
to mildoew infectiona during tha entira growing acaaon.

, Birds caused an average of 3% loss .n all fields but ranged as high as 15.8%.
Eatimatea of bird damage were fairly accurate bacause the dapradation occurred
primarily on the matura grain and was readily identifiable at harvest. Although
birdas were not obaervad during the aaapiing procesa, the preaence of nany nesta
near the fields, and tha farmera’ comnents atout hirda suggeated that village
vaavera were the nost peraistent pesta.

Smutted spikos accounted for 1.8% loss in attainable yield and were present
in all fields. Ergot waa found in only 7 fields and losses due to thia disease
vere negligible. Unlike mildew, asrut and ergot priaarily cause yield loasea by
‘direct infection of the floreta and davaeloping grain. Thun, &asnzonents of
infected zpikes vere made without difficulty and the aasumption that the adjusted
length of snutted or argot 1n£ected area ia directly proporticnal to yianld 1losa
vas probably true.

Losses to flowar feedina insects arcuntoed to only 1.0% and were primarily due
to blister beetles based on the farmera’ interviews. It was sometinez difficult
to 4differentiate seedleas areaa dus to flower feedera, particularly in low
yvielding fields where many aeccondary and tertiary spikes were ianature aa a
result of droucht conditions. Seedless arean caused by flower feading insects
generally exhibited some sort of nonrandom pattern on the spike whereas drought-
‘related ‘seedieasness was usually associasted with the entire or upper portion of
the apike,

Other minor factors that attributed to yield losses included stem borors
(0.5% - noticeably found in 9 fields), grain feeding insects (0.1% - found in 13
fields) and wild boar damage (0.2% - found in only one field where it caused A
aignificant loas of 9. 3x). o R - ] e

Tha gacgraghic arsa affocted by each yield loss factor varied considerably us
~ shown in Figure 6. Yield loszea due to head borera ranged from 2.3 to 23X among
villagea. Since the aotha appear about one month after the firat reina, thia
variation could be due in part to differences in the onaset of flowering when the
eggs are laid. Higher incidences of Raghuva were alao associeted with low .
yvielding fields and damage was significantly more. prevalent on the less mature
spikes., Stand reduction losses also varied widely. The asouthernmoat villages of
Niors, Dinguiraye, Ngapak, and Sanghll Serere suffered the leaat prinarily be-
cauze rainfall was mora adequate and initial plant populations were well above
the optiruz. Farmers in the other villages conformed more to the optinum of
10,000 {n'tial plenta per hectare _and experiencad- drier - dinditions. Diszase
losaea varied significantly but thare did not appear to be any obvious rcaszon why
ene village experienced more dicease then another since none of the farzera uae
seed treatments, Differences in huaid conditiona during the early infection

period and in meed quality &ra probably reaponaible for the obaerved variation.

Yield losces wore agcogisicd with 4hs loszziicon of the fiold froa the v1llugos
(Figure 7). Both bird and stea borer danage decreased aignificantly c= thae dia-
tance froa the field to the village increnaed. Bird damage was higher in fieldn
near to villages because their neating aites were locsted on the shada treca
arcund _ thq villaga coapound. Stea borera ware also mors abundant because thin
ingsect diepauzas during the dry season au pupae in the old nillet atalke that are
used for building material in the villagea. The reverae pattern waa true for

10



head korera which were associatad with the lower yielding.fields that were usual-
ly located farther awvay fron tha villages., -

Qthor Pests - Weeds, particularily during the early season, can cause consi-
derable vyiold 1loss -in millet by competing for nutrients, roisture and solar
enerqy. A atudy by Uarani et. al (1979) revealed that wsada cauged 35 to 90x .
reductions in nillnt yield czpanding upon waed density. Thia same atudy showad
that the 20-30 d.:y peried ianadiately following sowing of paoarl millet was the
most critical for wced conpetition and that weed removal after the initial 30 day

period did not significantly increase yields. .

Most farmers indicated that what thoy parbeived as adequate weed control could
be achieved during the first 30 daya of millet growth. All fielda were weeded
twice at an average of 15 and 35 daya after sowing. Only 13 out of 42 fialda vere

weeded twice within the firat 30 daya, These later veeding eachadules do not-

heceasarily paan that serious yield reductions resulted from weed competition.,
There was no aasqcistion batween low yielding fields and late weeding dates to
indicate that scvere weed competition occurred during the early ceason. Sone
atudies have suggested that warda can ba allowed to compete for up to 6 weeka under
certeln conditiona without significeant yield losses. In 1933, dry conditions
prevailed aiter crop emergence in rany fielda which tended to reduce flushes of pay
weed growth after the firat weading and thuas eliainate the need for a eseccnd
weeding within the 30 day period.

Weeds were present 'in all fields and covered an average of 20.4% of tho
surface area around the millet planta. Only 2 of the 42 fielda had ajlgnificant
wvead growth covering greater than 40% of the aurfaca, The conpoaitien of weeda
consisted of 20X grascea and 80% broadleaves of moatly annual typea.

Although there were occasional plante of Striga spp. in several fields, only
one field had significant populations. The effect of this parasitic woed on
cropa has been =zhown to bz much greater than ita appearance would indicate,
Unpublistaed data from the Weed Research Ozganization indicated that when the dry
weight cof Striga wes leas than 1% of the dry weight of the hoat (in this case
sorghum), the host dry weight was reduced by up to 25%, Nuch of the damage done
to the host crop by Striga occurs before the paraaitic plant emarges f£rom the
soil, thus surveys often undorestimate the impact of this weed. Estimates by
Obilana (1983) place yield loszes due to Striga on indigenous millet strains in

West Africa at 15-30% while inproved resistant millet strains show li%tle or no
significant lecse.

Jdinca early coason observations of weed compatition were not taken, it was
not posaible to eatimate the loss in yiald from veeds. Howaver, based on the
farner interviewa, lcw waed populationa at harveat, and the fact that each field
was vernded twice, waadas wore Frobebly not a major yield liniting factor.

Days of Food - Yield loszes estinoted for each factor are expressad in Figure
8 as tha nunbor of days of food lost por fanmily unit, Food days were calculated
by suaaing the total lossea due to each factor in all fields of each farmar and
then dividing total yield loaa by hia fuaily’s dally consuzption of miilet. The
zajor yield losa factor, head borera, caused an average locs of 78 daya of feod
end variad widely froa 8-212 daya. Stand reduction end mildaw loases resulted in
31 and 21 days of food lest, reapectively, Theae figurea can be interpreted aao
the nurber of additional daya of food expected to cccur if the particular factor
vaa rcnoved on all farama. .

11



_Figure 9 presents the total nunber of actual days of food available to each
- farmer and the attainable days of fcod if all yield loss factors vere elininated.
It was surpriaing to find that 70x of tha faraera produced nore than one year‘s
supply of nillet for their fanily. The 17 cooperating farmeras produced an average
of 556 days of food rauging froa 188 to 1522, Even after the total preduction is
adjusted for ctorage lonace (gpproximataly 5X%), donationa for religious beliafa,
(10X) and amall amounta that the wonan nell to buy ceoling items, more than half
the farmera s£till would have plenty of :food to feed their family for ong ymar, The
additional production odtained without atand reduction and direct peat loaaesa would
add an avarage of 184 extra daya and incresse the potential supply of food to 740
daya. ‘ -

Several rezsons suggest that participating farmers were not represantative of
the averaga Senagalese farmer. Firat, the total crop of millet cultivated per
farmer averaged 4.7 hectarea compared to 2-3 hectarea per famnily urnit typical of
the Sine Saloun region, Secondly, the fieldas sampled were more fertile and thua
_more productive than the average millet field, As previoualy noted, tha average
yleld of 800 kg/h was well abova the noraal expacted in Senegal. Thirdly, thae
participating faermers waere asked what thry ~cansidawad o4 wo "good” total pro-
duction of nillet based on all thair fields. It was felt that a farner would
have a better perception of how nmuch millet he had to grow to meet hia fanily’a
needs than he would in terms of production per hectare. Figure 10 presents a
graphic conparison of the total production which each faramer coneidered *"good*®
-enough _to meet his neada with hia actual production echieved. ‘Roughly half of
farmersa achieved a total nillet production greater than what they perceived to be
“'good*, Threa out of the four farmere who produced less than one year’a supply
of food also had actual production leas tnan “good". Thua, the eatimations of
nillet production expressed as actual food days correapond fairly well with
production levela that were considered adequate for each farmer’n needa, = Baged
on the reasona above and interviewa with tha farmer, it was obvicua that the
selectjion of perticipanta at the village level vas biassed toward the wa2althiar
farmers who cwned beiter land and tilled more millat than the average farmer in
the Sine-Saloun region,

Value of Yisld Losses - Although the estimations of millet production and
days of food were bisasd, the losaes per hectare can atill be used to deternine
the justifieble expenditure to reaove each losa factor i{f appropriata technology
ia available. The value of theae losaes can be viewed aa the value of the
additional production cbtained or, more.realistically, the monetary coat required
to replace the food in the rarketplace. Figure 11 expresses the yield lona
(kg/ha) for each factor, presented in Figure 4, aa s cost in CFA per hectare
required tn renlaca aarh laaa, Three prices of nillet wer» used to calculate the
karket value, The average pPrices immediately after harveat, 6 nontha later, and
Juat prilor to the next harveat ware coaputed froa inferaation obtained by farier
interviews, These latter two price levels ére probebly more realistic for cati-
rating the value of lozaes becavse faraers, who deplete their millet supnly
before the next harvezt, noraally buy aillet during the last six nonths.

Looking firss at tha RAjoT loss factor, the millet lost to hsad borers would
coat an average of 8,212 CFA 1if purchased 6 months after harveat or 11,794 CFA if
Purchesed juzt prior to the noxt harvest when the =market Price of nillet {a
higheat, Thia repreaenta the range in the averege value of loases due to
Raghuvai~ Hoyaver, any cffort to control head borera entailas a cost. Hence, the
valua of the losses less the costs associatsd with bringing about control can

12 .
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provide an eatizate of potantial net banefita from research and extenaion efforts
oined at renoving Raghuva as a yield loas factor. Currently, there are no local
ncthods for centrol of Lozd “orors. Cultural nuthzds have boen inveostigatad but
none are satisfactory; in fect, adjustments of the planting date to avoid Raghuva
havo exposad mwmillet to heavier attack by other pests. On the other hand,
chenical control triala have demonstrated that adequate control of head  borers
cart b2 achievad uith in~octicides 1f applied twice at an interval of S-7 daya
during tha flowcring pericd end directed only at the apikes (Vercanbre 1979).
Chenical control coats to the Sanegalese farmer would include the price of the
chemical, investaent in the aprayer, and labor, and .any coasta asaociated with the

riska of uaing paaticicesu. '

It 15 genorally agroed that the valueicost ratic should be greater than 2 to
provide an econonic incentive to the subaistence farmer to inmplenent peat Ranage-
ment practices (IFDC 1977). In the case of Raghuva loaacs in 1983, noat farmers
would have roalizod a ratio greater than 2 if perfect control could have baen
attained. However, eatipations of actual net benefita muat take into account the
probability of satisfactory control (which ia lesa than 1) and the likelineas that
farnara will adopt the pest management practice. Theae two factora ahould be
weighed againat not only the basic coats of applying the chemical control but also
the farmer’a nead to produce nore focod, hia knowledge of pesticidea, his litercey
. status, hia akills in applying control, and the fact that he may have insufficient
crop area to exzploy such inveatments as aprayers. Hence, it ia probably not
feaaible for the farmer or the government to control Rachuva with pesticides unlesa

averuge losses incresse significantly over the levels oxpeorienced in 1983 or an
~ inexpensive control tactic is developed that has an expected higher rate of

edoption among farmers.

On the other hand, chemical control of mildew may have a highar value:icost
ratio bacause psrtial oasuppresaion of certain pathogena of this disesse can bLa
obtained with fungicide aeed treatrenta which ara relatively cheap and hava a
higher rate cf czdoption escng farmers (Kyvall 1579), The value of mildew loazos
averaged 3,123 to 4,498 CFA per hectare depending upon the market price of millat
at the end of the season. The coat of seed treatment amounta to leaa than 600 CFA
per hectare.

The valuo of losses dua to the other factors may also be high enough to justify
an increased use of traditional mesns of control, particularly to prevent atand
reduction, srut, and bird damage. Stand reduction loaaes are due to a coaplex of
agronoaic and pest-related csusea and hence it was not possible to construct a
realistic valueicoat ratio without infornation on the apecific causea end the costs
of reroving each cauae. Losaea to eznut infection can be avoidzd in part by crop
rotation (GDA, 1981). Bird dcmage eleso waa high enough in most fielda to encourage
traditicnal meana of bird scaring.

Ootinization of Zaupling Danign - Relative varionce component.s and time lapco
eaticotea at the four levels of eanpling are presented in Tabla 2. It {ie not
aurpriaing that the plant to plant variation accounted for the largest portion of
the variance (60-86%X). Plant differencea in danaged length were conaiderably
nore varieble than undanagod or totcl length of spikes, Variaticn anong fields
contributed 6-17% of the total veriance and waa probably undecrestimated aince “he
enlrction of farpnra wes bicztd toward the better £ields that were no doubt nore
unifora. Saven to 14% of the total variation in adjuated spike length per plaat

vas attributed to the villege level, whercas only 2-10% waa due to variation
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anong farmers. Farmer variation also was probably underestimated duo to the bias
toward bottor farmers. . : :

The sampling design uzed each day in 1983 involved one village and an average
of 2,1 f{fernera, 2.5 fields per farrer,  and 25 plants per field. Using  the
varisnce conponents and time factors in Table 2, tho 1933 deaign would require
7.9 hours of asapling tine each day and would provide eatimations of TOTLTH por
plant with a veriance of 937, Givon the reatriction that only onc village cen be
sanpled each day, the =nrgt efficient design with ninimal cost and nininal
variance is oae village, n:.:e farncrs, one field per farser, and only 6 plants
per field. This design would require 7 hours of sanpling tine and providea
estinates with a variasnce of 813 (21.4% more efficient than the 1983 d=23ign),
Since it nay be difficult to obtain the cooperation of nine farnmers per village
end select 6 plants without bias, the following design-ia auggeated, Each day,
one village should be sampled involving aix farmera, one field per farmer, and 15
plants per rfield. Thia design would be more operationally feasible and still
15.2% more efficient than the sampling acheme uaed in 1983. .

__CONCLUSIONS _

1. This study demonstrated a relatively simple and precise procedure for
assesaing millet losses at harveat due to stand reductiqp'and direct peatas. »

2. The method was particularly sensitive to pests that directly attack the
spike such as enut, nildew, ergot, bird, rodenta, head borers, flower feedera,
and grain feedera. .

3. The avarage yisld was 890 kg/ha - higher than the average of 530 Kkg/ha
reported for Senegalease faraecras as a whola.

4. VYield varied significantly among villages primarily due to differences in
rainfall,

9. VYield decrsased as the distance fron the field to the village incrsasaed.
Fields neareat to the village were more fertile (more manure uzed) and probably
received more attention.

6. Ten yield loss factors were asgeusad ahd caused a total loss of 203 kg/ha

or 23.7% of the sttainable yield. e e - S

bl ekt P L 1 2 S L B 3"

7. The head borer, Raghuva albipunctella, was the major loss factor and
caused a loas of 93 kg/ha or 8.9% of the attainable yield. -

8. Losses due to stand reduction, mildew, birds, ssut and flower feeders
anounted to 4.6, 3.5, 3.0, 1.8, and 1.0%, reapectively, :

9. Three other minor factors, stenm borers, grain feeding insects, and wild
boar damage, a“tributed only G.9% yield loszs.

10. Tho geographic area affectod by cach yield loss factor varied signifi-
cantly, particularly head borera, atand recuction, and diasease. Differences in
the onaet of flowering, amount of rainfell, and cultural practices were prohably

14
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Rajor reasons fdr'thig variation,

11, Yieid loss wis associated with the location of the field to the village.
Both bird and aten barer danage decreased significantly as the distance froa the
villqge increased. Tie reverae pattei'n wvaa true for head borera.

12, Weeds wors present in all fields but only 2 out of 42 fields had signifi-
cant weed growth covering greater than 40% of the ground surface, Noticeadle
Striga populations wers found in only one field. -t

13. Bocause of low wead densitias at harvast, the farmers’ opinion that weads
were not important, and the fact that sach fiald vaa weeded twice, weeds were not
conaidered 3 Rajor yield liniting factor. :

14. The seventeen farners produced an average of 556 days of food with a
range from 188 to 1522, Seventy percent of the farmers produced nore than one
year’a supply of millet for their fanily. S

15. The additional Production obtained without the ten yield loss factors would
add an average of 184 daya and increase the votential "2rly of food for 740 days.

16. The selaction of cooperating farmers at the village level was biased
toward the wealthier farmera who owned the rore fertile land. and tilled Rora
rillet,

lost to each factor), These values provided reasonable estimationa of the
potential Payoffs froe the development and implementation of Peat uanagemant
Progrars directed at each losa factor.

is, Although Raghuva head borers Ccaused the grestest lozs in yield. ‘tha gctual
net henefits fros raroving this pogt Ray not be high enough to outweigh the costs
"and "risks of uaing pesticides and the uncertainty that farmers will adopt thesg
tactics, However, higher levels of lossea end/or more practical and effective
“methods of control together with farmer education could provide the justification

for the development and implenentation of a Peat management progras for Raghuva,

control of these digeaaes ray have higber'yalue:coat_rgtioa because fungicide seed
treatrenta and rotation are relatively inexpensive practicea and easy to apply.

20, A more efficient and opératioﬁally feusible'salpling plan for assessing
villet 1lo:sea uaing the above- procedures-ia to agbple one village per day, aix
farsers per village, one field per farmer, and only 15 plants per field rather
than 25, :

15
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RECOMMENDATIONS

What is needed at this point in the rillet loss =ss0ssSMEnt projoct: is an
extenaive survey, using tho inproved nethodology developed in 1983, in a major
production reglon in which the villages and farrmera .are selected at random. Ther
following work plan ia propoaed for 1984. ’

Target Aros - Because of logistical constraints and the diversity in millot
production, climate, and sociological conditicns, it is impractical to asszess
millet losaes on a nationuide b2z21is unleas the country is asnell. It ia propoaced,
therefore, that loas azzcacmenta ba conducted in the Ganbia or in the niddle
Casanance region of Sanegal where the millet Production is more uniform but

characteristic of the Sahel region aa a whole. ‘

Another reason for salecting the above areas is the higher "annual rainfall
which ensures more consistent yielda, reducea within-tield variability, and
promotes more weed growth (a lossa category that was not adequately assessed in
‘previous attenpts), '

¥¥5r3aii Pssisn - The basic approach used in 1983 should be followed with momg -
nodificaticns, The target area can bo divided into grids in which the number of
villages selected should be proportional to the population and aillet production
in each grid. Villages should be aselected firat at random and then the actuzl
nuaber surveyed can latar be restricted dus to logistical conatraints. Six
flelds in each of 15 villages will ba aurveyed. Fielda can be randonrly salected
at varying distances fron each village. Any fieldas, cultivated by farmers who

refuae to cooperate, can then be eliminated after the random selection ia nede,

Unlike the 1983 project, no attempts should be mace to sample the entirs
xillet crop of each participating farmer. A saeple of farmers from each villaga
can be interviewed to obtain s8ocloecononic information, particularly the averaqge
daily consuaption of zillet per individual and the costa involved in obtaining
food when the millet is depletead. Yiald loases in each pest category can again
be expressed asa days of food per individual and related to the sociceconomics of
the village as a whole.

Pre-harvest visits to each village can bs conducted in late June-early July
after the thinning aend weeding operations are coapleted. Thia step would take at
leaat 20 daya to locate end measure fielda, estinate initial stand denaity,
assens weed populsations, and explain the purpose and futurs harvest activitiea to
the participating farmers. Luring th:ze visits, nuch of the accioceccononic date
and field history inforrmation can be obtainad by interviews, '

At harvest, a loss assegsnont team can estimate the actual yield and pest
lossea in esch field as one sampling proceas. This atep will take at least 21
daya during late Auguat-early Septenber. The aagsesament nrocedures should be the
g8ane as thoze outlined in this report,

~ Personnel and Equipmont Reguirements - The parsonnsl neaded to carry out the
1284 survey ectivitica would coneist of two teacs employed at different tines of
the seaaon. Bota teara can be based at a4 convenient location within the target

area.
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During the pra-harveat viaita, one Crop Loaa Aaseasment Specialiat working
with tuo CPO’s vould be roquired to sot up the survey flelds, collect the preli-
Rinary data, and interview the farmera. One CPFO should have previous eiyperienca
with millet losa assessnent, preferably recruited from the Dakar Training Center.
The other CPO should be recruited froa the target area and thua familisr with the
villages and lecel practices. This threa men tean should cpoend two waeks on
theae pre-harveat activities, f£ollowad by another 1-2 weaekas during which the two -
CP0’s can complete the farrer interviewns and field meeaurerments. A vehicle and
gesoline would be needed to carry the pre-harvest teas. ‘

At harvest, a team of four Crop Loss Astescment Specialists and two CPO’s
-would be required to survey peat loasea to miliet in the target area. The CP0’a
should be the sane individuala involved in the pre-harveat work. Unakilled
laborers would also be required to cut nillet {n each village. Teo vehicles and
gasoline would be needed to tranaport the harveat team.
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Table 1 - The proportion and relative. weights of the grain, chaff and
core components of millet spikes and the relatlve welght of smutted graln.

Spike - Proportion Standafd. Coef. of . Weighing
Components of spike . _error ~yariability (%) _factor .

Grain 0.74 ?EOEQQBOfﬁ o ‘:ﬁﬁiSQiﬁ;f

Chaff - 0.21

Core 0,05  0.0027 ‘4 8 Loo

Smutted : SRS - a o ﬁ »-7.‘1».}../
_grain_1/ e e ;2032

1/ The weight'of‘EﬁUtEéd,gfaiﬁ waSi40;523Qf £ﬁe:wéigth6£?gbod_gréin;
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Table 2 - Relative variance components and time lapse estimates at the
four levels of sampling for adjusted UNDAMLTH, DAMLTH and:TOTLTH,Qf
harvestable spikes per plant.. 1/ : oot

% Total Variation

Avg. time Iapse

Sampling level UNDAMLTH ~ DAMLTH  TOTLTH for each level

| Village 4.1 6.7 13.5 60 min.
Farmer : -8i8 1.7 o :9.7   i>i 1'516 min;‘
Field ~ 16.8 58 171 S . ~15 nin.

~e

Plant - 60.3 85.8 . 59.7 .°  .2:5 min.

R
*

1/ uNDAMLTH = adjusted undamégwd length of harvestable spikes per plant
* (indicator of actual yield); | o oo
DAMLTH = adjusted damaged length of harvestable spikes per plant
(indicator of yi=1d losses; o .o ,
TOTLTH = adjusted total length of harvestable spikes per plant
(indicator of attainable yield),
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Figure 2. Averagé grain siéld‘pei: coéperat;‘in'gi‘fla'met ‘in the eight iriu;'agés é‘ﬁrﬁeyed_.f,r
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SACK WEIGHT LOSS (KG/HECTARE) .
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‘Figure 4, Estimated losses in grain weight per hectare caused by various yield loss
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Figure 5. Relative importance of yield loss factors ia limiting attainable yield, -
“'Others' include stem borers, ergot, other grain feeding insects, and wild bo;rer.'
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© PERCENT YIELD LOSS -
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- Figure 6. Profiles of the percentage of millet losses for each y:leld loss factor al:
each village. Sine Saloum Region, Senegal 1983 ‘.l R e
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DAYS OF FOOD I.OST
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*GO0D’ YIELD (KG PER FAMILY)
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Figure 10. Graphic summary of the actual millet production obtained by each farmer
. compared to what each farmer considered 'good' enough to meet his family's needs, Actual
i ylelds of farmers plotted below the diagonal line exceed what they perceived to be 'good'.
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'S PER HECTARE
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(

COST IN CFA
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.Figure 1ll. Yield for each loss factor cxpressed as the value of the'additioﬁal pro-
duction obtained without losses or as the cost required to replace the food in the
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etplace.

Cost of food was based on the prices immediatel
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