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Abstract

As a result of population growth and industrial development, water scarcity is steadily
increasingPaddyrice production hasa high water demand.Thewater consumptionin paddy
rice production accountsfor a large share in variable production costs. Risingfuel prices
decreasefarmers” profits due to pumping costs and contribute to the overall decreasein
availablewater. Thereis a strong needto implementwater savingproduction systemsin rice
production,suchasAlternate Wetting and Drying(AWD) Intermittent Irrigation (I1) and System
of SaturatedSoil Conditions(SSC)The SSCavoidinga standingwater layer in the field, was
testedat the WARDASahelStationin the SenegaRiverDeltaduringthe rainy seasor?008.Ten
cultivarswith a broad geneticbackgroundwere grown in SSGind resultswere comparedto a
ConventionaPaddySystem(CPS)Themain objectivewasto find promisinggenotypesfor SSC,
thus, the response®f yield [kg m ], water use[mm], and accumulatiorof biomassg m 9, tiller
number [number m? and the phenologicaldevelopmentin the SSGwere studied. The SSC
achievedthe sameyield (averageyield of 0.52kg m?) asthe CPSwith 24%lessof water input
resultingin higherwater productivity[g grainm® mm®]. Thenumberof tillers washigherin SSC
after panicleinitiation. A variation in the phenologicaldevelopmentwas observedin the SSC
but it had no influenceon yield. Onaverage there wasno statisticaldifferencein aboveground
dry matter between both irrigation treatments. WAS 1618 92 and Sahel 202 are very
promising cultivars for SSGshowing high water productivity, high yield and competitiveness
againstweedsdue to an early vigor. Problemsthat shouldbe addressedn future are spikelet
sterility, which may be causedby heat stress,and the optimisation of measuringevaporation,
transpirationand seepagédor a better evaluationof water losseson field level. SSQould be a
viable alternative to flooded rice production in the SenegalRiver Delta. Resultsof this
experimentindicate that water input can be reduced, therefore variable costsfor pumping,
without affectingyield, if varietiesbearingthe appropriatetraits are integratedin the overall

water savingsystem.
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Introduction

1 Introduction

Rice(Oryzasatival.)is the mostimportant staplefood for the majority of peopleall over
the world. Theworldwiderice productionis estimatedto coverapprox.154million ha. 79
million ha of rice are grown under irrigated conditionswith averageyields varyingber
tween 38 t ha® (Macleanet al. 2002). To keep up with global population growth rice
productionmust increase but asthe rice croppingareacannotbe expandedthe onlyre r
maining possibilitiesare within plant breedingand more efficient productions systems.
Dueto anincreasingscarcityof input supplies particularlythe availabilityof water, these

productionsystemanustbe environmentallysustainable.

Especiallyn conventionalflooded rice production (paddyrice) is a needto cut downunr
productivewater losses.Thetwo main problemsrice producershaveto deal with are an
increasingdemand for rice and an increasingscarcity of water. Therefore,major chalr
lengesare the reductionof water useand anincreasedwater productivity (Boumanet al.

2005).

Recently,SubSaharanAfricais confronted with rising fuel prices,resultingin high costs
for pumpingandthusincreasinghe basecostsof rice production.Sincewater is essential
for living (e.g.cookingand daily needs)changingo water savingtechniquesin agricultural
production would be advantageousln addition, it is very important to developmanager
ment policiesfor the efficient operation of irrigation systemsand providing economic
incentivesto farmers to reduce non productive water losses(Maclean et al. 2002).
Worldwide water savingproduction systemsare alreadyin use or beingtested, suchas
Intermittent Irrigation, Alternative Wetting and Drying, and Saturated Soil Conditions
(Boonjunget al. 1996;Borrellet al. 1997;Boumanet al. 2001; Tabbalet al. 2002).

Becauseof the toleranceto submergedgrowth conditionsa highly productive cultivation
of rice is possible.Thespecialphysiologyand thus adaptationof rice mayturn into a disr
advantagewhen the systemis providedwith lesswater. Thereforespecifictraits suchas
high water productivity, drought resistancelow transpirationrate and a high competir
tivenessagainstweeds(especiallyin the beginningof the croppingperiod) are beneficial
to achievegood yieldsin saturated conditions.In non ponded water conditionsthe top
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Introduction

soil will oscillatebetweenaerobicand anaerobicconditions,therefore it is likely that the
weed pressureincreasesand micro climate within the field changegincreaseof soil and

root zonetemperature),aswell asthe nutrional statusof the soil.

An experimentwas conductedto comparethe Systemof SaturatedSoil Conditions(SSC)
and the ConventionaPaddySystem(CPS)n rice production at the WARDASahelStation
(Ndiaye)in the SenegaRiverdelta in the North of SenegalTenrice cultivarswere grown
under both conditionsto study physiologicaland agronomicresponsesand to identify

promisinggenotypictraits or cultivarsfor the SSC.
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2 Hypotheses& Objectives

Ten cultivars with diverse origins and characteristicswere grown using two irrigation
methods:a conventionalflooded system(CPS)submergedsoil) and the Systemof Satur
rated Soil Conditions(SSCJno ponded water layer) as water savingproduction system.
Water use and genotypicresponsesto the SSGwvere studied such as agronomicaland
phenologicaldevelopmentcomparedto the CPSMain focuswasto pre selectpromising
genotypesfor the SSQwith traits which assurea good performanceunder saturatedconr
ditions. Thesetraits are for examplegoodwater productivity,low transpirationrate, early

vigoranda goodremobilisationforce,assuringhighyields.
Thefollowing hypothesesvere adopted:
X SSQCequireslesswaterinput thanthe CP&t the sameproductivitylevel.

x Productivityin the SSGlependson genotypicperformancein water limited condir
tions and how i.e. crop duration, biomassaccumulationrate, and yield and yield

componentsare affectedby theseconditions.

x SSffectsbhiomassaccumulationand yield, and causesvariationsin phenological

development.
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3.1 Water andrice production

Agriculturalindustryis a major water consumermainlydueto irrigation. Therefore,it is of

highimportanceto managewater consumptionin a soundway. In contrast,the availabilr
ity of water is steadilydecreasinghrough pollution andresourcedepletion(Boumanet al.

2001). Water pollution results from the inappropriate applicationof mineral fertilisers,
pesticidesand herbicides.Throughleachingand surfacerunoff contaminatedwater seeps
into groundwaterand flows into rivers.Longstandingsurfacewater which evaporatescan
causesalinisationof water and soils.Anotherproblemcausedby highwater inputsin agrir

cultureisthe overexploitationof tube andshallowwells(Macleanet al. 2002).

Riceis a staplefood for the majority of people;almosthalf of the world s populationder
pendson this crop. It is the mostimportant food grain for most of Asiaand playsa key
role in the nutrition of many peoplein the tropical regionsof Latin Americaand Africa
(Macleanet al. 2002).Toproducel kilogramof rice,whichis generallycultivatedaspaddy
rice, 2 B times more water is neededcomparedto other cerealssuchaswheat (Triticum
aestivumL.) (Barkeret al. 1998).Ricecanbe cultivatedasrainfed cropin uplands(dry rice)
or in lowlands (ponded water layer) (Boumanet al. 2007). Irrigated lowland rice also
namedpaddyrice is the predominantrice productionsystem.Lowlandproductionis charr
acterizedby bunded fields, conventionallypuddling and transplanting. Puddlingmeans
harrowingunder shallowsubmergedconditions,mostly done for weed control andto re r
duce soil permeabilityand percolationlosses(Boumanet al. 2007). Paddyrice cropping
representsa systemin whichthe soilis continuouslyflooded. Thepondedwater layerenr
suresweed control and protects the crop from drought stress.The disadvantageof this

systemis the high demand for water that can lead to higher production costsdue to

higherexpensedor fuel to run irrigation pumpsor problemsmentionedabove.

Rainfedlowlandrice productionis prone to higherrisk of crop failure in regardto timing,
duration and intensity of rainfall. Whereasin paddyrice the continuousflooding helpsto

control weedsand pests, uplandrice is mainly producedunder dryland conditionswith
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neither irrigation nor puddlingin usuallynon bundedfields (Boumanet al. 2007).In Latin
Americaand West Africauplandrice culture is predominant(Macleanet al. 2002).Esper
ciallyin arid and semiarid regionsof the world the scarcityof water asa resourceis the

major determinantof successfutice production.

3.2Water demandsand lossesat field level

Thetotal seasonalwater input variesfrom only 400 mm in heavyclay soilswith shallow
groundwatertablesthat supplywater for crop transpirationby capillaryriseto more than
2000 mm in coarse textured (sandy or loamy) soils with deep groundwater tables
(Boumanet al. 2001). Accordingto Yoshida(1981)normal water consumptionin a rice

croppingperiodis around1240mm up to 3000mm.

Thewater lossesn rice productionare causedoy evaporation,transpiration,percolation,
seepageand overbund flow. Transpirationis the only productive water loss, whereas
seepagepercolation,overbundflow, and evaporationare all non productivewater flows

andcanbe consideredaslossflows at field level (Boumanet al. 2007).

Evaporations the releaseof water into the air asvapourfrom pondedwater or from the
surfaceof the soil; it varieswith the surfacecoverageratio of the field. More surfacecovr
eragealtersthe ratio betweenevaporationand transpiration. Themore surfacecoverage

the moretranspirationandthe lessevaporation(Penget al. 1994).

Transpirationis the releaseof water asvapourfrom plant surfaceslt is controlled by the
openingand closingof the stomata,andis relatedto factorssuchasleaf areaindex,wind
speed temperature,solarradiationand moisture providingcapacityof the soil (Penget al.
1994).Riceleavesare generallythin, with no differentiation of mesophylicellsinto palir
sadeand spongyparenchymaThenumberof stomatais tenfold greaterthan in leavesof
dryland grassesRicecuticlesare thin with a very thin wax layer and comparativelylow
cuticularresistance(Boumanet al. 2007). Therefore,rice is extremelysensitiveto water
shortage:whensoilwater contentdropsbelow saturation,growth andyield formation are

affected(Yoshidal981;Boumanet al. 2001).
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Percolationdescribesthe vertical flow of water below the root zone; whereasseepage
describeghe lateral subsurfacdlow of water (Boumanet al. 2007).Percolationand seepr
age depend especiallyon soil structure, hydrologicaland geologicalconditionsand the
irrigation technique,which indicatesthat they vary accordingto the regulationof the soil
moisture content (Penget al. 1994).1n a heavyclaysoilthere is lesspercolationthanin a
sandyloamy soil (Boumanet al. 2001). Seepageand percolationcan accountfor a large
share of the seasonallyrequired water on field level. Additionally, water loss through

overbundflow canoccur.

Asalreadymentionedwater scarcityis steadilyincreasingasis the needto producemore
rice. In the future lesswater will be availablefor agriculture;hence,a severedemandfor
water savingagriculturalapproachess imminent. Thereare different approachedo pror
duce rice with lesswater. Theseare genotypespecificimprovementstowards drought
resistanceby breeding,altering croppingtechniquese.g. switchingfrom transplantingto
direct seeding(Tabbalet al. 2002;Wassmanret al. 2009)or simplyby improvingirrigation

cannelsJandlevelling,puddlingandtillage aswell asproper bunds.

Tabbalet al. (2002)proposedthe method of direct seedinginsteadof transplanting.Quite
often transplantingimpliesirrigating the entire field to preparethe seedbed whichthen
only takesa smallpart of the field. Additionallythe transplantingshockprolongscropdur
ration. Direct seedingcan lead to water savings;it shortens field preparation and,
therefore, water input may be smaller.Puddlingis alsoseenasa water savingmethod, it

increasesvater retention and the reductionof soil permeability,additionallyit easedield

levellingand transplanting(Tabbalet al. 2002).Everymeasurethat shortensthe cropping

period or minimizedand preparationincreasesvater productivity.

Breeding pursued different approaches,e.g. cultivars for non paddy environments or
shortduration cultivars. The WESTAFRICARCEDEVELOPMEMISSOCIATIOWARDAINtroduced
Sahell08asa shortduration cultivarin the mid 4990s which quicklyoccupiedlargeareas
of the rice croppingareain the SenegaRiverValley— onethird in the wet seasonandtwo

third in the dry seasonrespectively(Macleanet al. 2002).
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In terms of water scarcityother rice productionsystemshan paddyrice havebeendevelr
oped. These are for example the Systemof Rice Intensification (SRI), Intermittent
Irrigation (I1), Alternate Wetting and Drying (AWD), Saturated Soil Conditions(SSCr
aerobic rice. The different systems,their characteristicsand requirementswill be exr

plainedin the following section.

3.3 Water savingproductionssystems

Lessstandingwater in water savingproduction systemsresultsin a lower water head,
thus, in lessseepageand percolation.Additionally,the absenceof a water layerresultsin
no evaporationfrom water surface (Borrell et al. 1997). Therefore, possiblesavingsin
production costs and higher water productivity can be achieved.Possiblepenaltiesin
thesesystemscanbe: decreaseiomassyield reduction,more weeds,soil crackingand

the needfor adoptedvarietiesaswell asa possiblyhigherworkload.

In the systemof SaturatedSoil Culture (SSCiho water layer shouldoccuron the soil surr
face.Themoisturecontentin the root zonelayeris takenascontrol criterion to determine
the date and quota of irrigation, which is required as soon soil moisture content fallsbe r
low 60 i70%of saturation.In SSGoil poresarefull of water (Penget al. 1994). TheSSQvas
first developedfor soybean(Glycinemax) by Hunteret al. (1980)in combinationwith fur r
row irrigation. Accordingto Boumanet al. (2007)it representsa combinationof paddy
rice and uplandrice production.In practicea shallowwater layeris appliedafter reaching
the criticallower soilmoisturelimit. Analyzinga datasetof 31 publishedfield experiments
with a SSQreatment Boumanet al. (2001)found that water input decreasecdn average
by 23% (range: 5 60%) compared to the continuously flooded control, with a nonr
significantyield reduction of 6%.Borrellet al. (1997)experimentedwith raisedbeds (120
cm wide, with furrows of 30 cm width and 15 cm depth) to facilitate SSCpractices.The
water in the furrows kept the bedsat saturation. Comparedto flooded rice treatments,
water savingswvere 34%andyield lossesl6 B4%(thoughnot alwayssignificant).Tabbalet
al. (2002)reportedslightlylower yieldsfor the SSChut dueto decreasedvater input, war
ter productivity, but alsothe amountof weedsincreased Obermuelleret al. (1974)found

that within the SS@uddlingimprovedgrowth andyield of unfloodedrice. Water savings

11



Literaturereview

vary between 20 #0%(comparedto paddyrice) dependingon the different factorsmenr

tioned above(Penget al. 1994;Borrellet al. 1997;Boumanet al. 2001; Tabbalet al. 2002).

In the Alternate Wetting and Dryingsystem(AWND)irrigation is managedin intervals, so
that there is a changebetween flooded and non flooded soil conditions. Theseperiods
canvary from one to ten daysdependingon the specificmanagementregime,aswell as
on soil and climatic conditions. The succesof this systemdependsstrongly on the soil
type. It is seenasa promisingpossibilityfor lowlandrice areaswith heavysoilsand shalr
low groundwatertables.In loamy or sandysoilswith deep groundwaterhigh amountsof
water canbe saved(up to 50%)but at the expenseof yield (up to 20%)(Wassmanret al.
2009).Boumanet al. (2001) stated that 92%of the AWDItreatments resultedin 0 70%
yieldreductioncomparedto the flooded controls.OverallAWDincreasedhe productivity
of total water input becausethe reductionof water input washigherthan the reductionof
yield. But unproductive water lossescannot be fully avoided becausethe soil is under
submergedconditionsat irrigation periodsand, therefore, water consumptionis still high
(Belderet al. 2003).

The Intermittent Irrigation system(ll) is similarto the AWDsystem.The conceptfavours
flushingthe soil at certainintervalsafter the water hasdisappearedrom the surface.Acr
cordingto Lu et al. (2000) Il systemsneeded irrigation when the soil water potential
decreasedto valuesbetween 0 20 kPaat a depth of 5 cm. Thisprocedurereducedthe
percolationrate by reducingthe hydraulicheadof the pondedwater; howeverit leadalso
to a shrinkingand swellingof the soil. The occurrenceof rapidly soil crackingincreases

with prolongeddroughtperiods.

Aerobicrice growsunder non flooded and non saturatedconditions;hence,water losses
such as seepage,percolation and evaporationfrom water surface are eliminated. For
aerobicrice production specialcultivarsare required (Wassmanret al. 2009). At the INr
TERNATIONARCE RESEARCINSTITUTEIRRI)scientistsdeveloped high yielding tropical rice
cultivarswhich can be grow in non paddy environments(Macleanet al. 2002).IR 64, for
example,hasbeendevelopedasan early headingtype providingsuitablebreedingmate r

rialsfor water savingrice cultivation (Farooget al. 2009).Water use canbe reducedup to

12
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60%relative to that in lowlandrice and s facilitated by the availabilityof weed manager
ment tools and seedcoatingtechnologies Additionally,lesslabour is required and it can
be highly mechanized(Huaqi2003). Problemswhich often can be found in upland rice
production are high weed infestation, reduced nutrient availability, drought and heat

stress thus, possibleyield penalty (Farooget al. 2009).

Thegroundwatertable playsanimportant role with regardto irrigation. Theshallowerthe
water table the lessirrigation is needed, becausethe plants can satisfy their water re r
quirementsby usingthe groundwater.Additionallypercolationis rather low in fields with
a shallowwater table (Tabbalet al. 2002) Probablywater savingtechnologiesnay lower

the groundwatertable, thusleadingto higherpercolationrates.

An important factor for consideringwater savingsystemsis water productivity. Thisder
notes the amount of marketable grain produced for each volume of water used for
transpiration, evapotranspirationjrrigation, or rainfall (Boumanet al. 2007).Water pro r
ductivity is higherthe more yield is obtained or the lesswater is usedor lost (Boumanet
al. 2005).Valuesfor water productivity varyaccordingto site andirrigation system.Tabbal
et al. (2002)found for a SS@xperimentan increaseof water productivity of about 45%
comparedto flooded conditions.In Il water input could be reducedevenmore but at the
expenseof increasedyield loss.Boumanet al. (2001)achievedin a SSQreatment mean
water savingsof 23%with an expensein yield of 6%.Water productivity increasedn the
experimentsup to 1.9 g grain kg® water comparedto 0.260.4 g grain kg" water in India
and0.31d.1 g grainkg" water in continuouslyfloodedrice in the PhilippinesButit is very
important to note that in most casegshe increasein water productivity is directly related
to a decreasein yield. Managementstrategies such as weed management,irrigation
method, land levelling, as well soil type have a high influence on water productivity

(Farooget al. 2009).

3.4 Problemsandissuesoften related to drought stress
Argumentspro paddy rice production are various. The most important onesare that in
flooded systemsno water stressoccursand a better weed control is possible,therefore

higheryieldscanbe obtained(Borrellet al. 1997).
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In productionsystemswith a reducedwater input severalproblemscanarise,andwith an
increasingreduction of water the detrimental effectson rice canincreasetoo (Farooget
al. 2009).Risksare e.g.reducedbiomassproduction, alteration in phenologicaldevelopr
ment, yield reduction, and an increasein spikeletsterility. In the field it canleadto an

increasedveedinfestationand soil cracking.

Severalauthorsreported reducedtiller numbersand biomassproduction, resultingin a
lower leaf areaindex,lessphotosynthesisand earliersenescenceall thesefactsleadingto
yield reduction (Heenaret al. 1984;Boumanet al. 2001).Boonjunget al. (1996)reported
a critical period between panicleinitiation (PI)and anthesisduring which water deficits
severelyaffectyields.In contrast,in experimentsconductedby Borrellet al. (1997)similar

yieldswere obtainedin SSGreatmentscomparedto flooded conditions.

Under drought stressthe plant cannot maintain surfacecooling via transpiration, e.g. in

the panicle,thus in addition the plant suffersfrom heat stresswhich canleadto aninr
creasein spikelet sterility, especiallywhen temperature exceed 35°Caround anthesis
(Yoshidal981; Dingkuhn1995; Boumanet al. 2001; Wassmanret al. 2009) Productivity
increaseswith risingtemperature,but declinesdue to heat stresswhentemperaturesexr
ceedthe optimal range,which is between 23 26°Cfor rice (Dingkuhnet al. ). Therefore,
biomassproduction can decrease,whereas spikelet sterility increaseswith increasing

temperature(Ohe et al. 2007).

Reducedwater supply before anthesisinfluencesdevelopmentasit may delay tillering,
panicleinitiation and anthesis,whereasafter anthesisit canacceleratethe development
by rapid leaf senescencéHeenanret al. 1984;Boonjunget al. 1996).Lilleyet al. (1994)ob r
serveddelayedpanicleinitiation, aswell asa prolongedpanicledevelopmentin a water r

deficit treatment.

Dueto the inexistentwater layer a higher population of weedsis possible.Borrell et al.
(1997)describeda negativecorrelationbetweenwater input and weed population. Addir
tionally the absenceof floodwater decreaseshe effectivenesof herbicidesdueto a rapid
breakdownthrough light and temperature,which enhancesveed populationadditionally.

Borrellet al. (1997)found more weedsin a SSGhan in a paddysystemfor a wet season
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crop. Similarresultswere confirmedby De Datta (1981)who found a decreasinghumber

of weedsby increasingloodwater depth.

Whena paddysoil driesout crackingoccurswith the severitydependingon the soil type.
Heavyclay soilsare very susceptibleto cracking.Crackingnjuresroot systemsand addir
tionally leadsto a higher percolationrate. With an increasingcrackdepth the amount of
water infiltrating into the subsoilduringirrigation or a rainfall eventincreases|eadingto
non productivewater lossesLuet al. (2000)reported that water consumptionwashigher
in anll systemcomparedto a SSCmainlydueto highersoil cracking.Theavoidanceof soil

crackingstherefore a methodfor water conservation.

In view of the problemsrelated to water savingtechniquesit is very important to find
waysand solutionsto overcomethese issuesbecausethere is a strong demandfor rice
productionthat, on the one hand, useslesswater and, on the other hand, achieveshigh

yieldsto fulfil future needsfor an adequatenutrition worldwide.

3.5Riceproductionin Senegal

SubSaharanWest Africa is increasinglysusceptibleto unpredictable extreme weather
eventssuchaslongdroughtsor heavyrainfall. Resultof theseeventsare soil degradation
and erosion,crop failure, rural poverty, mal rand undernourishmentSincel973the prefr
erencefor rice in West Africais constantlyincreasing.The regionaldemandfor rice has
grown about 6%annuallyby a combinationof population growth and substitution of tra r
ditional cerealssuchas sorghum(Sorghumbicolour) and millet (Panicummiliaceun). Rice
has becomea major sourceof caloriesand the share of rice in consumedcerealshas
grown from 15%to 25%from 19604.990. Therapid increasein demandwas not met by
the increasein production, consequentlyimports were required to satisfy food needs

(Macleanet al. 2002).

Senegals locatedin West Africa, borderingthe North Atlantic Ocean,Mauritania, Mali,
Guinea,GuineaBissauand the Gambia.Senegahasan areaof about 197,000km2 and a
total population of 12 Mill. Fromthis area 12%(26,000km?2) are under agriculturaluse
(FAO2006).Thevalue addedfrom agricultureto the GrossDomesticProductwas about

14.7%in 2007.Approx.7 Mill peopleare living in rural areas(FAO2006).Main cropsare
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millet, sorghum, maize and rice. In the commodity rankinglist in terms of production,
paddyrice wasat the 5" placein 2005,behindgroundnuts millet, cattle and chickenmeat
(FAQ2005).1n 200780,000ha of paddyrice havebeenharvestedwith an averageyield of
3t ha" (FAO2007). The food consumptionquantity was 115 kg rice per capitain 2003
(FAO2003). Senegaldependsstrongly on imports to meet rice consumption.In 2006
about 700,000t of rice were imported to Senegal(mostly from Thailandand Southr
America)and 100,000t were exported(mostlyto Mali, the Gambiaand SpainYFAO2006).
A large share of the Senegaleseagriculture, especiallyrice production, is irrigated. The

areaequippedfor irrigationis approx.120,000ha (FAC2002).

Thereare mainly two production seasondor rice. The main seasonstarting in Junewith
harvestin OctoberDecemberthe off seasonstarting in February/Marchwith harvestin
June.The main production constraintsto a sustainablerice production are accordingto

Macleanet al. (2002):

x Heatimducedsterility at the end of the off seasonn irrigatedareas

x Coldmnducedsterility in December

x Poormaintenanceof irrigation facilities

x Inadequateandirregularinput suppliessuchasseedsfertilizer and credit
x Lackof smallfarm equipment,especiallyfor post harvestoperation

x Lackof well implementedrice policy

X Weakresearchandextensionsupport

x Shortageof water in the dry season

Theagriculturalwater withdrawal is about 93%of total water withdrawalin Senega(FAO
2002).In the south of Senegathe largestshareof agricultureis concentratedin the rainy
seasonput in the north, whererainfallis muchlower, agricultureis stronglydependingon

irrigation either from groundwateror freshwater (e.g.from rivers)in both seasons.

Hafeleet al. (1999)reported, the total areafor irrigatedrice culture in the SenegaRiver
Deltaamountsto ca. 70,0000f which 40,000ha are under cultivation (SAEDL996, per r

sonal communication). Two main types of irrigation systemscan be distinguished:(i)
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formerly state governedirrigation schemeswith good irrigation and drainageinfrastrucr
ture (10,000ha) and (ii) private irrigation schemeswithout drainage(ca.30,000ha). The

actualareaunderirrigation variesstronglyfrom yearto year.

Forthe cultivationof rice input suppliessuchasseedsfertiliser and creditare needed,but
asalreadymentionedabovethese suppliesare often limited. Hence rice production sysr
temsrequiringlessinput supplies e.g.fertilisersor credit, are needed.Dueto the factthat
irrigation often requirespumpingof water, moneyandalsowater couldbe savedwith war
ter savingproduction systemssuchas SRI,AWD or SSCAt the WARDASahelStationin
Ndiayein the north of Senegakxperimentshave been conductedto observethe impler
mentation of suchwater savingsystems/AWDMichel de Vries, SR imothy Krupnik).Yet

no experimentsfor the SSQvere conducted.

Theaim of the experiment,which wasthe backgroundor this thesis,wasto testa SSGn
a SubSahararenvironmentand to evaluatedifferent agronomicalparametersrelated to

rice productionandgenotypicperformance.
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4 Materials and Methods

4.1 Experimentalsite and field conditions

This study was conductedin Senegalwhich is consideredto be representativefor irri r
gatedrice productionin the SahelZone.The experimentwas conductedat the WARDA
researchstationin Ndiaye(16°14’'N, 16°14'W), 35 km northeastof Saintt.ouis.Ndiayeis
locatedin the SenegaRiverdeltaandhasan arid coastal stronglyseasonatlimate.
Senegals situatedon the WestAfricancoast,in the transition zonefrom the Sahelto the
humid savannasSenegahastwo main seasonsthe wet seasonwhich lastsfrom Julyto

the end of October,andthe dry seasorfrom Novemberuntil June.

The dry seasonis characterizedoy high diurnal temperature amplitudes,minimum tem r
peraturesaround 10°Cin the early season(January)and maximumtemperaturesup to

40°Cin the late season(June)(Dingkuhnet al. 1995).From Novemberto March dry and
dusty winds from the Sahara(Harmattan)are predominant.In the hot rainy seasontem r
peraturesare between22 #0°Cwith southerlywindsfrom Juneuntil October;most of the

precipitationfalls from Julyto November(Asch1997).Theaverageannualprecipitationin

Senegals approx.686 mm per yearwith 200 600 mm in the north andup to 1500mm in

the south (FAQ2005).

The soil in Ndiayeis a hydromorphic,strongly shrinkingHollaldetype vertisol with 47%
clay,14%sand,39%silt (LeBrusq1980).Thegroundwatertable wasapprox.50cmbelow

soilsurface.

Theexperimentwasconductedin the hot rainy seasorof 2008,startingon July10,2008.
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Figurel: Dailyrecordsof temperature[C°](automaticallyrecordedby a meteorologicaktation closeto exr
perimentalsite) and precipitation[mm] (measuredwith arain gaugenextto the plots)in the rainyseason
2008at the WARDAresearchstationin Ndiaye;DAS=Dayafter sowing,sowing:10" of July

Duringthe croppingperiod the averagetemperature was about 29°Cand 274.25mm of

precipitationwasmeasuredFigurel).
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4.2 Cultivars,experimentaldesignand growth conditions

Theaim of the experimentwasto comparegenotypicresponseso two different irrigation
treatments:the ConventionaPaddySystem(CPSandthe systemof SaturatedSoilCondir
tions (SSC).

10rice varietieswere used,coveringa broad rangeof geneticdiversity,suchaslongrand
short duration, photosensitivity,sensitivityor toleranceto diverseabiotic stressesaddir
tionally localandinternationalcheckvarietieswere includedin the experiment(Tablel).

Tablel: Characteristicsf the cultivarsusedin the experiment.Abbreviationssat=Oryzasativa;gla=Oryza
glaberrimg Impr=improved;Trad=traditional.cultivarslistedin alphabeticabrder

Cultivar Species/. Type Duration  SPecial Cquptryof PFJtentiaI .

Subspecies Property Origin Yield t ha
CGl4 gla Trad. short upland Senegal r
Chomrong sat/jap Trad. short coldlerant  Nepal r
IR31785684 288  sat/ind Impr. short salsensitive, Philippines 10

heat tolerant

IR463002 P sat/ind Impr. medium saltolerant Philippines 8
IR64 sat/ind Impr. short internatcheck Philippines 10
JAYA sat/ind Impr. medium hetdlerant  India 12
Sahell08 sat Impr. short Philippines 10
Sahel02 sat/ind Impr. medium Nigeria 12
WAS6322 sat Impr. short watesaving Senegal 10
WAS161B9 @ satxgla Impr. medium Senegal 10

For simplicity, IR 31785684 2 B B will be abbreviatedas IR 31785, IR 4630222 as IR
4630andWAS161B9 2 asWAS161.
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The experimentalsite was separatedinto two blocks,which were irrigated differently.
Eachblock consistedof three replicationscontainingten plots for the individualrice culti r

vars.Theplot sizewas3x4m, with 15x20(=300)rice hills per plot (Figure2).

Figure2: Plot design,greenpart: harvestarea,orangepart: sampletakingarea,light blue: areafor lysimer
ters, yellowpart: borderarea,darkblue: phyllochron

Aten meter gapwasleft betweenthe blocksto avoidwater flux betweenthe treatment

systemgqFigure3).

SSC

Replication 1 Replication 2 Replication 3

SESlEE elEnETat

o planted / m bare V: v-notched weir | Bund (50cm)
Lysimeters

Figure3: Experimentalayoutwith 2 irrigation treatments (CPS=ConventionBhddySystem SSC=Systeof
SaturatedConditions)SourceSabineStiirz)
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Eachexperimentalplot wasenclosedby bundsof 30 cm heightand reinforcedby PVE foil
to minimizelateral seepagebetweenplots. In preparationof the experimentthe field was
ploughedand flooded. Seedswvere direct seededafter pre soakingfor one day,thenincur
bating them into the soil for two more days.All plots were sown on July10, 2008. Only
Sahel202 was sownwith one weekdelayon July,17 2008,due to germinationproblems
of the designatedcultivar ITA212. For eachhill three germinatedseedswere put into a
hole and coveredwith sand.At 19 DAShe smallestof the three rice plantswasremoved.
120kgN ha" (Urea),60 kg Pha® (Diemmoniumphosphate 18 #6) and 60 kg K ha® (KCI)
were appliedasfertiliser. N wasappliedat three different growth stages(split application
40/40/20) 21 DASPIlandbootingstage,respectively P and Kwere appliedwith the first
applicationof N. Therewasa constantwater layer of about 5 cm until three weeksafter
sowingin both treatmentsto assurean optimal field establishment.
Theherbicidesweedoné (Nufarm2008)and Propanif (Wood2009)(1:4)were appliedin
addition to manual weeding. Pesticides(Furadafl (Kwizda2008), Deci$ (Bayer 2009))

were appliedon aregularbasisto assureoptimal growingconditions

4.3Irrigation treatments and water lossmeasurements

Therewere two irrigation regimes,one block wasirrigated as a conventionalpaddyrice
field with the soil being completelyflooded during the croppingperiod, the other block
was maintainedin the systemof SaturatedSoil Conditions(SSCyvhere the soil was kept
saturatedand pondedwater in the plotswasavoided.

Irrigation wasdone viaa V notch weir to measurethe volume of water influx into a plot.

Asshownin Figure3 and Picture 1, two plots were suppliedby one V notch weir, there

! PvC=polyvinyhloride

“Weedone* 638(2,4D Acid)

3 Propanil(3,4 dichioropropionaniine)

* Furadart* granulated(Carbofurarb0g/kg)

®Decis* (Deltamethrin25g/1)
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beingfive weirsin eachtreatment of the experiment.Dischargdrough a V notch weir can

be calculatedirom “Brater andKing” Equationadaptedto the metric system(Appendixl).

Equationl: TheoreticadischargehroughV notchweir

) = 13.8tan (#/2) HZ®

Where
X Q=Theoreticadischarggcm3sec")

x @ =Angleof V notchweir (degrees)
x H=Headon apexof notch (cm)= a cos(6,/2) (cm)
x 13.8=Theoreticakonstantbefore calibration(cm™ sec")
Plotswithout a VV notch were watered by openingand closingthe bunds.
The CPSwas on averageirrigated every three to four daysand the flooded conditions

were maintainedthroughout the vegetationperiod until two weeksbefore harvest.The

SSQreatment wasirrigatedat a higherfrequencyaswater wasappliedin lower amounts.

Picturel: V notchweir between2 plots, equippedwith lysimeters
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4.3.1ConventionalPaddySystem

Water loss (Evaporation(E), Transpiration(T), and Percolation(P)) was estimated using
lysimetersin the plots. Thelysimeterswere madefrom metal, squaredand 60 cm sizedin
length and height, and were installedat a depth of 35 cm below ground. Four different

typesof lysimeterswere used(Table2).

Table2: Descriptionof lysimetersusedin the experiment

TypeA TypeB TypeC TypeD
r Plantedwith r Plantedwith r Notplanted r Notplanted
rice rice with rice with rice
r Openonthe r Closednthe r Closednthe r Sized80x20x30
bottom andon bottom, open bottom and cm (length,
top ontop with alid width, height)
Estimationof E,T,P Estimationof E,T Estimationof P Estimationof Eber

tween 2 rows

Atype Arandtype B tysimeterwere installedin eachplot irrigatedviaa V notch weir; ad r
ditionally either a TypeCror D fysimeterwasinstalledin someof the plots. In contrastto

the other lysimeters,type D wasinstalledat a depth of only 5 cm below ground. Lysimer
ters were installedin ten plots in eachblock, ensuringthat one plot of eachvariety was
equippedwith lysimeters.All lysimeterswere equippedwith rulersinsideto measurewar
ter height,allowingthe calculationof E, TandP.

TypeA tysimetersallowedthe calculationof Evapotranspiratior{ET) whichis the sum of

evaporationandtranspiration(E+T=EThf the soilandthe rice plants,andalsoPin lower
soil levels.Becauseof the closedbottom of type B only ETwas measured,whereaswith

the type Cmodelonly Pwasmeasured.TypeD wasinstalledbetweentwo rows of rice to

calculatesoil evaporation.Thereforeit had a different sizecomparedto the other types
(Table2).

Thewater level in the lysimeterswas measuredbefore and after irrigation, and wasadr
justedto the samelevelasin the surroundingplot after irrigation.

In addition a gradedwooden stick was installedin eachplot to measurethe water level

beforeandafter irrigation.
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Picture2: Differentlysimeters(from left to right: TypeC, Picture3: Differentlysimeters(from left to right: TypeA,
A,andB) B,andD)

4.3.2Systemof SaturatedSoilConditions

Asthe systemhad no pondedwater layer,water losswasestimatedby measuringsoilwar

ter content using Time DomainReflectometry(TDR UmweltanalytischeProdukte GmbH)
(Produkte2009; UP 2009).To calculatewater loss,the soil in eachplot irrigatedviaa Vr

notchweir wasmeasuredwith the TDRbefore andafter irrigation.

4.4 Observationsand Measurements

4.4.1Weather

A meteorologicalstation closeto the experimentalplots monitored the weather condir
tions during the experiment, measuringtemperature [°C], solar radiation [W m? and
wind speed[m s"]. A rain gaugewasinstallednext to the field to measureprecipitation

[mm].

4.4.2\Water treatments
Thewater levelin the lysimetersand the plots wasmeasuredin the CPSefore and after
irrigation. Additionally, the water level of the CPSand SSGwvas measuredatfter a rain

event. TheTDRwasusedto detectwater lossedn the SSC.
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4.4.3Phenology
Foreachgenotypethe sequenceof phenologicaktagesand of leaf appearancewere obr
served.“Leafappearance’wasdefinedasappearanceof the ligula. Asthe ligulaappeared

the leafwasmarkedusinga white markerpen.

The following developmentstageswere recorded: emergence start of tillering, panicle
initiation, booting, heading(at 50%and 100%o0f plantsin the plot), flowering (at 50%and
100%)and maturity. Maturity was reachedfirstly if one panicle changedits colour 3/4
from greento yellow, and secondlywhentheseconditionscouldbe observedin the whole

plot.

4.4.4Sampling

Samplingsvere conductedin 21 dayintervalson 4 neighbouringhills per plot.

Plantheight, canopyheight, and tiller numberswere recordedwhereasplant height was

measuredwith aruler, and canopyheightwasmeasuredwith a griddedboard.

From eachhill the youngestfully developedleaf was sampledseparately the remaining
hill wascut closelyto the soil surfaceand roots were sampledusinga squaredmetal root
box (sidelength: 20 cm; depth 30 cm). After samplingthe entire soil volumeincludingthe
roots, roots were washedout closelyto the plot usingsieves,irrigation water and large

bowls.

Theabovegroundiomassof the four hills wasseparatedinto leaves stems,deadleaves,
and later in the seasonalso panicle.Samplesvere dried to consistentweight in an oven

(75°Candafterwardstheir weightwasdetermined.

At maturity the harvestarea(1,40m x 2,40m, 84 hills) of the plots wassampled.Panicles
were removed after cutting down the harvestarea. Tillerswere counted, panicleswere
threshed,grainsseparatednto filled and unfilled ones,and weighed.Additionally,the 100
grainweight of filled and unfilled grainswasdetermined.Alsothe dry weight (DW)of the
straw was measured.Grainweight was correctedto 14% moisture content, after deterr

miningthe grainmoisturecontentusinga grainmoisturemeter.
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4.4.5Dataprocessingand problemsduring croppingperiod

Dataprocessing

StandardisedPhenology

Theprogressin time alongthe phenologicalstageswas convertedinto a standarddevelr
opmentscale(standardindex). Summerfieldet al. (1992)convertedthe time from sowing
to flowering by usingthe rate of progresstowards flowering, i.e. the reciprocalof time

takenfrom sowingto flowering, 1/1.

Accordingto that 50%flowering wassetto phenologicaktagel and all the stagesin ber

tweenwere calculatedfor eachgenotypeusingthe following equation.

Equation2: StandardisedPhenology
Standardised Phenalngy

1
- ® Days to speclfic phenological stage
Number of Days until Flowering ’ PELEEEE g 4

Non tinearextrapolationfor biomassdevelopmentto developmentstage

In order to harmonizethe samplingfrequencyof 21 daysintervalswith the phenological
developmentof the individual varietiesa non tinear extrapolationof biomassaccumular
tion was based on observed development stages. This allows comparing varieties at
similar physiologicaktages.Curvesfor the developmentof abovegrounddry matter until
harvestand its derivate growth rate [g hill* day®] were fitted. The chosenequation for
developmentof abovegrounddry matter was:

Equation3: Developmeniof abovegrounddry matter

.
Iny=a+ bx+cx~

Problemsduringcroppingperiod

Toimplementa similarirrigationin all the plotsthere havebeenproblemssuchasheteror
genicfield preparationwhich resultedinto different water holding capacitiesn the plots.

Someof the plots havenot beenwell puddled.
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4.5 Statistics

The experimentwas arrangedas a split plot design,where the two irrigation treatments
were separatednto two blocksto facilitateirrigation.

Datawere statisticallyprocessedvith SASProcglm) asa randomizedblock designto in r
vestigate possible statistical differences between the irrigation treatments and the
genotypicresponses.

StudentsT test (p ®.05) was appliedto test the effect of the different irrigation treat r

mentsfor the specificgenotypes.
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5 Results

5.1 Water use

Onlythe water inflow via V notch weirswasusedasindicator for water usein this thesis.

The TDRmeasurementsvere not yet establishedand due to the non existentwater layer

in the SSQ@reatment, lysimeterswere of no use. Therefore,datafor percolation,transpir

ration and evaporationin the SSGvere not available,thus no comparisonbetween CPS

and SSQvith regardto sourcesand ordersof magnitudeof water losswill be attempted.

Water savingg%)]were calculatedby the following equation:

Equationd: Water savingg%o]

Water input CPS-system [mm]— Water input 55C—system [mm]

Water savings[%)] = X 100

Weater input CPS—system [mm]

Waterinput comprisedrrigation and precipitation.

In the SSCon average24% (200 mm) less water was applied comparedto the CPS,
whereason averagethe similaryield wasachievedn the two irrigation treatments(Figure
4).

Thecalculatedwater productivity [g grainm ® mm*®] wasabout 0.63and 0.85g grainm®

mm® for the CPSind SSGTable3).

Table3: Averagewater input (irrigationand precipitation)[mm], averageyield [g grainm ?] and calculated
water productivity[g grainm® mm"]

L Water use(rainfall + . . p Water Productivity
Irrigation System irrigation) [mm] Yield[g grainm ] [g grainm 2 t
CPS 820 517 0.63
SSC 626 530 0.85
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Testedgenotypesrespondeddifferently to the treatments, on the one handthere wasa
groupof varieties(Sahell08,IR31785,WAS6322)which usedabout the sameamount of
water for a similaryieldin both treatments.Onthe other handvarietiessuchasWAS161,
JayalR 64, Sahel202 usedup to 58%lessirrigation water in the SSQvithout any penalty
on yield (Figure5). ThevarietiesChomrongand CG14 were excludedfrom this analysis.

Thiswasdueto extremeyieldlossescausedoy birds.
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Figure4: Yieldcomparisorikg m?] of the varietiesbetweenConventionaPaddySystem(CPSand
systemof SaturatedSoilConditiong(SSC)vith averageof yieldandwater input [mm] (irrigationand

precipitation);Standarderror overrepetitionsof eachvariety
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Figure5: Yield[kg m ] overwater input [mm] (irrigationand precipitation)for variety 1 8 in the

ConventionaPaddySystem(CPSand Systemof SaturatedSoilConditions(SSC)Varietynumber:
1=IR31785,2=IR4630,3=1R64,4=SaheP02,5=Jayab=WAFPH322,7=WASL61,8=Sahel 08

1000

Table 4: Water input [mm day®, irrigation and precipitation] for the varietiesin the irrigation
treatments(CPSSSC)water savingg%]in the SSComparedto the CPS

Water input [mm day™, irrigation + precipitation]

water savings

Variety CPS SSC in SSC [%]
CG 14 8.0 7.4 0.07
Chomrong 10.7 7.9 0.26
IR 31785 8.1 6.7 0.17
IR 4630 7.9 6.6 0.17
IR 64 10.3 7.2 0.30
Jaya 9.2 6.2 0.33
Sahel 108 7.3 6.9 0.05
Sahel 202 8.7 5.1 0.41
WAS 161 9.9 5.9 0.40
WAS 6322 8.5 7.2 0.15
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Asshownin table 4 varietiessuchasCG14 and Sahell08 usedaboutthe sameamountof

water [mm day?] in the two irrigation treatments, whereasWAS6322, IR31785and IR
4630had 10 20%lesswater use[mm day?]. Someof the varietieshad over 20%lesswar
ter use Bahel202 (41%),Was161 (40%),Jaya(33%),IR64 (30%),and Chomrong(23%)),
respectively(Tabled).

IR31785,IR64, Sahell08 and WAS161 have beenstudiedin detail for their water use.
ForIR64 and WAS161the amountof water input viairrigation differed widely amongthe
two irrigation systemscomparedto the cultivarsSahell08 and IR31785.Thedaily water
input from irrigation [mm] duringthe specificcroppingperiodsvariedbetween4.9mm (IR
31785)and 7.3 mm (IR64) in the CPSand 2.9 mm (WAS161)and 4.2 mm (IR64) in SSC
(Figure6ad). The biomassaccumulationin the two irrigation systemsdid not differ for
Sahell08 and IR 64 (Figure6b,c).IR 64 accumulatedthe samebiomassin the SSGwith
42% less of water, whereasfor IR 31785 water savingsin the SSConly amounted to
approx. 7% (Figure6a). The highestwater savingswere achievedwith the cultivar WAS
161, whichusedlessthan 58%of the irrigation water in the SS@omparedto CPSvith no
lossesof biomassaccumulatiorat all. In contrastbiomassaccumulationn SS@utreached
CP&fter flowering (Figure6d).
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Figure6ad: Cumulativewater input by irrigation [mm)] via V notch weirs over the croppingperiod in the
rainy season2008 for IR 31785, IR 64, Sahel108 and WAS191in the irrigation treatments Conventional
PaddySystem(CPS)SaturatedSoil Conditions(SSC)precipitation during croppingperiod: 275.25mm; bio r
massaccumulationduring croppingperiod in the two irrigation treatments of three phenologicalstages,1:
Sowingto panicleinitiation, 2: Paniclenitiation to floweringand 3: Floweringto maturity.
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With regardto biomassproduction versuswater use (irrigation and precipitation) small
differenceswere observedover the croppingperiodfor e.g. Chomrongand IR64 between
the two irrigation systems,for WAS161 and CG14 water productivity in the SSGvas
much higherthan in the CPSThisis applicableto all three observeddevelopmentstages
(Tableb). In the developmentstagefrom sowingto Plthe largestdifferencesbetweenwar
ter productivity in CPSand SSGwere observedfor WAS161. FromPlto flowering water
productivity was much higherin the SSGsin the CPSor all varieties.Fromflowering to
maturity water productivitywasagainhigherin the SS@omparedto the CP&.g.for WAS
161. In total and averagedover all varietieswater productivity increasedby factor 1.6

from 0.90g dry matter m®mm® in the CPSo 1.40g dry matter m® mm®in the SSC.

Table5: Ratio of water input [mm irrigation and precipitation] for the irrigation treatments Conventional
PaddySystem(CPSand SaturatedSoilConditions(SSC)Water productivity: biomassproduction[g dry mat r
ter m?] overwater input [mm irrigation and precipitation] for the specificphenologicaktages(Sow=Sowing,
Pl=Paniclénitiation, Flow=FloweringMat=Maturity)

Water Productivityjg DM m“mm® Irrigation + Precipitation]

Index Sow PI Pl Flow Flow Mat Total
Variety SSC/CPE CPS SSQ CPS SEC CPS SSC CPS SSC
CG14 0.95 0.53 0.76 3.18 7.21 5.51 8.11 0.96 1.86

Chomrong 0.74 0.46 0.83 1.52 1.9 3.14 3.3p 0.82 1.22
IR31785 0.88 0.68 0.82 2.39 6.50 6.36 3.48 1.27 0.87

IR4630 0.84 1.13 1.66 3.98 4.37 3.02 6.54 0.76 1.12
IR64 0.70 0.63 0.80 1.96 5.11 5.51 5.01 111 1.48
Jaya 0.67 1.22 1.96 6.74 5.39 2.72 8.3p 0.80 1.85
Sahell08 0.95 1.14 1.04 3.27 6.24 2.49 2.9( 0.69 0.85
WASL161 0.59 0.42 1.26 2.51 5.56 2.01 6.8 0.58 1.85
WAS6322  0.87 0.71 0.63 2.92 5.31 4.38 6.6 1.13 1.47
Av 0.77 1.08 3.16 5.29 3.91 5.69 0.90 1.40
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5.2 Cropduration and phenologicaldevelopment

5.2.1Cropduration

Cropduration (time until physiologicamaturity) aswell the time betweenthe phenologir

calstagesvariedamongthe cultivars.

As Sahel202 was sown one week later, the crop duration and phenologicaldata of this

varietywere not statisticallycomparedwith the others.

In somevarietiesSSQrolongedcrop duration ascomparedto the CPShowever,this dif r
ferencewasnot statisticallysignificant(p ®.05).Chomronghadthe shortestcrop duration
with an averageof 76 daysfrom sowingto phenologicalmaturity. The longestduration
wasobservedfor IR4630with anaverageof 110DASTable6).

Table6: Durationuntil maturity of the ten cultivarsin the irrigation treatments: ConventionaPaddy

System(CPSand SaturatedSoilConditiong SSC)eanssharingthe sameletter are not signifir
cantlydifferent; p 8.05;LSD=2.2; D=longduration, MD=mediumduration, SD=shorturation

Variety Cropduration[days] Growthtype
Mean CPS SSC
IR4630 11¢° 109 110 LD
Jaya 102 101 102 LD
Sahell08 93 93 93 MD
WAS161 9% 93 92 MD
IR64 9X 92 92 MD
IR31785 8¢’ 85 90 MD
CGl4 85° 84 86 SD
WAS6322 85° 84 86 SD
Chomrong 76 76 76 SD

Thenine cultivarswere arrangedinto three groups.In the first group varietieswith short
crop duration ( B5 days)canbe found, the secondcompriseshe oneswith mediumcrop
duration (8585 days)and in the third group varietieswith long crop duration (>95days)
canbe found (Table6).

Onaverageonsetof tillering wasobservedat 16.5DAS(CPS5, SSA8) for all genotypes
in both treatments, panicleinitiation (Pl)was reachedaround 49 DAS(CP$47, SS(51),
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flowering at 67.5 DAS(CP$7, SS@8) and maturity was reachedin the CPSaround 91
DASandin the SSGt about92 DAS.

5.2.2Phenologicablevelopment

Thedurationfrom sowingto Plwassignificantlydifferent betweenthe CP&nd SSCin the

SSPlwasobservedon averageat 51 DASwhereasitl was observedafter 47 DASIn the

CPYLSD=0.58Figure7a). All varieties,exceptfor Jayaand IR 4630, had a significantly
longervegetativephasein the SSEStudentsT test, p .05).Varietiesdiffered significantly
in the numberof daysfrom sowingto Pl.Chomrongshowedthe shortestdurationwith an

averageof 41 and45 daysin the CPSnd SSCrespectivelyForlIR64 on average43and47

dayswere observed,and the longestduration showedIR4630with an averageof 62 and

64 daysuntil Plin the CP&nd SSCrespectively.

In both systemsflowering of the different genotypeswas observedat 67 DAS.Thedurar
tion from Plto the stageof 50%floweringvariedin both systems in the CPShe average
was 20 daysandin the SSCQ7 days.Hence,duration in the SSGvas significantlyshorter
(LSD=1.1)Accordingto the StudentsT test (p ®.05) duration from Pl to flowering was
significantlylongerin the CPShan in SSGor the cultivarsChomrong,CG14, Sahel108,
WASG6322 and WAS161. Additionally genotypicdifferenceswere observed:Chomrong
showedthe shortestperiod (13/10 DASIn the CPS/SSTR 4630 (21/19 DAS)and IR 64
(24/20 DAS)xshoweda mediumduration and the longestspanfor reachingfloweringwas
foundfor Sahell08(25/21 DAS)Figure7b).

The developmentstagefrom flowering to maturity was not significantlyaffected by the

irrigation treatmentsfor any givenvariety. Averageduration wasabout 24 daysfrom anr
thesis to maturity (LSD=0.48)Varieties differed in the deviation from flowering to

maturity. For Chomronga duration of 22/20 daysfrom anthesisto maturity wasobserved
in the CPS/SS®r IR64 24/25 days,andthe longestduration from anthesisto phenologir
calmaturity wasobservedfor IR4630with 26/27 days(LSD=1.03Figure7c).

37



Results

a)
I CPS d
C“Omm“g ﬁ 3 ssC
cott T I od
gane! 108 _*—‘ ¢
ps 67 T — &
\REA _T‘ be
RV — be
o7 N b
wps18+%° .
Jay2 @
4630 a
W LSD: 1.2
0 30 35 40 45 50 55 60 65 70
Duration from Sowing to Pl [days]
b)
* Il CPS
C“Omrof\g ; [ ssC e
*
cGLA — d
08 d a
gane\*
*
6322 — d
WAS
\REA — ab
d
\R?MSB — ¢
- * ab
Whs 18t Be®
RER e —— .
4670 T —— bo
w® LSD: 2.3
0 10 15 20 25
Duration from PI to Flowering [days]
- c)
ongd E— e d
cror 3 ssc
cGLA S ¢
I — b
gane! 10°
Whs &3 — c
\ROA [————— b
\R3118° IS c
92 1 — b
TR B2
Jay@ 1 ab
4630 ——
L LSD: 1.0
0 20 22 24 26 28

Duration from Flowering to Maturity [days]

Figure7ac: Genotypespecificduration [days]for developmentstageqFigure7a: sowingto panicleinitiation
(PI),Figure7b: Plto flowering, Fig.7c: floweringto maturity) in 2 irrigation treatments(CP&nd SSC)Means
sharingthe sameletter are not significantlydifferent, p ®.05;* indicatestreatment specificdifferencesfor a
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Timerequirements(in days)for reachinga certain developmentstagevariedstronglybe r
tween the different varieties. Different growth stages(e.g. yield formation) strongly
dependon the phenologicalstage,becauseof this, phenologicaldevelopmentwas conr
vertedto atime mdependent,genotypespecificscale. MeanPlin the SSGQvason average
0.740n a scalebetween0 and 1 and, thus, significantlyhigherthan in the CPSwith anavr
erage of 0.70 (LSD=0.02|Table 7). Jayaand Chomrongshowed the highest value of

standardised”l,Sahell08the lowest. Thehigherthe valueof the standardisedPlIthe later

the varietyreachedPlor the lesstime wasbetweenPlandflowering.

Table7: Meansof standardised®I,
Meanssharingthe sameletter are not
significantlydifferent; p 6.05;LSD=0.03

Variety Mean
Jaya 0.83%
Chomrong 0.79°
IR4630 0.76°
WAS6322 0.73¢
CGl4 0.71¢
IR31785 0.70%
WASI161 0.68°
IR64 0.67
Sahell08 0.65'
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5.3 Developmentof abovegrounddry matter andtiller number

5.3.1Treatmentspecificcomparison

In total four samplingswvere conductedfor all varietiesin the two irrigation treatments  r

21 DAS41DASE2 DASand 84 DASespectively.

Abovegrounddry matter [g m?] and tiller number were recorded.On averageirrigation

treatmentsdid not significantlyaffect biomassaccumulation(Figure8).

Tiller number acrossall varietieswas significantlyincreasedin the CP21 DAS whereas
with time tiller numberincreasedin SSGesultingin significantlymore tillers at the last

two samplingdates(Figure9).
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Figure8: Developmenbf abovegrounddry matter [g m 2] averagecdacrossall varietiesat eachsamplingdate
for the irrigation treatmentsConventionaPaddySystem(CPSand SaturatedSoilConditiongSSCerror
bars=SHor treatmentsper samplingdate acrossggenotypesmeanssharingthe sameletter are not signifir
cantlydifferent for the specificsamplingdate; p ®.05
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Figure9: Number of tillers [m?] averagedacrossall varietiesat each samplingdate in the two irrigation
treatments CPSand SSCerror bars=SHor treatments per samplingdate acrossgenotypes;meanssharing
the sameletter are not significantlydifferent at the specificsamplingdate; p ®.5; verticalbrokenlinesindir
cateaveragedevelopmentstagesTill=onsetof tillering; Pl=paniclanitiation; Flow=flowering
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5.3.2Comparisorof genotypes

Theeffect of the irrigation treatmentson the biomassproduction of individualgenotypes
wastested in an ANOVA Genotypespecificresponsedo the irrigation treatments were
not significantlydifferent for samplingsdone later than 21 DAS(Table8). WAS6322 had
the highestabovegroundbiomassaccumulation21 DASwith 15.6 g m% whereasCG14
accumulatedthe leastdry matter with 3.8 g m°®. At all the other samplingdatescultivars

did statisticallynot differ in regardto biomassaccumulation.

Table8: Drymatter (DM)[g m?] for eachsamplingdate; samplingwasdoneeach
21days,meanssharingthe sameletter are not significantlydifferent; p ®.05;

* wasnot includedin statisticalobservations

dates;+harvestedalready

Biomasgg m?]

Variety

21DAS  4DAS  6DAS  84DAS
CGl14 3.8¢ 178.7*  850.6%  1529.5°
Chomrong 12.6  183.3*  707.8°  +
IR31785 9.9° 209.5%°  712.0°  1275.4°
IR4630 11.3° 169.3*  641.0°  1308.2°
IR64 9.00° 227.3*  6751%  1373.8°
Jaya 12.8°  2035°  588.8°  1359.6%
Sahell08 14.2° 199.0°  860.6*  1258.0°
SahebR02 * * 541.7°  1091.2°
WAS161 14.5% 194.3°  713.9*  1394.9°
WAS6322 15.6" 184.9°  680.2°  1326.3°
LSD 5.2 87.5 207.9 294.6
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Tiller number of the varietiesdiffered significantlyin the croppingseasonexceptat the
secondsamplingdate (42 DAS)Table9). At the first samplingdate Jayahad the highest
tiller number with 187 tillers m?, whereasfor CG14 the lowest tiller number was obr
served(110tillers m¥2). At the third samplingdate CG14 had the highesttiller number
with 670tillers m2 and Chomrongthe lowestwith 444 tillers m®. At the fourth sampling
date IR64 hadthe highesttiller numberwith 521 tillers m2 and CG14 the lowestwith 408
tillers m2. Thefourth samplingwas conductedafter flowering stage,so that only repror
ductive tillers were counted explainingthe apparentlossof tillers from the third to the
fourth sampling.Especiallythe varietiesCG14, Sahel108 and Jayashoweda strongde r
creasefrom 62 to 84 DAS.CG14 had 262 tillers m2 less(meaning11 tillers lessper hill),
Sahell08156 (6 tillers lessper hill) and Jayal55 (6 tillers lessper hill).

Table9: Tillernumberfor eachsamplingdate [Tillersm ],
samplingwasdone each21 days,meanssharingthe sameletter are not
significantlydifferent, p .05;* wasnot includedin statisticalobservations;
+harvestedalready

Numberof tillers[m?]

Variety

21DAS  4DAS  6DAS  84DAS
CGl4 110¢ 510° 670° 408°
Chomrong 122 3562 444° +
IR31785 130 513° 585 5212
IR4630 162 4747 538 485%
IR64 168% 663° 590" 5212
Jaya 1872 5462 576 420"
Sahell08 171 615° 620" 4652
SaheR02 * * 477% 426"
WASL161 146%° 6572 585" 496°
WAS6322 171% 5932 585" 5222
LSD 42.9 ns 70.8 69.4
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At 21 DASIR64, Jayaand Sahell08 had significantlymore tillers m ¢ in the CPShanin the
SSCafter 62 DASIR46 and Jayahad more tillers in the SSQreatment, and 84 DASCG14,
IR 46, Jayaand Sahel108 had more tillers m? in the SSQStudentsT test, p ®.05). That
meansthat in the prolonged vegetative stage (Figure7a) to Pl the varieties produced
moretillers. Atable whichshowsthe specifictiller numbersfor the irrigation treatmentsis

shownin Appendix3.

Thefollowing resultswill be presentedfor only three varietiesrepresentingtypical genor
types for the groupsof shortduration (Chomrong)mediumduration (IR 64) and longr
duration (IR4630)varieties.

Biomassaccumulationin both treatmentswasplotted againstphenologicaktageto comr
parethe effectsof irrigation treatments (Figure10). SS(romoted biomassaccumulation
in IR4630,but did not affect biomassaccumulatiorfor the two other varieties.For Chomr

rongthe lowestabovegrounddry matter wasobservedn this comparison.

At flowering stagethe abovegrounddry matter of the three varietiesdid not differ in the
two irrigation systems Abovegrounddry matter wasonly slightly higherin the SSCIR 64
showeda lower biomassaccumulationat Plin the SSChut reachingflowering biomass
production showed a stronger developmentin the SSCand at the flowering stagethe
biomassaccumulationdid not differ between the two irrigation systems.Development,
however,was sloweddown in the shortrand mediumduration varietiesin the SSQuntil
flowering, whereasthe effect wasnot seenin the long duration variety (Figurel0, Develr

opmentstage:Pl).
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Figure10: Abovegroundiry matter (DM)[g hill %] of Chomrong(circle),|IR4623022 20 (diamond)and IR64
(square)plotted for developmentstagebasedon standardisedscale(unfilled symbols=Convention&addy
System(CPS)illed symbols=Saturate8oilConditiong(SSC)achphenologicaktageis representedwith

the particularsymbol,PI=Paniclénitiation

Biomassaccumulationwas plotted againstcrop duration for observinggrowth rate and

biomassdevelopment.Thefitted curvesare shownin the Figuresllaf. Whenthe shortr

duration variety Chomrongeachedflowering stage the longduration variety IR4630just

started PIl. Shortand mediumduration varietieshad their peakin growth rate approx.at

flowering stage ,whereasfor longduration varietiesthe peakwasobservedat Pland dur r

ing flowering stagethe growth rate wasalreadydecreasingForall varietiesgrowth rate in

SSQGwvashigherthan in the CPSespeciallyat or right after Pl. The highestgrowth rate in

the selectedcultivarswas approx.0.1/1.5 g DM hill* day®in the CPS/SS@r Chomrong
(Figurella,b),1.2/1.4g DM hill* day® for IR64 (Figurellc,d)and1.1/1.4g DM hill * day®
for IR4630(Figurelle,f).ForChomrongand IR64 a smalldepressiorbetween20 40 DAS

couldbe observed.Thelongerthe crop durationthe more negativewasthe growth rate in

the end.
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5.4Yieldcomponents
In some plots bird damagecould not be prevented,resultingin yield loss. Thisdamage
amountedto 75%in Chomrongand CG14 in all replicationsandto 25%in one replication

of IR31785,IR64 andthree replicationsof Sahell08.

Yieldwas not affected by the two irrigation treatments (Table10). The averageyield of

the varietieswas0.52kg m® (CPS0.51kg m? SS@.53kg m ?). Sahel202 achievedwith

an averageof 0.73kg m? the highestyield and Chomrongwith approx.0.14 kg m¥ the

lowest, partly dueto bird damage By plotting yield for eachvarietyandtreatmentthe der
clinein yield of IR4630in the SSQvasobvious(Figure4).

Tablel0: Yield[kg m®?], Harvestindexand Sterility [%] for all varieties varietiesare listed
accordingo highestyield; meanswith the sameletter are not statisticallydifferent, p ®.05

Variety Yield[kgm?] mzzf[ﬁ/to] Sterility [%]
Average CPS SSC
SaheR02 0.73° 0.71 0.75 0.48"° 37.1%
WAS161  0.70° 0.63 0.77 0.49"° 25.6°
IR64 0.66° 0.59 0.73 0.44° 36.2"
Sahel08  0.66° 0.61 0.71 0.53° 37.5"
Jaya 0.64 0.62 0.66 0.54° 38.4"
WAS6322 0.63 0.60 0.66 0.58 37.4"
IR31785  0.6C° 0.58 0.62 0.52° 46.6°
IR4630 0.28 0.44 0.16 0.33° 44.3°
CGl4 0.15™ 0.16 0.14 0.3f 68.2°
Chomrong 0.14 0.17 0.10 0.37% 45.7°
LSD 0.14 0.06 8.21

ExcludingChomrongand CG14 averageyield increasedto 0.63kg m? in the SSGind to
0.60kgm®in the CPSCultivarswhich had higheryieldsin the SSQvere for exampleSahel
108(CPS0.61kgm? SSCO.71kgm %), WAS161 (CPS0.63kgm?, SSCO.76kgm?), and
IR64 (CPS0.59kg m®?, SSCO.73kgm?). Chomrongand IR4630achievedhigheryieldsin
the CPSChomrongachieved0.18 kg m? in the CPSand 0.10kg m? in SSGand IR 4630
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0.44kgm®?in the CPSand 0.17 kg m? in SSCAccordingto StudentsT test (p G0.05) IR

4630hadsignificantlydifferent yieldsin the two differentirrigation systems.

Fieldyield is the sumof severalyield componentssuchaspaniclenumber*m® numberof
grainsin a panicle,number of unfilled grainsin a panicle(sterility) and 1000grain weight
(TGW)as an indicator for grainfilling. In the following only sterility will be exemplarily

shown.

Sterilitywascalculatedby the following equation:

Equation5: Sterility [%]

Number of empty grains

Sterility [%] = 100

Number of total grains

Therewas no statisticaldifferencein overall sterility between the irrigation treatments;
with anaveragesterility of 41%in both treatments.CG14 showedsignificantlythe highest
sterility with 62%,followed by IR31785(47%),Chomrong(46%),and IR4630(44%).The
lowest sterility wasfound for WAS161with about 26%(Tablel0).

Eventhoughthe two irrigationtreatmentshad no effect on sterility averagedacrossgenor
typesthere havebeendifferencesfor particularvarieties.IR46 and Chomrongshoweda
higher sterility in SSGhan in CPSIR 46’s sterility for examplewas 32%in the CPSomr
pared to 56%in the SSCwhich was accordingto StudentsT test (p ®G.05) significant.
Other cultivarssuchasIR31785,Sahel202 and WAS161 had a lower sterility in SSCe.g.
Sahel202 had 42%of sterility in the CPSomparedto 32%in SSCForWAS161and Sahel
202the increaseof sterility in the CPSvassignificant(StudentsT test, p ®.05).

TheHarvestindex(HIl)wascalculatedby the following equation:

Equation6: Harvestindex

Weight of grains (14 %)[g]
Aboveground dry mass [g]

Harvest Index =

Thetwo irrigation treatmentsdid not significantlyaffect HI, the averagemeanin the CPS

was0.48,andin the SSM.44,respectively ThesignificantlyhighestHlwasfound for WAS
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6322 with about 0.58. Thelowest indexeswere measuredfor IR4630,CG14 and Chomr
rong(Tablel0).

Asalreadyfor yield and sterility there were alsofor HI genotypicdifferencesin relation to
the different irrigation treatments.IR46, ChomrongJR64, Sahell08and WAS6322hada
lower Hlin SS@omparedto the CPSe.g.HIl of Chomrongwasabout 0.48in the CPSnd
0.27in SSCrespectively which was significantaccordingto the StudentsT test (p G.05).
IR31785hada higherHlin SSG0.57)comparedto the CP0.46).WAS161and Sahelk02
hadaboutthe sameHIin the two irrigationtreatments(Sahel02:0.48, WAS161:0.49).
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6 Discussion

Agriculturewill be confronted with water scarcityin future due to lessand irregularprer
cipitation becauseof changingclimate on the one site and the decreasingavailability of
water through pollution and resourcedepletion on the other site. Thereforeit is imporr
tant to implement water savingproduction methods and techniquesin agriculture in
general,andin rice productionin particular. Forthis reasonthe RISOCAf&ojectwasim r
plemented.Thisproject aimsfor testingthe water savingmethod SSGinder SubSaharan
conditionsand finding cultivarswhich are most suitable for these conditions. Therefore,
cultivarsfrom a broad geneticbackgroundwere selectedto be cultivatedin a two years
experiment.Cultivarswere plantedin bi monthly staggereddatesto study the genotypic
responseto reducedwater availabilityrelative to climatic parameters.Datausedfor this
thesiscoveronly one rainy season;so the data’svalidity is limited and the focuswill be
only on particularcultivars.Forwater useit wasnot possibleto do statisticalanalysedor
genotypicdifferencesbecauseonly ten plots per treatment were setup with a V notch

weir, eachplot representedone variety.

The major target of this thesiswasto pre selectpromisinggenotypiccharacteristicand
cultivarsfor the SSChence, cultivarsthat can managea reducedwater input and still

achievereasonableyields.

6.1 Water Use

In the SS@4%lesswater wasusedascomparedto the CPSwithout a penaltyto yield. In
the CPSn average820 mm, in the SS&26 mm water (precipitationand irrigation) were
appliedto the plots. Water consumptionfor arice croppingperiod canvary between400r
3200mm (Yoshidal981;Boumanet al. 2001).Thesoil propertiesare major determinants
for water fluctuation by percolationand seepagea high clay fraction can be associated
with a goodwater holding capacity.Thesoil of the experimentalsite wasa vertisolwith a
claycontent of 47%.Water input wasrather low asrice plantswere probablyableto satr

isfy their water requirementsfrom the groundwater(shallowwater table at 50 cm).
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Tabbalet al. (2002) observedthat irrigation requirementswere reduceddue to shallow
water tables,potentially savingwater. Thegoodwater holdingcapacityof the soilandthe
shallowwater table probablyleadto a low percolationrate in this experiment.Borrell et
al. (1997)statedthat differencesin irrigation treatmentsresultfrom variationsin evaporar
tion, seepageand percolationlosseswhereaspercolationrates increasewith increasing
depth of pondedwater. Forthe SSQreatment it canbe assumedhat lesspercolationocr
curredbecauseof alower hydraulicheaddue to the inexistentnon pondedwater (Borrell
et al. 1997).In systemswith non pondedwater layerssoil crackingis likely to occurder
pending on soil properties (Lu et al. 2000). Thus, a high clay fraction in soil leadsto
swelling and shrinking and, therefore, crackingoccurs. Hence,to conservewater soll
crackingshould be avoided. In the SSGreatment just small crackson the soil surface
could be observed,which were not deep, so that water lossbecauseof these crackswas

negligible.

Genotypicdifferencesin water consumptionfor the two irrigation treatments were ob r
served.In the CPSNAS6322,IR31785,Sahell08 consumedapprox.700 mm within the
croppingperiod, this was lessthan the other varieties,which consumed H00 mm. One
reasoncouldbe that WAS6322,IR31785and Sahell08 are shortto mediumdurationvar
rieties, sothat the water savingscould be explainedby their shorter croppingperiod. But
sincethe calculatedwater use[mm day"] showeda lower water input for thesevarieties,
genotypicvariancecouldbe alsoa reason.Suchcontrastingwater inputsamongthe varier
tieswere not observedn the SSCAsalreadyexplaineda reasonfor this maybe lesswater
input in generaland due to the inexistentpondedwater layer lesspercolationand seepr

ageoccurredin the SSC.

A 35%increasedwater productivity for grain yield was achievedin the SSGwith 0.85¢
grainmm® day" comparedto 0.63in the CPSwithout a yield loss.Similarresultswere ob r
tained by Bouman et al. (2005), who showed that water input for SSQreatments
decreasedn averagearound 23%with a non significantyield reduction of 6%.AlsoTabr
bal et al. (2002) found in SSQreatments a yield reduction of 5% with water input
reductionsof 35%,leadingto 45%increaseof water productivity. Boumanet al. (2005)

stated that a high productivity resultseither from a highyield, or lesswater use or loss.
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Becauseof a low water usein this experimentthe water productivity wasrather highparr
ticularlyin the SSCBoumanet al. (2005)conducteda closedpot experimentwhere water
inputsvariedbetween300750mm. Asno seepageand percolation,thus hardlyanywater

lossesoccurred,highwater productivitywasachieved.

Summarizedyarietiessuchas WAS161, Jaya,IR 64 and Sahel202 showedwater saving
characteristicsn the SSCwhereasSahell08,IR31785and CG14 did not. Thehighestpo r
tential in savingwater had WAS161 and Sahel202, Sahel202 was characterizedoy the
lowest daily water use at all. AdditionallyWAS161, Sahel202 and Jayahad good water

productivity characteristics.

Dueto the absentponded water layer in the SSGhe weed population increasedcomr
paredto CPSdatanot quantified).Borrellet al. (1997)describeda negativecorrelationof
water input andweedpopulation more weedswere found in the SSGhan in the CPSor
a wet seasoncrop, similar results observedDe Datta (1981). For future experimentsit
would be advisableto determine weed dry matter in the two irrigation systems,and to

estimatethe effect of alargerweedpopulationon rice productionin SSC.

Climaticconditionsmadeit difficult to interpret the data of the two irrigation systemsBer
tween 46 and 69 DAS150 mm of precipitation occurredand during this time P1(49 DAS)
andflowering (67 DAS}ook place.It wasquite hard to maintaineffective SSCthus standr

ing water couldnot be avoidedduringthis periodin the SSQreatment.

Accordingto Boumanet al. (2007)the practicalimplementationof a SSds difficult. Alr
though conceptuallysound,it is quite demandingto establishSSGsit requiresfrequent

(eventuallydaily)applicationsof water to keepthe soil saturated.

6.2 Cropduration and phenologicalstages

Total crop duration was not significantlyaffected by the irrigation treatments, whereas
the duration of individualphenologicaktageswvas.Cropduration of the different varieties
and treatments varied between 76 410 DAS.There were genotypespecificdifferences.
Chomronghad the shortestcrop duration (76 days),and IR 4630the longest(110 days)

(Tablel). Cropduration strongly dependson the duration of the vegetativephaseuntil
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flowering. Dingkuhnet al. (1995) stated that flowering occurswhen a genotypespecific
number of heatunits (Tsum) are accumulated explainingthe genotypicdifferencesin the
experiment. The vegetativephaseis subdividedin a basicvegetativephase(BVP)a phor

toperiod sensitivephaseand a post photoperiodsensitivephase(Roberts1987).

In generalcrop duration wasrather short. Possiblereasonsmay havebeendirect seeding
and favourableweather conditionsduring the rainy season.The aim of the experiment
wasto evaluategenotypicresponseto SSGnd not to implementdroughtstress.SSGre

proneto droughtstress,whichin turn is knownto increasecrop duration (Boumanet al.

2005).In this experimentcrop duration wasnot affectedby the SSCWARDAclassifiesrar
rietieswith regardto crop duration asshort duration (<120days),mediumduration ( H20
days)and longduration (>140days)varietiesin transplantedrice (Dingkuhnet al. 1995).
Sincein this experimentthe variety with the longestcrop duration (IR 4630, 110 days)
would havebeenclassifiedasa short duration variety, a different classificatiorsystemfor

crop duration was adopted (Table6). In generalcrop duration for the cultivarsiR 64, IR
4630,IR31785,Sahel202,Jayaand CG14 wasin the rangeof crop duration alreadymenr
tionedin literature for WestAfrica(Dingkuhnret al. 1995;Craufurdet al. 2003).

In contrastto this, the comparisormadebetweenthe actualgrowth durationandthe one
predictedwith the RiceDevelopmeniRIDEVinodel showeda different result. Themodel
wasdevelopedand validatedfor Sahelregionsby Dingkuhnet al. (1995). Themodel estir
mates crop growth and cantherefore be usedto estimate optimal sowingdate, optimal
timing of fertilisation, and timing of harvest.Cropduration in this experimentwasin genr
eral shorter comparedto data calculatedwith RIDEVAccordingto RIDE(usingweather
datafrom 2008)Jayawould havereachedmaturity at 119 DAS comparedto 102 DASob r
servedin this experiment.Thesameis validfor IR64 (RIDEM00DAS/experimen92 DAS),
IR31785(RIDEM 14 DAS/experimenbn average38) and IR4630(RIDEW 28/experiment
110), indicatingthat some basicassumptionsin RIDEVmay have been rendered invalid

with the immanentclimatechanges.

In terms of phenologicaktagesthe varietiesneededin the SSQ! dayslongerto reachPl,

whereasthe stagefrom Plto flowering was 3 daysshorter. On averageflowering stage
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was reached67 DAS Similardata were presentedby Dingkuhnet al. (1995).In their exr
perimentsit took 40 60 daysto reachanthesis,and alsoin experimentsof Borrell et al.
(1997)anthesisoccurred70 DAS.Theduration from anthesisto maturity was 24 daysin

this experimentwhichis similarto 28 daysobservedby Dingkuhnet al. (1995).

In the SSQice plantswere exposedo lesswater input and non pondedwater conditions.
Water deficit can delay all developmentstages(Heenanet al. 1984; Lilley et al. 1994;
Boonjunget al. 1996).Borrell et al. (1997)found that water deficit treatmentslike SS@r
Il systemsincreasedthe duration from sowingto Plup to 5 days,whereasit neededless
time to reachthe reproductiveperiod starting with anthesis(up to 5 days)in the water
deficit treatments,whichis similarto the resultsof this experimentwith 4 dayslongerunr
til Pland 3 dayslessuntil floweringin the SS@omparedto CPSIt could be possiblethat
drought affectedthe developmentstageuntil PIfor short rand mediumdurationvarieties;
this would be an explanationfor the longervegetativephaseuntil Plin the SSCButdueto
rainfall after 46 DASthe resultingpondedwater layerandthe shallowwater table in genr
eral, drought stressmay not be the main factor explainingthe different periodsin the
developmentstages.Other reasonsfor the longer phaseuntil Pl could be temperature

stress problemsin nutrient availability(NH,) or soilcompaction.

Temperaturesabovethe optimal range (23 26°C)can delay plant developmentand alter
the cycleof the phenologicalstages.Micro climatic conditionswithin and below the canr
opy must havediffered between CPSnd SSGis meanwater temperaturesare in general
below air temperatureunder a closedcanopy(Dingkuhret al. 1995).On sunnydaysDingr
kuhn et al. (1995)observedmaximumwater temperature 14°Clower than the maximum
air temperature.Soit couldbe possible that temperaturestresswashigherin the SSGnd
influenced phenologicaldevelopment,which would be another explanationfor the der
layedphaseuntil Pl.Dueto the rainfall after Pland the temporarily existingpondedwater
layerit is possiblethat the favourablegrowingconditionsacceleratedplant development

explainingthe shorterphasefrom Plto anthesis.

A pondedwater layerservesastemperaturebuffer, i.e. temperatureextremesof day and

nightsare compensatedA bare soil heatsup fast, but alsocoolsdown at night. Somost
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likelyrice plantsin the SSQvere muchmore exposedto thesetemperatureextremesdur r

ing the croppingperiod.

In regardto the relatively high and different valuesof standardisedPl, the explanation
may be genotypicvariation. A possiblereasonfor the highervaluescouldbe a short time

spanbetweenPlandflowering. Forinstance Jayaand IR4630(representingongduration

varieties)had a long period until PI; they both reachedPI63 DAS As Jayahad a shorter
period until anthesisthe standardisedPlvaluefor Jaya(0.83)is much highercomparedto

IR4630 (0.75)which reachedanthesis84 DAS.Chomrong,as a short duration type, also
had a higherstandardisedPlvaluedueto a short period betweenPI(43 DAS)ynd anthesis
(55DAS)Sahell08hada Plvalueof 0.65,Plwasreachedon average45 DASand anthesis
about 68 DASIt canbe concludedthat a relative late Plor a short period betweenPland

floweringresultedin higherstandardised?lvaluesand canbe explainedby genotypesper
cific variation. Lilley et al. (1994) observed38 daysfrom Plto flowering which is longer
comparedto the varietiesin this experiment,which had a short period between Pl and

flowering. Thevarietywith the longestduration for the period from Plto anthesiswasSar
hel 108with 25 DASNn the CP&nd21 DASN the SSC.

Asthe experimentwas conductedduring the rainy seasonthe mainrice croppingperiod
in Senegalclimatic constraintsto crop development,suchaslow temperaturesand unr

suitablephotoperiodconditionsdid not occur.

6.3 Developmentof abovegrounddry matter andtiller number

Therewas no statistical differencein abovegrounddry matter accumulation[g m?] ber
tween the two irrigation treatments at any samplingdate, hence,the SSQreatment did
not negativelyaffect the accumulationof biomass.The non significantlower biomassacr
cumulationin the SSGit the start of the experimentmay be explainedby stresscausedby
removingthe shallow water layer after the first three weeksof cultivation, in addition
causingsoil compactionwhich may then have affected the developmentof young roots
and plants. For Il systemsHeenanet al. (1984)found a significantlydecreasedbiomass

productionandlesstiller comparedto permanentflooded conditionsat PI.
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Statisticaldifferencesbetween genotypesfor abovegrounddry matter only occurredon
the first sampling(21 DAS) A reasontherefore may be the genotypespecificstart of der
velopment.A high vegetativevigor,i.e. quickaccumulationof biomassby achievinga high
specificleaf areaor manytillers, assuresa good competitivenessagainstweeds(Dingkuhn
et al. 1999). Thereforegenotypescharacterizedby high growth vigor in the vegetative
stageor a non erected canopyproperties could have advantagesn SSCWAS161, Jaya,

Sahell08,WAS6322hada fastbiomassaccumulatiorat the first sampling21 DAS.

In terms of tiller number m? statisticaldifferenceswere observedacrossgenotypesbe r
tween the two irrigation treatments exceptfor the secondsamplingdate. 21 DASthere
were moretillers in the CPSAt the third samplingdate (62 DAS)more tiller were counted
in the SSCwhich couldbe explainedby the delayedPlin SSCPlantswere ableto develop
moretillersin the SSCespeciallythe long duration varieties.Precipitationeventsbetween
40 60 DASshouldbe considered asmore water wasavailablein the SSQlue to a shallow

water layer,whichcouldhaveaccelerateccrop development.

The strong decreaseof tillers from the third (62 DAS)to the last samplingdate (84 DAS)

maybe dueto the fact that non productivetillers were aborted.

Statisticaldifferencesin tiller numbersbetweenthe varietiescanbe related to genotypic
characteristicsAsalreadymentionedabovea hightiller numbercanbe positivefor a bet r
ter competitivenessandincreaseyield. But this is only the casewhentillers developinto

productiveoneswhichisthen a beneficialgenotypictrait for SSC.

With regardto water productivity for biomassaccumulationpn averagethe sameamount
or evenmore abovegroundiomasswasaccumulatedn the SSCBecausef the fact that
none of the varietiesshoweda decreasingbiomassaccumulationin SSCthe CPScomr
prised a systematicwater penalty. Water was lost either by transpiration, which was
thereby not significantlyproductive,asthere were no higheryields,tiller numbersor bior
massaccumulationin the CPSor due to water lossessuchasevaporationfrom the water
surface,percolationinto deeper soil horizons,seepageand overbundflow in the field.
Borrellet al. (1997)reported higherwater lossesunder flooded field conditionsand sugr

gestedthat evaporation,percolationand seepagdosseswere higherwith pondedwater.
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Theexperimentalsite wascharacterizedy a relative shallowwater table anda soil with a
shareof 47%of clay, indicatinga high water holding capacity,thus the main water loss

couldbe dueto seepageandoverbundflow into the areanextto the field.

Thefact that the Crop Growth Rate (CGRWwas not negativelyinfluencedin the SSGoro r
found the aboveconclusionsincenone of the varietiesshoweda lower CGRn the SSC.
Only differenceswith regardto genotype specificcrop duration were found. SSCpro r
moted CGRfor Chomrongand IR 4630, but this did not have an influence on yield for

thesevarieties.

Summarizedit canbe saidthat developmentin the SSGQvasnot lessthan in the CPSEsr

peciallyafter the flowering stagethe developmentwasthe sameor evenbetter.

6.4 Yield,Harvestindexand Sterility

Therewasstatisticallyno differencein yield (on average0.52kgm ) in the two irrigationr
systemssoit canbe statedthat the SS(roducedthe sameyield with lesswater. Butin
considerationof a shallowwater table, it is difficult to state whether SSGvere not detri r
mental to the crop or if there would be other results with a deeper water table.
Neverthelessunder thesefield conditionswater could be savedthrough implementation
of SSC.

Borrellet al. (1997)reported no yield differencebetween SSGnd traditional floodedrice
production and achieved0.45 kg m? within a wet seasoncrop. Similarresultswere ob r
tained by Boumanet al. (2005). For an Il experiment Heenanet al. (1984) showed a
reduction in grain yield comparedto flooded conditions,which was related to reduced

spikeletsper panicle,percentageof filled spikeletsandindividualgrainweight.

The paniclesof the short duration varietiesChomrongand CG14 were stronglydamaged
by birds during the whole ripening stage,explainingthe lower yield and the high sterility.
Lodgingoccurredfor CG14 and Chomrongowardsthe end of the croppingperiod, which

couldbe anotherreasonfor the lower yield.

Thestrongyield decreaseof IR4630from 0.44kgm 2in the CPS0 0.16kgm®in the SSGs

striking, becauseit standsin contrastto the overallyield resultsamongthe cultivars.A
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possiblereasoncouldbe that IR4630could not managethe reducedamountof waterapr
pliedin the SSQreatment. An explanationfor the high sterility and therefore low yield of
IR 4630 could be high temperature around anthesis.Duringthe reproductive stage high
temperaturesare more detrimental to rice than during the vegetative stage (Yoshida
1981).Floweringaspart of the reproductivestageis most sensitiveto hightemperatures.
Dingkuhn(1995)reported that, especiallyfor IR 4630, a critical daytime temperature of
37°Cresultsin 50%spikeletsterility and is detrimental especiallybetween headingand
milky stage.Daily mean temperatureswere used instead of maximumtemperaturesas
anthesisand pollination happenin the morning. In this experimentIR 4630 reachedanr
thesisaround 84 DAS Maximumtemperaturesduring this time were HB5°C,daily mean
temperaturewas 31°C But asthere washigherstress(e.g.highertemperatures,lesswar
ter) in the SSCheat induced sterility may be one factor explainingthe higher sterility.
Similarresultsregardingheat stressand, therefore, a higher sterility havebeenshownby
Wassmanret al. (2009).Chomromg CG14 and IR31785alsohad a high sterility. Forthe
increasedsterility of CG14 asan Oryzaglaberrimano explanationwasfound, thesespecie
isknownto haveanthesisearlyin the morningto escapeheatstress,hence,to counteract
possiblesterility (Yoshidal981).

The HI achievedin this experimentwas on average0.48in the CPSand 0.44 in the SSC.
Thiswas similarto resultsshownby Borrellet al. (1997).Theyfound a Hl of 0.49in conr
ventionalflooded systemsand a Hl of 0.48in SSCTheHI indicatesthe remobilisationof
carbohydratesut of plant materialinto the grain.Sothis would be alsoanimportant trait
for selectingpromisingcultivars. WAS6322 (0.58) had the highestHI followed by Sahel
108(0.53)and Jaya0.54).
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6.5 Promisinggenotypes
With the observationanadein this experimentthe cultivarscould be classifiednto genor

typeswith traits beneficialor not for SSC.
Thefollowingtraits couldbe beneficialfor SSC:

X Anearly, high specificleaf area,an early vigorin general,assuringa high competir
tivenessagainstweeds

X Lowwater use,highwater productivity, high drought resistanceand low transpir
ration rate

x HighHl,asindicatorfor a strongremobilisation,andahighyieldin general

For SSAt is beneficialto crop a longduration variety in the rainy seasonwhen enough
water is available whereasin the dry seasona short duration type could be more advanr
tageous.A prolongedcroppingperiod increaseshe capabilityto recoverfrom earlyweed
pressure.In this experimentthe mediumror longduration varieties performed better

than the short duration varietiesstrengtheningthe conclusiongust made.

By comparingthe croppedvarietiesin regardto the traits listed above WAS161, IR 64,
Jayaand SaheR02seemedto be promising(Appendix11).

Theyall had very good water savingcharacteristicssavingat least30%of water. Still they
achievedgoodyieldsand hadlow sterility. All thesevarietiesare mediumor longcropdur
rationstypes.Themost suitableand promisingvarietiesare SaheR02andWAS161.Sahel
202,along duration type, achievedthe highestyield (0.73kg m %) by saving41%of water
[mm day?], and a low sterility. WAS161, a medium duration type, achievedalsoa high
yield (on average0.70kg m9), yield was evenhigherin the SSGind sterility lower. IR64
yieldedon average0.66 kg m?, and Jaya0.64 kg m®. In the SSAR 64 achieveda higher

yieldandJayaa highertiller number.

Sahell08,IR31785and WAS6322 did perform well. Theyall achievedreasonableyields
but their water savingpotential was rather low. For example 15% water savingswere

measuredor WAS6322,whichachievedalsothe highestHI(0.58).
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The genotypelR 4630, a long duration type, saved17%of water, but yield wasvery low
especiallyin the SSCdueto the highsterility of 56%.

Statementsabout Chomrongand CG14 astraditional cultivarswith short crop durations
were not possiblebecauseof the damagecausedby birds which affectedyield and steril r

ity strongly.
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7 Conclusion& Outlook

At the WARDASahelStationthe implementationof SSQGluring rainy seasorwassuccess
ful asit waspossibleto achievethe sameyield with 24%lesswater input. Thereforethis

systemcouldbe appliedin similarenvironments.

Neither the accumulationof biomassnor tiller number was negativelyaffected in SSC.
Phenologicatievelopmentin the SSGliffered to the CPShowever,without anydetrimenr

tal effecton the yield.

Promisinggenotypeswere found in WAS161, Sahel202 and Jaya.Theyall performedvery
well in SSGlue to traits suchashighwater productivity, early vigorand strongremobilisar

tion force assuringhighyields.

Sitespecificconditionswere favourablefor applyingwater savingmethodssuchas SSC.
Thiswasdueto the shallowwater table andthe high claycontentwhichassuredyoodwa r

ter holdingcapacities.
Someissueddo requirefurther clarificationto confirmthe resultsof this study:

X More detailed studies concerningevaporation,transpiration and seepagelosses
are requiredfor a better evaluationof the different water lossesand to focuson
further possibilitieso savewater.

X More studiesfor both seasongrainy and dry) have to be conductedto further
studythe possibleinfluenceof heat (rainy season)and cold stress(dry season)on
rice.

X More detailedstudiesin terms of certainpromisingcultivarsasWAS161and Sahel
202 are necessaryto validate promisingtraits identified in this study for the dry
seasonn SSC

x Promisingraits for SSGuchasan early, high specificleaf area(weedcompetitiver
ness),an earlyvigor, low transpirationrate and high droughtresistanceshouldbe
studied.

x Additionallyit shouldbe testedif farmerswould acceptand could applythis water
savingsystem,asthesetechniquesrequire accuratewater deliveryand exacttim r

ing.
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x Studythe long term and large scaleeffects of water savingirrigation in regardto
salinisationby capillaryrise and the groundwatertable, which could decreasedue
to lesspercolation.

It is necessaryto estimatethe riskswhich canoccurby applyingwater savingproduction
systems,e.g.: decreasein biomassand yield, higher weed density, and an increasein
spikeletsterility. All these factors reduce the returns of rice production, eventuallydisr
couragingfarmersfrom adoptingsuchirrigation systems Becauseof a steadilyrisingfuel
price and water scarcitya minimizationof water input into agriculturalproductionisrer

quiredto savewater andreduceenergycostsfor pumping.

Changindgrom floodedto non floodedrice productionrequiresbreedingof adaptedvarier
ties and the developmentof appropriatewater and crop managementpractices.Thereis
astrongneedto developsite specificproductiontechnologiessothat in eachrice producr
tion zone acrossthe continent the optimal and environmentallysound way of cropping
rice canbe establishedFarooget al. 2009).Especiallypy takinginto accountthe dynamics

andrisksof climaticchangesa holisticapproachis needed.
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Appendix

Appendix

Appendix1: Draft of a V notch weir usedin the experimentto measureamountof irrigar
tion water

SourceSolenneGuillaume
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Appendix

Appendix2: Unit Conversionn V notchformula

TheoriginalKingand Braterformulais:

P 1

¢ = 2Z5tan(d/2) H-

Where:

Q= Theoreticadischarggft® sec?)
& = Angleof V rmotch (degrees)

H=Headon apexof notch (ft)
2.5=constant(ft’>sec?)

Toobtain Qin cm3s?, H shouldbe measuredin cm andthe constantconvertedinto cm’>

st

Cm[!'.E B ffl}'E Cm[!'.E ffl}'E 3045[!'5 ffl}'E

= ®
0.5 4 0.5 = 5.5
1 5

= = £1 =
5 5 Jt 5

Sothe constantis now equalto 13.8(cm™>s") andthe Kingan Braterformulais

Q =13.8tan (8/2)H*®

Where
X Q=Theoreticadischarggcm3sec")
X & =Angleof V motchweir (degrees)

x

H=Headon apexof notch (cm)
x 13.8=constant(cm’°sec")

Thedischargecalculatedin cm3s® wasconvertedinto Lmin®:
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Appendix

Appendix3: Tiller number[m ] in detail for the 2 irrigation systems(ConventionaPaddy
System(CPS)SaturatedSoilConditiongSSC))

Variety Tiller Tiller Tiller Tiller
[no] [no] [no] [no]
21DAS 41DAS 62 DAS 84DAS
CPS SSC CPS SSC CPS SSC CPS SSC
CG14 100 125 475 546 648 692 365 452
Chomrong 133 100 385 327 408 479

IR31785681 2B 8 154 106 494 531 594 577 515 527

IR463022 2 183 140 558 390 504 571 473 496
IR64 200 135 690 633 558 621 477 565
JAYA 204 169 479 612.5 508 644 381 458
Sahell 08 221 121 752 477 602 638 400 529
SaheR02 102 58 388 3G 442 513 394 458
WAS6322 179 163 615 571 571 600 510 533
WAS161B89 @2 169 123 644 671 569 602 517 475
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Appendix

Appendix4: Picturesof the field layoutandlysimeters

Picture4: Fieldlayout Picture5: Lysimeterin a plot
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Appendix

Appendix5.1: Dry matter [g hill%] for the first sampling(30.07.200821 DAS)for the 10
varietiesin the CP&nd SSCAV=averageSE=standardrror, Rep=replication

DM Leaves
total Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
[a] CPS 1 0.11 0.27 0.16 0.52 0.09 0.42 0.43 0.35 0.32 0.38
2 0.29 0.15 0.17 0.20 0.11 0.15 0.16 0.35 0.25 0.29
3 0.24 0.24 0.16 0.13 0.06 0.07 0.09 0.14 0.22 0.13
AV 0.21 0.22 0.17 0.28 0.09 0.21 0.23 0.28 0.26 0.27
SE 0.05 0.04 0.00 0.12 0.01 0.11 0.10 0.07 0.03 0.07
SSC 1 0.10 0.28 0.16 0.49 0.10 0.10 0.35 0.53 0.32 0.37
2 0.17 0.14 0.18 0.18 0.12 0.05 0.33 0.33 0.24 0.27
3 0.23 0.24 0.16 0.13 0.06 0.09 0.14 0.14 0.22 0.14
AV 0.17 0.22 0.17 0.27 0.09 0.08 0.28 0.34 0.26 0.26
SE 0.04 0.04 0.01 0.11 0.02 0.02 0.07 0.11 0.03 0.07
DM tiller [g]
Treatment Rep. IR31785 IR4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 0.11 0.29 0.21 0.45 0.06 0.41 0.29 0.51 0.46 0.37
2 0.29 0.17 0.17 0.19 0.07 0.15 0.34 0.35 0.25 0.31
3 0.27 0.23 0.19 0.10 0.05 0.08 0.12 0.09 0.23 0.21
AV 0.22 0.23 0.19 0.25 0.06 0.21 0.25 0.32 0.31 0.30
SE 0.06 0.03 0.01 0.11 0.01 0.10 0.07 0.12 0.08 0.05
SSC 1 0.11 0.28 0.23 0.27 0.06 0.07 0.29 0.50 0.50 0.38
2 0.17 0.17 0.17 0.19 0.07 0.02 0.34 0.35 0.24 0.30
3 0.28 0.23 0.20 0.15 0.05 0.06 0.13 0.10 0.23 0.25
AV 0.19 0.23 0.20 0.20 0.06 0.05 0.25 0.32 0.32 0.31
SE 0.05 0.03 0.02 0.04 0.01 0.01 0.06 0.12 0.09 0.04
DM root [g]
Treatment Rep. IR31785 IR4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 0.17 0.37 0.24 0.61 0.06 0.75 0.61 0.95 0.27 0.59
2 0.37 0.18 0.37 0.11 0.12 0.29 0.68 0.15 0.43 0.09
3 0.32 0.36 0.07 0.11 0.11 0.09 0.42 0.13 0.32 0.53
AV 0.29 0.30 0.23 0.28 0.10 0.38 0.57 0.41 0.34 0.40
SE 0.06 0.06 0.09 0.17 0.02 0.19 0.08 0.27 0.05 0.16
SSC 1 0.06 0.10 0.22 0.11 0.12 0.16 0.78 0.03 0.15 0.18
2 0.43 0.13 0.36 0.11 0.19 0.16 0.18 0.30 0.12 0.09
3 0.17 0.19 0.26 0.15 0.07 0.16 0.14 0.32 0.41 0.15
AV 0.22 0.14 0.28 0.12 0.13 0.16 0.36 0.22 0.23 0.14
SE 0.11 0.03 0.04 0.01 0.04 0.00 0.21 0.09 0.09 0.03
DM [g]
Treatment Rep. IR31785 IR4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 0.39 0.93 0.61 1.59 0.21 1.58 1.33 1.81 1.06 1.34
2 0.96 0.50 0.71 0.50 0.29 0.58 117 0.85 0.92 0.69
3 0.83 0.84 0.43 0.34 0.23 0.24 0.64 0.36 0.77 0.87
AV 0.73 0.76 0.58 0.81 0.24 0.80 1.05 1.01 0.92 0.97
SE 0.17 0.13 0.08 0.39 0.03 0.40 0.21 0.43 0.08 0.19
SSC 1 0.27 0.67 0.60 0.87 0.28 0.33 1.42 1.07 0.97 0.93
2 0.77 0.44 0.71 0.48 0.38 0.24 0.85 0.99 0.61 0.67
3 0.68 0.66 0.63 0.44 0.19 0.31 0.40 0.56 0.87 0.55
AV 0.57 0.59 0.65 0.59 0.28 0.30 0.89 0.87 0.81 0.72
SE 0.15 0.07 0.03 0.14 0.06 0.03 0.30 0.16 0.11 0.11
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Appendix

Appendix5.2: Dry matter [g hill*] for the secondsampling(20.08.200842 DAS)for the
10varietiesin the CPSnd SSCAV=averageSE=standardrror, Rep=replication

DM
Leaves
total

[a]

DM tiller
[a]

DM roots
[a]

DM
[a]

Treatment

CPS

SsC

Treatment
CPS

SSC

Treatment
CPS

SSC

Treatment
CPS

SSC

Rep.

AV
SE

Rep.

AV
SE

Rep.

AV
SE

Rep.

AV
SE

IR 31785

3.95
2.58
5.52
4.02
0.85

3.96
3.47
2.15
3.19
0.54

IR 31785
5.76
2.58
7.92
5.42
1.55

4.78
5.15
2.48
4.13
0.84

IR 31785
2.36
1.40
3.30
2.35
0.55

5.63
5.73
2.90
4.75
0.93

IR 31785
12.07
6.56
16.74
11.79
2.94

14.37
14.35
7.52
12.08
2.28

IR 4630

3.14
2.97
5.57
3.90
0.84

0.87
3.34
1.90
2.03
0.72

IR 4630
3.97
3.08
7.59
4.88
1.38

1.20
4.36
2.65
2.74
0.91

IR 4630
5.27
3.63
13.86
7.59
3.17

1.06
8.43
2.79
4.09
2.23

IR 4630
12.38
9.68
27.03
16.36
5.39

3.12
16.13
7.34
8.86
3.83

IR 64

3.33
4.78
4.51
4.21
0.45

1.96
4.96
2.57
3.16
0.92

IR 64
4.63
6.96
6.28
5.95
0.69

2.70
8.69
3.18
4.86
1.92

IR 64
3.71
5.41
4.01
4.38
0.52

3.24
7.03
6.80
5.69
1.23

IR 64
11.67
17.15
14.81
14.54
1.59

7.90
20.68
12.55
13.71
3.74

Chomrong

5.31
2.90
1.79
3.33
1.04

4.88
2.15
2.20
3.08
0.90

Chomrong
8.49
2.61
2.26
4.45
2.02

5.81
2.47
3.14
3.80
1.02

Chomrong
6.59
2.16
1.18
3.31
1.66

2.89
1.20
1.39
1.83
0.53

Chomrong
20.39
7.66

5.22
11.09
4.70

13.58
5.82
6.73
8.71
2.45

CG 14

4.47
2.45
3.70
3.54
0.59

4.26
3.31
2.70
3.43
0.45

CG 14
4.29
231
4.00
3.53
0.62

3.92
4.05
3.43
3.80
0.19

CG 14
6.04
1.30
4.47
3.94
1.39

2.34
1.90
3.00
241
0.32

CG 14
14.80
6.06
12.17
11.01
2.59

10.52
9.25
9.13
9.63
0.44

Sahel 202

2.63
2.03
0.89
1.85
0.51

214
0.53
0.98
1.22
0.48

Sahel 202
3.06
2.56
0.98
2.20
0.63

2.65
0.33
1.29
1.43
0.67

Sahel 202
3.70
4.74
0.43
2.96
1.30

1.30
0.32
1.08
0.90
0.30

Sahel 202
9.39
9.33
2.29
7.00
2.35

6.10
1.18
3.35
3.54
1.42

Jaya

3.10
3.21
4.65
3.65
0.50

3.33
3.46
3.45
341
0.04

Jaya
4.62
3.24
7.23
5.03
1.17

5.81
3.04
3.71
4.18
0.84

Jaya
3.45
2.20
12.50
6.05
3.25

4.07
4.22
4.66
4.32
0.18

Jaya
11.16
8.65
24.38
14.73
4.88

13.21
10.72
11.82
1191
0.72

WAS 6322 WAS 161 Sahel 108

3.00
5.00
4.05
4.02
0.58

1.48
3.60
3.49
2.85
0.69

WAS 6322
3.15
6.43
5.02
4.87
0.95

1.40
3.66
4.11
3.05
0.84

WAS 6322
5.44

16.10

5.90

9.15

3.48

161
4.10
3.80
3.17
0.78

WAS 6322
11.59
27.52
14.97
18.03

4.85

4.49
11.36
11.39
9.08
2.30

3.13
3.67
3.73
3.51
0.19

3.68
2.48
3.12
3.09
0.35

WAS 161
4.09
4.23
6.07
4.80
0.64

4.71
3.30
4.45
4.15
0.43

WAS 161
10.11
9.33

4.48

7.97

1.76

5.26
0.98
3.32
3.19
1.24

WAS 161
17.32
17.23
14.28
16.28
1.00

13.65
6.76
10.88
10.43
2.00

6.11
4.04
4.33
4.83
0.65

1.77
2.63
2.98
2.46
0.36

Sahel 108
7.57
4.54
5.73
5.94
0.88

2.32
2.32
3.45
2.69
0.38

Sahel 108
18.11
3.94

4.67

8.91

4.61

1.46
3.20
4.06
291
0.76

Sahel 108
31.78
12.52
14.73
19.68
6.09

5.54
8.15
10.48
8.06
1.43
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Appendix

Appendix5.3: Dry matter [g hill %] for the third sampling(10.09.200862 DAS)for the 10
varietiesin the CP&nd SSCAV=averageSE=standardrror, Rep=replication

Treatment Rep. IR 31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
DM Leaves
total CPS 1 6.56 8.42 9.98 7.66 12.00 10.49 7.25 8.84 9.07 9.83
[a] 2 7.93 7.10 12.26 3.49 10.55 12.97 8.45 10.00 10.30 8.31
3 9.78 8.75 6.27 13.25 7.65 10.67 8.47 8.44 10.44
AV 8.09 7.76 10.33 5.81 11.93 10.37 8.79 9.10 9.27 9.53
SE 0.93 0.54 1.03 1.23 0.78 1.54 1.00 0.46 0.54 0.63
SSC 1 10.70 9.14 8.43 8.60 13.44 7.14 6.79 8.62 11.04 13.51
2 12.58 8.26 9.94 7.58 9.52 5.99 9.33 5.58 11.38 10.52
3 8.93 15.11 7.38 7.82 11.69 6.89 11.15 10.97 10.15 14.02
AV 10.73 10.84 8.58 8.00 11.55 6.67 9.09 8.39 10.86 12.68
SE 1.05 2.15 0.74 0.31 1.13 0.35 1.27 1.56 0.36 1.09
DM tiller
[a] Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 16.18 13.50 13.90 21.55 23.73 13.55 12.53 16.38 15.50 20.13
2 14.33 10.23 16.68 7.38 15.45 23.85 12.53 21.73 17.70 17.90
3 20.30 18.60 16.88 18.90 11.18 20.85 14.03 13.25 27.60
AV 16.93 11.86 16.39 15.27 19.36 16.19 15.30 17.38 15.48 21.88
SE 1.77 1.64 1.36 4.17 2.40 3.89 2.78 2.28 1.28 2.93
SSC 1 16.63 15.93 17.23 13.08 26.95 7.23 10.43 16.50 18.80 23.40
2 20.43 10.83 15.60 17.93 14.80 4.38 12.80 8.60 21.38 13.90
3 17.28 26.58 17.35 22.33 19.85 10.95 15.75 16.80 18.73 21.48
AV 18.11 17.78 16.73 17.78 20.53 7.52 12.99 13.97 19.63 19.59
SE 1.17 5.68 0.56 2.67 3.52 1.90 1.54 2.68 0.87 2.90
DM root
[a] Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322  WAS 161 Sahel 108
CPS 1 22.74 21.92 23.88 29.21 35.73 24.04 19.78 2521 24.57 29.96
2 22.26 17.32 28.94 10.86 26.00 36.82 20.98 31.73 28.00 26.21
3 30.08 27.35 23.14 32.15 18.82 31.52 22.50 21.69 38.04
AV 25.02 19.62 26.72 21.07 31.29 26.56 24.09 26.48 24.75 31.40
SE 2.53 2.30 1.49 5.40 2.84 5.35 3.73 2.74 1.82 3.49
SSC 1 27.32 25.06 25.66 21.67 40.39 14.37 17.21 25.12 29.84 36.91
2 33.01 19.08 25.54 25.50 24.32 10.37 22.13 14.18 32.75 24.42
3 26.20 24.73 30.14 31.54 17.84 26.90 27.77 28.88 35.49
AV 28.84 22.07 25.31 25.77 32.08 14.19 22.08 22.35 30.49 32.27
SE 211 2.99 0.29 2.45 4.65 2.16 2.80 4.16 1.16 3.95
DM dead
leaves Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
[a] CPS 1 1.90 0.60 2.60 2.10 4.00 4.00 1.10 3.70 2.20 4.20
2 1.10 1.30 4.80 2.60 4.40 3.30 1.60 9.40 5.30 6.70
3 5.50 2.80 1.20 6.20 1.50 2.30 2.10 2.30 5.00
AV 2.83 0.95 3.40 1.97 4.87 2.93 1.67 5.07 3.27 5.30
SE 1.35 0.35 0.70 0.41 0.68 0.74 0.35 2.22 1.02 0.74
SSC 1 1.30 2.60 3.50 0.70 15.40 0.60 1.30 3.00 2.60 14.80
2 3.30 0.90 1.60 5.30 3.70 0.00 1.20 1.00 5.50 4.50
3 2.00 7.00 5.40 0.60 4.50 1.70 3.70 2.70 2.30 4.20
AV 2.20 3.50 3.50 2.20 7.87 0.77 2.07 2.23 3.47 7.83
SE 0.59 2.23 1.10 1.55 3.77 0.50 0.82 0.62 1.02 3.48
DM panicle
(4 plants) Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 34 2.6 27.1 10.8 11
2 3.1 19.9 19.5 13.2
3 2.3 16.1 3.6 2.9 7.3
AV 2.85 2.60 15.43 3.60 19.90 11.07 7.20
SE 0.55 6.94 4.79 3.49
SSsC 1 3.90 15.70 3.40 5.80 1.60
2 8.90 0.40 17.60 2.50
3 2.70 25.20 10.90 3.60 0.60 1.00
AV 5.17 0.40 19.50 7.15 3.97 1.10 1.00
SE 1.90 2.90 3.75 0.97 0.41
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DM
la]

Treatment Rep.

CPS

SSsC

1
2
3
AV
SE

1
2
3
AV
SE

IR 31785
27.86
24.93
34.53
29.11
2.84

31.72
42.46
39.88
38.02
3.24

IR 4630

28.17
26.15

27.16
1.01

3251
25.21
50.24
35.99
9.10

IR 64
28.48
33.84
31.15
31.16
155

37.23
31.04
32.58
33.62
1.86

Chomrong CG 14

4091 42.93
13.59 31.60
29.07 37.40
27.86 37.31
791 3.27

27.77 51.19
33.33 29.24
41.29 49.19
34.13 43.21
3.92 7.01

Sahel 202 Jaya

31.64 24.35
42.62 23.58
30.20 41.89
34.82 29.94
3.92 5.98

19.32 22.54
11.47 26.53
30.46 34.03
20.42 27.70
551 3.37

WAS 6322
31.94
45.55
25.55
34.35

5.90

36.32
18.05
37.84
30.74
6.36

WAS 161
28.92
33.52
25.07
29.17
2.44

39.89
37.03
36.00
37.64
1.16

Sahel 108
37.78
34.49
48.92
40.40
4.37

46.61
30.35
44.59
40.52
5.12

Appendix5.4: Drymatter [g hill %] for the fourth sampling(02.10.200884 DAS)for the 10
varietiesin the CP&nd SSCAV=averageSE=standardrror, Rep=replication

DM
Leaves

(¢]

DMtiller
9]

DM roots
€]

Treatment
CPS

SSC

Treatment
CPS

SsC

Treatment
CPS

SSC

Rep.

1
2
3
AV
SE

1
2
3
AV
SE

Rep.

Rep.

IR 31785
5.30
4.06
3.12
4.16
0.63

8.88
12.03
3.64
8.18
2.45

IR 31785
16.85
17.08
18.25
17.39
0.43

19.98
23.28
15.45
19.57

2.27

IR 31785
8.50
4.80
3.70
5.67
1.45

3.10
2.10
0.90
2.03
0.64

IR 4630

10.37
12.71
8.74
10.61
1.15

14.19
24.26
11.28
16.58

3.93

IR 4630

35.95
33.48
26.65
32.03
2.78

41.85
29.73
37.28
36.28

3.54

IR 4630

5.70
3.90
4.30
4.63
0.55

3.00
4.00
3.90
3.63
0.32

IR 64
8.92
8.19
8.30
8.47
0.23

11.13
14.93
15.52
13.86
1.38

IR 64
22.18
19.65
19.35
20.39
0.90

33.88
22.60
22.98
26.48
3.70

IR 64
5.80
4.30
5.20
5.10
0.44

2.80
5.70
1.00
3.17
1.37

Chomrong CG 14

harvested 6.41
1.37
5.04
4.27
1.50

4.21
5.44
5.97
5.20
0.52

Chomrong CG 14
21.75
31.08
15.93
22.92
4.41

32.83
25.08
44.53
34.14
5.65

Chomrong CG 14
2.90
2.00
3.50
2.80
0.44

5.80
7.40
1.70
4.97
1.70

Sahel 202 Jaya

8.59 11.71
13.46 18.63
8.19 4.86
10.08 11.73
1.70 3.98
24.92 15.31
11.21 18.05
15.32 9.17
17.15 14.18
4.06 2.63

Sahel 202 Jaya

18.25 32.03
24.35 36.20
21.05 30.78
21.22 33.00
1.76 1.64

27.00 30.08
28.13 33.48
28.33 13.75
27.82 25.77
0.41 6.09

Sahel 202 Jaya

3.80 3.00
2.40 4.80
3.20 5.70
3.13 4.50
0.41 0.79
3.20 2.20
3.10 2.70
2.80 1.10
3.03 2.00
0.12 0.47

WAS 6322 WAS 161 Sahel 108

6.59
6.85
6.12
6.52
0.21

6.04
7.48
9.72
7.75
1.07

9.81
5.80
6.34
7.31
1.26

5.86
12.04
9.63
9.18
1.80

WAS 6322 WAS 161

15.25
15.33
17.80
16.13
0.84

15.90
16.43
21.10
17.81
1.65

28.10
8.25
19.30
18.55
5.74

22.80
35.73
25.40
27.98
3.95

3.41
7.76
5.55
5.57
1.26

5.05
7.77
8.33
7.05
1.01

Sahel 108
14.13
12.65
15.35
14.04

0.78

18.03
21.08
20.23
19.78
0.91

WAS 6322 WAS 161 Sahel 108

1.60
2.90
2.30
2.27
0.38

3.60
2.40
3.40
3.13
0.37

4.80
4.30
4.70
4.60
0.15

2.80
2.40
1.80
2.33
0.29

6.00
4.80
9.30
6.70
1.35

4.00
5.30
3.60
4.30
0.51
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Appendix

DMdead
leaves Treatment Rep.
[a] CPS
SSC
DM panicle
(4plants) Treatment
CPS
SSC
DM
[s]] Treatment
CPS
SSC

1
2
3
AV
SE

1
2
3
AV
SE

IR31785 IR4630 [IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
24.20 26.40 15.00 10.10 12.20 8.30 14.00 28.20 22.10
16.40 8.40 13.90 61.20 18.50 28.70 18.50 27.50 22.40
17.90 12.00 28.20 23.00 20.10 41.90 25.10 23.90 38.90
19.50 15.60 19.03 31.43 16.93 26.30 19.20 26.53 27.80
2.39 5.50 4.59 15.34 2.41 9.77 3.22 1.33 5.55
19.60 26.40 14.90 60.70 14.00 21.20 21.20 31.10 30.90
11.70 16.90 15.80 31.60 11.20 14.30 26.90 18.90 19.50
25.20 12.00 25.50 71.50 13.60 6.80 22.20 17.50 23.20
18.83 18.43 18.73 54.60 12.93 14.10 23.43 22.50 24.53
3.92 4.23 3.39 11.92 0.87 4.16 1.76 4.32 3.36
IR31785 IR 4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
91.9 72.9 66.8 19.4 44.4 915 87.5 100.9
106.5 6.4 75.0 81.1 18.8 41.5 100.4 84.3 100.9
86.1 79.2 48.7 36.4 96.2 64.2 102.8
94.83 6.40 75.70 65.53 19.10 40.77 96.03 78.67 101.53
6.07 1.85 9.37 0.30 2.34 2.57 7.29 0.63
99.90 38.90 69.20 2.40 26.90 73.80 55.50 62.10
63.10 1.50 89.40 48.20 14.10 94.60 66.60 67.50
70.30 19.70 97.80 2.20 4.60 110.40 77.20 59.20
77.77 1.50 49.33 71.73 2.30 15.20 92.93 66.43 62.93
11.26 20.79 14.37 0.08 6.46 10.60 6.26 2.43
IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
59.67 58.62 58.87 50.28 38.54 59.91 49.82 71.63 54.29
56.66 53.79 54.36 70.02 49.54 77.18 54.80 46.30 56.03
51.07 42.69 59.70 42.39 37.46 60.91 56.55 52.36 65.63
55.80 51.70 57.65 54.23 41.85 66.00 53.72 56.76 58.65
2.52 4.72 1.66 8.22 3.86 5.60 2.02 7.64 3.53
61.83 65.64 61.25 75.31 59.22 59.61 49.29 53.11 50.33
56.10 62.58 69.53 57.86 45.23 61.33 56.68 71.54 55.90
43.87 55.46 50.79 94.52 50.39 26.87 67.37 60.51 52.76
53.93 61.23 60.53 75.90 51.61 49.27 57.78 61.72 52.99
5.30 3.02 5.42 10.59 4.08 11.21 5.25 5.35 1.61
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Appendix6.1: Tillernumberfltillers hill %] for the first samplingdate for ten varietiesin the
CPSand SSC30.07.08=21DAS,20.08.08=41DAS;09.09.08=62DAS,02.10.08=84DAS;
AV=averageSE=standardrror, Rep=replication

30.7.08
Treat-
ment  Rep. hill IR31785 IR 4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 1 7 9 6 6 6 7 11 9 9 8
2 8 10 7 6 6 11 11 8 5 8
3 6 8 8 7 2 8 11 9 7 14
4 7 8 8 6 3 5 7 10 5 13
AV 7 8.75 7.25 6.25 4.25 7.75 10 9 6.5 10.75
2 1 4 5 8 3 2 2 9 6 7 6
2 5 4 10 4 4 3 11 5 7 6
3 3 4 8 7 3 2 3 5 8 7
4 4 4 11 6 3 3 6 9 8 10
AV 4 4.25 9.25 5 3 25 7.25 6.25 7.5 7.25
3 1 8 10 8 5 4 2 7 6 5 9
2 8 8 6 4 4 2 6 5 6 8
3 6 8 8 5 4 2 8 8 7 9
4 8 10 8 5 6 2 8 6 7 8
AV 7.5 9 7.5 4.75 4.5 2 7.25 6.25 6.25 8.5
SE 0.60 0.81 0.47 0.41 0.48 1.01 0.85 0.62 0.43 0.83
SSC 1 1 3 4 5 4 3 2 8 6 3 2
2 5 3 5 4 6 3 7 7 3 2
3 4 4 6 4 2 2 8 2 3 5
4 4 4 5 3 3 2 10 5 3 5
AV 4 3.75 5.25 3.75 35 2.25 8.25 5 3 35
2 1 4 8 8 2 6 2 5 9 5 8
2 3 6 7 4 6 2 7 11 7 5
3 7 7 5 6 5 2 4 7 9 5
4 3 6 5 6 9 3 10 5 5 5
AV 4.25 6.75 6.25 4.5 6.5 2.25 6.5 8 6.5 5.75
3 1 3 7 3 4 5 2 4 8 6 5
2 3 6 4 7 4 2 8 4 5 6
3 6 6 6 4 5 3 5 8 4 5
4 6 6 6 5 5 3 5 6 6 5
AV 4.5 6.25 4.75 5 4.75 25 5.5 6.5 5.25 5.25
SE 0.47 0.50 0.44 0.46 0.61 0.16 0.71 0.80 0.63 0.53
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Appendix6.2: Tillernumberf[tillers hill %] for the secondsamplingdate for ten varietiesin
the CP&nd SSC20.08.08=4DASAV=averageSE=standardrror, Rep=replication

20.8.08
Treat-
ment  Rep. hill IR31785 IR4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 1 25 22 29 25 40 13 19 16 23 22
2 22 27 15 17 11 19 15 39 26 34
3 18 18 26 17 19 29 10 12 26 47
4 19 19 34 25 23 24 19 24 20 56
AV 21 215 26 21 23.25 21.25 15.75 22.75 23.75 39.75
2 1 30 17 22 19 8 18 12 16 18 16
2 14 15 20 14 27 20 10 12 28 25
3 12 22 28 14 11 22 16 30 46 18
4 15 13 35 8 4 7 14 24 17 21
AV 17.75 16.75 26.25 13.75 125 16.75 13 20.5 27.25 20
3 1 25 31 26 11 12 11 27 33 29 23
2 24 29 42 19 25 5 21 30 29 31
3 17 25 35 6 29 10 35 12 27 45
4 16 30 20 10 19 8 32 47 20 23
AV 20.5 28.75 30.75 115 21.25 8.5 28.75 30.5 26.25 30.5
SE 1.81 2.03 2.60 2.04 3.45 2.52 2.76 3.84 2.56 4.28
SSC 1 1 13 10 18 31 47 7 37 17 17 13
2 12 5 13 13 23 14 14 11 24 11
3 46 10 10 20 24 15 11 12 20 18
4 27 5 15 20 19 29 23 13 18 14
AV 245 7.5 14 21 28.25 16.25 21.25 13.25 19.75 14
2 1 31 30 39 16 17 8 20 16 21 13
2 16 27 50 7 27 8 16 10 16 47
3 24 12 24 6 18 9 26 19 10 12
4 28 35 34 10 17 8 36 30 20 23
AV 24.75 26 36.75 9.75 19.75 8.25 245 18.75 16.75 23.75
3 1 4 15 10 10 23 13 29 45 69 23
2 12 10 23 5 13 16 42 23 39 22
3 28 16 43 9 14 12 18 49 28 16
4 14 12 25 10 20 8 22 29 40 17
AV 14.5 13.25 25.25 8.5 17.5 12.25 27.75 36.5 44 195
SE 3.84 3.27 4.46 251 2.98 2.05 3.26 4.36 5.33 3.26
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Appendix 6.3: Tiller number [tillers hill %] for the third samplingdate for ten varietiesin
the CP&nd SSC09.09.08=6 DAS AV=averageSE=standardrror, Rep=replication

9.9.08
Treat-
ment Rep.  hill IR 31785 IR 4630 IR 64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 1 20 23 29 14 25 11 18 23 28 24
2 22 20 21 11 38 16 20 18 21 25
3 20 24 20 11 20 15 22 22 30 20
4 22 20 27 13 24 18 23 21 19 18
AV 21 21.75 24.25 12.25 26.75 15 20.75 21 24.5 21.75
2 1 26 17 15 22 21 15 20 27 24 20
2 27 14 17 17 35 17 19 23 19 26
3 24 22 18 24 28 12 26 21 24 26
4 22 23 20 26 26 18 20 26 18 23
AV 24.75 19 17.5 22.25 275 15.5 21.25 24.25 21.25 23.75
3 1 26 20 27 22 25 21 17 22 24 23
2 23 19 29 12 20 22 18 22 20 24
3 25 19 21 12 27 26 21 26 22 25
4 28 21 24 12 22 21 20 23 24 35
AV 255 19.75 25.25 145 235 22.5 19 23.25 22.5 26.75
SE 0.89 0.93 1.59 1.87 1.88 144 0.82 0.84 1.22 1.42
SSC 1 1 22 20 23 19 22 23 22 24 20 25
2 21 23 29 17 28 21 24 20 22 31
3 19 19 24 16 29 20 31 21 21 23
4 25 26 28 14 24 20 27 26 25 24
AV 21.75 22 26 16.5 25.75 21 26 22.75 22 25.75
2 1 27 25 23 25 31 17 23 19 28 25
2 24 22 19 22 27 21 26 17 25 22
3 22 25 27 17 22 22 30 28 27 25
4 21 21 22 17 29 24 27 23 26 22
AV 235 23.25 22.75 20.25 27.25 21 26.5 21.75 26.5 23.5
3 1 20 22 27 26 32 20 26 28 28 29
2 29 24 25 22 23 19 25 29 24 26
3 25 25 29 17 33 19 26 28 18 26
4 22 22 22 18 32 20 22 25 25 28
AV 24 23.25 25.75 20.75 30 19.5 24.75 275 23.75 27.25
SE 0.99 0.74 1.06 1.25 1.35 0.63 0.94 1.34 1.07 0.92
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Appendix6.4: Tiller number [tillers hill %] for the fourth samplingdate for ten varietiesin
the CP@nd SSC02.10.08=8DASAV=averageSE=standardrror, Rep=replication

2.10.08
Treat-
ment  Rep. hill IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 1 24 16 21 harvested 14 14 14 23 22 22
2 21 16 23 16 18 12 20 23 15
3 26 17 24 14 19 15 22 22 17
4 23 18 23 14 19 17 24 20 14
AV 23.5 16.75 22.75 14.5 17.5 14.5 22.25 21.75 17
2 1 17 24 22 15 16 17 18 24 17
2 18 20 20 17 16 15 19 24 15
3 19 21 14 13 15 14 20 19 14
4 18 20 15 14 15 12 18 20 16
AV 18 21.25 17.75 14.75 155 145 18.75 21.75 155
3 1 21 21 17 15 15 19 23 14 15
2 21 19 19 13 14 18 21 17 14
3 20 18 15 14 13 15 19 22 17
4 19 17 16 16 15 15 18 21 16
AV 20.25 18.75 16.75 14.5 14.25 16.75 20.25 18.5 15.5
SE 0.89 0.80 1.19 0.41 0.65 0.73 0.72 0.98 0.74
SSC 1 1 26 17 22 15 21 15 22 14 17
2 21 17 24 17 18 16 19 13 18
3 17 20 20 17 21 18 24 17 26
4 16 18 21 14 20 20 23 15 19
AV 20 18 21.75 15.75 20 17.25 22 14.75 20
2 1 24 23 22 20 22 14 17 19 24
2 20 20 23 19 25 16 17 17 23
3 18 25 20 21 19 18 18 18 22
4 20 19 23 18 18 20 20 20 20
AV 20.5 21.75 22 19.5 21 17 18 18.5 22.25
3 1 17 19 19 22 14 19 25 26 22
2 24 23 29 15 14 22 27 24 19
3 25 19 25 17 14 21 25 25 20
4 25 18 23 22 14 21 19 20 24
AV 22.75 19.75 24 19 14 20.75 24 23.75 21.25
SE 1.20 0.85 0.89 0.92 1.23 0.87 1.15 1.41 0.92
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Appendix 7: Phenologicaldata for nine varieties in the two irrigation treatments
(CPS/SSC)
Treat- Repli- Start Panicle Start 100% 50% 100%
Variety ment  cation Tillering Initiation Booting Heading Heading Anthesis Anthesis Maturity
IR 31785 CPS 1 25.07.08 23.08.08 01.09.08 07.09.08 13.09.08 10.09.08 16.09.08 03.10.08
2 28.07.08 22.08.08 02.09.08 09.09.08 15.09.08 12.09.08 19.09.08 05.10.08
3 24.07.08 21.08.08 30.08.08 06.09.08 11.09.08 09.09.08 14.09.08 02.10.08
Average  25.07.08 22.08.08 31.08.08 07.09.08 13.09.08 10.09.08 16.09.08 03.10.08
SSC 1 30.07.08 26.08.08 31.08.08 06.09.08 13.09.08 10.09.08 16.09.08 03.10.08
2 30.07.08 27.08.08 05.09.08 14.09.08 20.09.08 17.09.08 23.09.08 12.10.08
3 28.07.08 26.08.08 06.09.08 11.09.08 18.09.08 15.09.08 21.09.08 10.10.08
Average  29.07.08 26.08.08 03.09.08 10.09.08 17.09.08 14.09.08 20.09.08 08.10.08
IR 4630 CPS 1 25.07.08 11.09.08 21.09.08 27.09.08 06.10.08 30.09.08 09.10.08 27.10.08
2 28.07.08 10.09.08 22.09.08 29.09.08 08.10.08 01.10.08 10.10.08 27.10.08
3 24.07.08 09.09.08 20.09.08 30.09.08 08.10.08 03.10.08 11.10.08 28.10.08
Average  25.07.08 10.09.08 21.09.08 28.09.08 07.10.08 01.10.08 10.10.08 27.10.08
SSC 1 29.07.08 12.09.08 21.09.08 30.09.08 06.10.08 02.10.08 09.10.08 29.10.08
2 29.07.08 14.09.08 30.09.08 28.09.08 06.10.08 30.09.08 09.10.08 27.10.08
3 28.07.08 10.09.08 22.09.08 29.09.08 05.10.08 03.10.08 08.10.08 30.10.08
Average  28.07.08 12.09.08 24.09.08 29.09.08 05.10.08 01.10.08 08.10.08 28.10.08
IR 64 CPS 1 24.07.08 23.08.08 08.09.08 15.09.08 21.09.08 18.09.08 24.09.08 13.10.08
2 24.07.08 22.08.08 02.09.08 10.09.08 17.09.08 15.09.08 20.09.08 10.10.08
3 22.07.08 21.08.08 01.09.08 10.09.08 15.09.08 13.09.08 19.09.08 07.10.08
Average  23.07.08 22.08.08 03.09.08 11.09.08 17.09.08 15.09.08 21.09.08 10.10.08
SSC 1 27.07.08 26.08.08 04.09.08 11.09.08 18.09.08 14.09.08 20.09.08 08.10.08
2 30.07.08 27.08.08 03.09.08 11.09.08 18.09.08 15.09.08 21.09.08 10.10.08
3 29.07.08 25.08.08 07.09.08 14.09.08 19.09.08 17.09.08 22.09.08 12.10.08
Average  28.07.08 26.08.08 04.09.08 12.09.08 18.09.08 15.09.08 21.09.08 10.10.08
Chomrong CPS 1 28.07.08 23.08.08 25.08.08 31.08.08 03.09.08 02.09.08 06.09.08 25.09.08
2 24.07.08 20.08.08 24.08.08 30.08.08 05.09.08 03.09.08 08.09.08 24.09.08
3 30.07.08 18.08.08 26.08.08 31.08.08 07.09.08 03.09.08 09.09.08 25.09.08
Average  27.07.08 20.08.08 25.08.08 30.08.08 05.09.08 02.09.08 07.09.08 24.09.08
SSC 1 27.07.08 25.08.08 28.08.08 31.08.08 03.09.08 02.09.08 08.09.08 25.09.08
2 29.07.08 24.08.08 28.08.08 01.09.08 02.09.08 04.09.08 08.09.08 24.09.08
3 25.07.08 23.08.08 27.08.08 02.09.08 03.09.08 04.09.08 08.09.08 23.09.08
Average  27.07.08 24.08.08 27.08.08 01.09.08 02.09.08 03.09.08 08.09.08 24.09.08
CG14 CPS 1 29.07.08 21.08.08 01.09.08 07.09.08 13.09.08 10.09.08 16.09.08 03.10.08
2 28.07.08 21.08.08 02.09.08 07.09.08 12.09.08 10.09.08 15.09.08 02.10.08
3 28.07.08 20.08.08 03.09.08 06.09.08 13.09.08 10.09.08 16.09.08 03.10.08
Average  28.07.08 20.08.08 02.09.08 06.09.08 12.09.08 10.09.08 15.09.08 02.10.08
SSC 1 29.07.08 27.08.08 01.09.08 08.09.08 13.09.08 09.09.08 16.09.08 03.10.08
2 28.07.08 25.08.08 02.09.08 09.09.08 16.09.08 12.09.08 18.09.08 05.10.08
3 29.07.08 26.08.08 01.09.08 09.09.08 15.09.08 11.09.08 17.09.08 04.10.08
Average  28.07.08 26.08.08 01.09.08 08.09.08 14.09.08 10.09.08 17.09.08 04.10.08
Jaya CPS 1 24.07.08 10.09.08 14.09.08 21.09.08 27.09.08 24.09.08 30.09.08 20.10.08
2 24.07.08 09.09.08 15.09.08 21.09.08 26.09.08 24.09.08 29.09.08 20.10.08
3 25.07.08 10.09.08 11.09.08 26.09.08 22.09.08 28.09.08 17.10.08
Average  24.07.08 09.09.08 13.09.08 21.09.08 26.09.08 23.09.08 29.09.08 19.10.08
SSC 1 24.07.08 10.09.08 14.09.08 22.09.08 27.09.08 25.09.08 30.09.08 20.10.08
2 28.07.08 14.09.08 20.09.08 20.09.08 27.09.08 24.09.08 30.09.08 20.10.08
3 29.07.08 13.09.08 15.09.08 23.09.08 24.09.08 26.09.08 27.09.08 20.10.08
Average  27.07.08 12.09.08 16.09.08 21.09.08 26.09.08 25.09.08 29.09.08 20.10.08
WAS 6322 CPS 1 24.07.08 23.08.08 30.08.08 06.09.08 10.09.08 09.09.08 14.09.08 02.10.08
2 25.07.08 22.08.08 29.08.08 06.09.08 10.09.08 09.09.08 15.09.08 02.10.08
3 27.07.08 21.08.08 31.08.08 07.09.08 13.09.08 10.09.08 15.09.08 03.10.08
Average  25.07.08 22.08.08 30.08.08 06.09.08 11.09.08 09.09.08 14.09.08 02.10.08
SSC 1 26.07.08 27.08.08 01.09.08 09.09.08 15.09.08 12.09.08 19.09.08 06.10.08
2 26.07.08 26.08.08 01.09.08 08.09.08 13.09.08 10.09.08 16.09.08 03.10.08
3 24.07.08 25.08.08 30.08.08 07.09.08 14.09.08 10.09.08 17.09.08 03.10.08
Average  25.07.08 26.08.08 31.08.08 08.09.08 14.09.08 10.09.08 17.09.08 04.10.08
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Treat- Repli- Start Panicle Start 100% 50% 100%
Variety ment cation Tillering  Initiation  Booting  Heading Heading Anthesis Anthesis Maturity
WAS 161 CPS 1 24.07.08 08.09.08 16.09.08 21.09.08 19.09.08 24.09.08 14.09.08
2 26.07.08 22.08.08 02.09.08 11.09.08 18.09.08 15.09.08 20.09.08 10.10.08
3 28.07.08 21.08.08 08.09.08 10.09.08 19.09.08 15.09.08 20.09.08 10.10.08
Average  26.07.08 21.08.08 06.09.08 12.09.08 19.09.08 16.09.08 21.09.08 01.10.08
SsC 1 29.07.08 28.08.08 07.09.08 14.09.08 20.09.08 17.09.08 23.09.08 12.10.08
2 28.07.08 27.08.08 08.09.08 14.09.08 21.09.08 17.09.08 24.09.08 12.10.08
3 27.07.08 27.08.08 02.09.08 11.09.08 18.09.08 14.09.08 20.09.08 08.10.08
Average  28.07.08 27.08.08 05.09.08 13.09.08 19.09.08 16.09.08 22.09.08 10.10.08
Sahel 108 CPS 1 24.07.08 22.08.08 04.09.08 19.09.08 16.09.08 16.09.08 22.09.08 11.10.08
2 23.07.08 21.08.08 05.09.08 19.09.08 17.09.08 17.09.08 23.09.08 12.10.08
3 22.07.08 21.08.08 03.09.08 18.09.08 15.09.08 15.09.08 21.09.08 10.10.08
Average  23.07.08 21.08.08 04.09.08 18.09.08 16.09.08 16.09.08 22.09.08 11.10.08
SSsC 1 28.07.08 26.08.08 04.09.08 20.09.08 16.09.08 16.09.08 22.09.08 12.10.08
2 29.07.08 25.08.08 05.09.08 18.09.08 16.09.08 16.09.08 21.09.08 10.10.08
3 24.07.08 26.08.08 04.09.08 20.09.08 17.09.08 17.09.08 23.09.08 12.10.08
Average  27.07.08 25.08.08 04.09.08 19.09.08 16.09.08 16.09.08 22.09.08 11.10.08
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Appendix8: Yield[kg m?] in the CPSand SSGor the ten varieties,averageof Sterility [%]

and Harvestindex;AV=averageSE=standardrror, Rep=replication

Treatment Rep. IR31785 IR4630 IR64 Chomrong CG 14 Sahel 202 Jaya WAS 6322 WAS 161 Sahel 108
CPS 1 0.55 0.43 0.46 0.22 0.21 0.68 0.58 0.60 0.71
2 0.46 0.46 0.67 0.20 0.14 0.77 0.64 0.65 0.64 0.58
3 0.75 0.66 0.11 0.11 0.70 0.65 0.58 0.66 0.55
AV 0.58 0.45 0.60 0.18 0.16 0.71 0.64 0.60 0.64 0.61
SE 0.09 0.01 0.07 0.03 0.03 0.03 0.01 0.02 0.02 0.05
SSC 1 0.57 0.23 0.53 0.09 0.11 0.64 0.61 0.53 0.63 0.57
2 0.53 0.18 1.07 0.15 0.13 1.06 0.76 0.72 0.86 0.79
3 0.75 0.09 0.60 0.06 0.18 0.54 0.59 0.72 0.81 0.78
AV 0.62 0.17 0.73 0.10 0.14 0.75 0.66 0.66 0.77 0.71
SE 0.07 0.04 0.17 0.03 0.02 0.16 0.05 0.06 0.07 0.07
Sterility CPS 53.73 32.48 33.99 34.33 69.90 42.16 48.13 37.64 30.57 36.56
SSC 39.55 56.11 38.33 57.10 66.47 31.97 28.68 37.10 20.67 3738.
Harvest CPS 0.46 0.37 0.49 0.48 0.28 0.48 0.56 0.60 0.49 0.59
Index SSC 0.57 0.28 0.39 0.27 0.35 0.49 0.53 0.56 0.49 0.47
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Appendix9: Detaileddatafor Sterility[%]and Harvestindex

CPS SSC
Sterility Sterility
Variety Rep. [[%] AV SE [%6] AV SE
IR31785 1 48.55 53.73 13.53 31.66 39.55 8.95
2 33.33 57.41
3 79.32 29.59
IR4630 1 21.70 32.48 7.11 35.50 56.11 11.50
2 29.82 57.56
3 45.91 75.26
IR64 1 18.90 33.99 7.88 43.56 38.33 6.60
2 37.61 46.22
3 45.45 25.22
Chomrong 1 46.05 34.33 6.29 39.82 57.10 9.50
2 24.54 72.57
3 32.39 58.91
CG14 1 49.19 69.90 11.51 51.05 66.47 9.90
2 88.98 84.92
3 71.53 63.45
SaheR02 1 44.37 42.16 1.61 29.91 31.97 2.01
2 43.07 30.03
3 39.03 35.99
Jaya 1 50.95 48.13 7.37 19.48 28.68 4.60
2 34.19 33.53
3 59.25 33.03
WAS6322 1 38.36 37.64 2.88 45.03 37.10 4.45
2 32.34 29.63
3 42.23 36.63
WAS161 1 32.26 30.57 1.12 24.78 20.67 2.45
2 31.01 20.92
3 28.45 16.30
Sahell08 1 41.43 36.56 3.35 51.48 38.37 8.03
2 38.11 39.86
3 30.14 23.77

83



Appendix

CPS SSC
Harvest Harvest

Variety  Rep. Index AV SE Index AV SE

IR31785 1 0.70 0.57 0.07 0.55 0.46 0.12
2 0.45 0.62
3 0.58 0.21

IR4630 1 0.34 0.28 0.03 0.31 0.37 0.04
2 0.23 0.34
3 0.28 0.45

IR64 1 0.24 0.39 0.10 0.56 0.49 0.04
2 0.57 0.43
3 0.36 0.47

Chomrong 1 0.26 0.27 0.06 0.48 0.48 0.01
2 0.18 0.50
3 0.38 0.47

CGl4 1 0.52 0.35 0.09 0.35 0.28 0.03
2 0.30 0.24
3 0.22 0.26

SaheR02 1 0.48 0.49 0.05 0.45 0.48 0.01
2 0.57 0.50
3 0.40 0.49

Jaya 1 0.48 0.53 0.07 0.57 0.56 0.02
2 0.44 0.53
3 0.67 0.59

WAS6322 1 0.57 0.56 0.06 0.58 0.60 0.02
2 0.66 0.63
3 0.45 0.58

WAS161 1 0.45 0.49 0.03 0.55 0.49 0.03
2 0.55 0.46
3 0.47 0.47

Sahell08 1 0.43 0.47 0.03 0.56 0.59 0.02
2 0.44 0.61
3 0.53 0.61
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Appendix

Appendix10: Waterinput [mm irrigation and precipitation]for the ten varietiesin the CPS
and SS@verthe croppingperiod; precipitation:274.24mm from 9 86 DAS)

Crop Water Crop Water Crop

duration [Input duration Input duration

mean CPS CPS mm day'1 SSC SSC mm day'l
CG 14 85 669.24 84 7.97 638.63 86 7.43
Chomrong 76 81498 76 10.72 604.17 76 7.95
IR 31785 88 689.96 85 8.12 604.30 90 6.71
IR 4630 110 864.72 109 7.93 72475 110 6.59
IR 64 92 946.49 92 10.29 664.35 92 7.22
Jaya 102 933.28 101 9.24 627.90 102 6.16
Sahel 108 93 676.89 93 7.28 64596 93 6.95
WAS 161 93 916.66 93 9.86 541.36 92 5.88
WAS 6322 85 712.18 84 8.48 616.34 86 7.17
Sahel 202 106 976.71 105 8.72 589.83 107 5.13

85



Appendix

highxx=mediumx=low)

Appendix11: Comparisorof genotypiccharacteristicgxxx

Trait IR31785 IR4630 IR64 Chomrong CG4 Sahek02 Jaya WAS6322 WAS61 Sahell08
Duration(SD,
MD. LD) MD LD MD SD SD LD LD SD MD MD
Plant earlyvigor es es es es es es
development yvig y y Y y y y
dailywater input [mm)] |xx XX X X X XXX XXX X XXX XX
water saving
. " XX XX X XX XXX XXX X XXX X
Waterusein |[mmday’]
SSsC water prodcutivity [kg
grainm “mmwater  |x X XX XX X XXX XX X XXX XXX
input day"]
Yieldand yield[kgm J X X XXX X X XXX XX XX XXX XX
Yield HI XXX X X X X XX XXX XXX XX XX
Components Sterility [0
in SSC terility [%0] XXX XXX XX XXX XXX X X XX X XX
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