EVALUATION OF THE PERFORMANCE OF SYSTEM OF RIC E
INTENSIFICATION (SRI) IN BUMBWISUDI RICE IRRIGATION SCHEME

ZANZIBAR

RUBEA MOHAMED ALI

A DISSERTATION SUBMITTED IN PARTIAL FULFILMENT OF THE
REQUIREMENT SFOR THE DEGREE OF MASTER OF SCIENCE IN
IRRIGATION ENGINEERING AND MANAGEMENT OF SOKOINE

UNIVERSITY OF AGRICULTURE . MOROGORO, TANZANIA .

2015



ABSTRACT

Declining water resourcespw rice yields anda wideninggap between curremice
demand and productiom Zanzibarnecessitatesa changefrom the current rice
production system ta more efficiensystemof production such as the systefirice
intensification (SRI). In an attemptto evaluate the efficacy of $Rpractice and
determining the optimum spacing and transplanting age of seedlingstter grain
yield, productive tillers and water productivity field experimenin a Randomized
CompleteBlock Design (RCBD)wassetwith 13 treatmergand three replicationet
Bumbwisudi rice irrigation scheme in Zanzibdrhe experiment was conducted
duringvuli season from September 20tb3January 20145UPA BC rice varietyas
transplantedat square spacing (20, 25, 30, 35) and 8, 10, 14 and 21 days
seedings age. Eight days old seedlirgy transplantecat 20 x 20 cm spacing(Ty)
(SRI plot) recoded significantly higher grain yield (7.38 t/ha$ compared t@1
days old seedling undercontinuous floodingat 20 cm x 20 cn{T13) (5.283 t/ha)
Lowergrainyield of (5.14 tha) wasin older seedling age of 14 dagsd spacin@5

X 25 cm (T1g). Therewas 39.8%increase in yieldn SRI practice compared to
continuous floodingTreatmentTs (10 days old seedlingvith 20 x 20cm spacing
produced maximum productive tillerper hill (32hill). High waer productivitywas
obtainedin Ts (0.44 kgm®) as compaed to (0.24 kg/m) in continuous flooding
Highestwater use efficiencyWUE) was observed in11{12.06 kg/ha/mm)Amount
of water(46.7%) could be savelly using SRWwhile still producing reasote yields
insteadof continuous floodinglirrigation wateranalysis in the study area revealed no
restriction in its use for rice cultivatiodanzibar hashe potentiabf increasingyield

and water productivity anetducingwater usen irrigated rice under SRI



DECLARATION

I, RUBEA MOHAMED ALI, do herely declare to the Snate of Sokoine
University of Agriculture that this dissertation is my own original work and has
neither been submitted nor concurrently being submitted for a degree award in any

otheracademicdnstitution.

Rubea Mohamed Ali Date

(MSc Candidate)

Theabovedeclaration is confirmed by:

Prof.H. F. Mahoo Date
(Supeavisor)
Dr. F. C. Kahimba Date

(Supervisor)



COPYRIGHT

No part of this dissertation may be reproduced, dtaneany retrieval system or
transmitted in any form or by any means: electronic, mechanical, pipgiogo
recording or otherwise without prior permission of the author or Sokoine University

of Agriculture in that behalf.



ACKNOWLEDGEMENT S

| amgrateful to the Almighty Go the creator of everything for keeping aleve and

in good heath. | wish to express my sincere thanks to my supervisors Prof. H. F.
Mahoo and Dr. F. C. Kahimba for their guidancenstauctive criticisms, comments
andpatience throughout the whole period of reseavolk to the preparation of this
document Without their assistance this work would have not been possible. May

Almighty God bless them.

| have to expresmy thanks to the Irish Aid training program for the award of the
sponsorship in support of my MSc. studl Sokoine University of Agridture. |
would like to express my thanks to the Ministry of Agriculture and Natural
Resources Zanzibamy employer forgranting mea study leae during the whole

period of mystudy.

Sincere thanks to MiKadir A. K., anirrigation technician who assisted radot in
obtaining the plot to set my experinteand in my field work o data collection and
crop performance monitorindt will be unfair without expressing my thanks to
Mohamed KhamidNgwali of TMA Zanzibar office for his assistance in obtaining

metkeaological data

| sincerely express my thanks to my beloved wives, Mwanahija M. Hamza and
Fatma S. Khamasnd all my sons and daughters for their patiearoetdifficulties

theyencounteed duringthe entire period ahy absence.



Vi

| would also liketo thank to my fellov MSc. studerd for their companionand all

thecourse instructord heir contributionsare highly appreciated

Preparation of this document until submission could heote been easy without
consultation of several individuals and review of literatuoenfrdifferent sources. It
is not possible to mention them all, whoewas consulted and or hiser material

wascited in this document is highly acknowledged.



vii

DEDICATION

This dissertation is dedicated to my late father Mohamed Ali mydlate mother
Time Othmarwho contributed to my academic orientation. MaynAhty God keep

their souls irparadise.



viii

TABLE OF CONTENTS

AB ST RACT et e e e e Ii
DECLARATION .t eeeee e emees e e e e e e e e e e e e s iii
COPY RIGHT e e e e e e e e mmmeennnanes \Y
ACKNOWLEDGEMENTS ...ttt eee e eeees V.
DEDICATION .o e e e et e Vi
TABLE OF CONTENTS ...oiiiiiiiiiieieeeeeeeeeevcieeen e eeeeeeeeeeeeievesesmmmeeeeeeeseennnnnnnn M
LIST OF FIGURES ... e n Xiv
LIST OF APPENDICES ... ..ottt e s XV
LIST OF ABBREVIATION AND ACRONYMS ... XVi
CHAPTER ONE ...ttt e e e e anmmeeenes 1
1. INTRODUCTION ... eeree e eree e e s 1.
1.1 JUSHFICALION....ciiiiiiiiiiii et emmme e 3
1.2 ODBJECHIVES. ...utueiicii e eeee et ———— 4
1.2.1 Overall ODJECHVE.......ccceeeiiii e 4
1.2.2 SPeCIfiC ODJECHIVES......ccuviii e 5
CHAPTER TWO ...ttt rene et e e et e e e ennne e 6
2. LITERATURE REVIEW ..ot 6
P2 R [ 1o =4[] o O PPPPPPPPPP R RITPPPPPR 6
pZ 2 = 11| [ o = U1 o] o P 6
2.3 Irrigation MethOOS..........cevvviiiiiii s ree e errer e e e e e e e e e eees 7.

2.3.1 Crop water requirement (ETC).......cccovviiiiiiiiiiiiimemee e 7



2.4

2.5

2.6

2.7

2.8

2.9

2.3.2 Crop water requements for FiCe...........cceevviviiiiiiiieeee e, 8.
2.3.3 Irrigation water reqUIremMenL...........ccoovviiiiiiiiimemeeeee e e 9
Water Quality and Crop BoAUCHION..........coovviiiiiiiiiiiemme e 10
241 Water PH ..o 11
2.4.2 Electrical conductivity (EC)........cooviiiiiiiiiiiiiimmee e 11
2.4.3 Sodium content (N............cooviiiiiiiiiiiiee e e 12
2.4.4 Bicarbonate (HCE).......oovvvuriiiiiiiiiii e eneere e 13
RICE PlaNt.....eeeieeeie et 13
2.5.1 Morphology Of FiCE.......uuueiiiiei e 14
2.5.2 OrigiN Of FICE....ciiiiiieieieicc et e erre e e e e e e 15
2.5.3 RICE ECOIOQY....uuuuuiiiiiiii e 15
Rice Growth and Development................ouvviiiiccciiieeeeicee e e 16
2.6.1 Vegetative Phase.......cccooeeeiiiiiiiiiiieeee e 16
2.6.2 Reproductive Phase........ccccoeeiiii e 17
2.6.3 RIpening Phase.........ccccoiiiiiiii e 17
2.6.4 Rice plant and water environment adaptation......................oeeee... 18
Rice Varieties in Zanzibar...............ovviiiiiiiieeeiee e 19
Conventional Method of Irrigated Rice Cultivation..............cccccoeeevieeee... 19
System of Rice Intensdation (SRI)..........cooiiiiiiiiiiiiiiieeee e 20
2.9.1 Seedlingage under SRI.........ccoooiiiiiiiiiiie e 21
2.9.2 Plant spacing under SRL............uiiiiiiiiiiiiie e 22
2.9.3 Water use under SRI.........coooiiiiiiiiiiiiiiic e 23
2.9.4 Yield levels under SRI.........ooviiiiiiiiiiiiiie e 24

2.9.5 Water productivity and waterse efficiency under SRI................... 24



2.9.5.1 Water produCtiVity.............uuruueiiiiiss s e e e e e 24

2.9.5.2 Water use effiCiency..........cccceeeeeeiiiiiiieeee e 26

2.10 Performance of SRI'IN EaSt AffiCaA.........cccoviiiiiiiiiieereee e 26
2.11 Summary of eratureREVIEW.............uuuuiiiiiiii et eeees 27
CHAPTER THREE ... et 28
3. MATERIALS AND METHODS ... 28
3.1 Description of the StUdY Ara........ccovviiiiiiiiiiiii e 28
3. 1.1 StUAY IOCALION.....uuiiiiiiiiiiiiie ettt 28
N O |14 g = 1= <= I = PP 28
3.1.3 SOIl€ € € € .o 32

3.2 EXPerimental DESIQN........cccciuiiiriiiiiiiieeeiiiieeete et e e e e eeer e e e e e e e as 32
ICTRC I |V =1 ToTo [o] (o0 VAP PUPPPPPPPPP I 35

3.3.1 Characterization of soil and water quality paddy rice
PrOQUCTION. ...t e e e e e e eeas 35
3.3.2 Determination of optimum transplanting age of seedlings under
SRIPIACHCE. ..ottt e e e e 36
3.3.3 Determination of optimum spacing that gives maximum
productive tillers and yield................oeviiiiiiiiieciiiii e 37

3.3.4 Evaluation of water productivity and water use efficiency

underSRI practice and conventional methad..................ccceeeeeees 38
R D - = W 0] | =3 1] o 1S 39
0t R O 111 4 T (oo £ = R 39

34.2 Crop performance..........cccceeevvvvvuvemimmmreeeeeeerrnennnnnneeeessmemsennnnnnnnnn . 40



Xi

34.3 Yield and yield COMPONENLS...........ooevvviiiiiiiimmmre e 40
34.4 lrrigation water MONITANG..........ccuvuuurruueiiisieeeereeen e eeeeeeeneas 40
34.5 Crop water producCtiVity.........ccceeeveeeeeeieiiiieeeiiiieieeeeeeeeeeeeeeeeeiiiennnen 41
34.6 Crop water use effiCienCy........cccceeeeiiiiiiiiiieeee e 41
34.7 Water quality analySiS.........uuuuuiiiiiiieiiecceeiiiee e e e e e eeeen s 43
3.5 Data ANAIYSIS.....cceeeiiiiiiiiie e rre e e e ———— 43
CHAPTER FOUR ...t e e e s 44
4. RESULTS AND DISCUSSION.....cccuuiiiiiiiiiiiiiieeeeirene et eeee L A
4.1 Soil Physical and Chemical Properties.........cccccoeviiiiicccieee 44
4.1.1 SOIPPE € € . oo 44
4.1.2 SOOIl tEXIUIE . ..o eeee e erme e e 44
4.1.3 Total Nitrogen (N).......ccooiiiiiiiiiiiiiiiieeeiiiiireieeeeeeeee e eeeeeeeeeeeeee . BB
4.1.4 Exchangeable calcium (Ca).........ccoovrriiiiiiiiiiee s 46
4.1.5 Exchangeable magnesium (Mg)...........cooiiiiiiemmnniiieniiinnnnn A7
4.1.6 Exchangeable potassium (K).......cccooiiiiiiiiiiinrceeeie a7
4.1.7 Cation exchange capacity (CEC)........cccooiiiiiiiiiiiiiciiieeeee 8 48
4.1.8 Extractable phosphorous (R)........ccccuuiiiiiiiiiimemiiiiiiiiiiiieeeeeee e 48
4.2 Determination of Water Quality for Pad&ce Production.........................48
421 PHE € € € oo 49
4.2.2 Electrical coNdUCHVIEYEC).........ccooeiiiiiiiiiiiiceee s 49
4.2.3 Sodium (N) measured in sodium adsorption ratio (SAR)............. 50
4.2.4 Bicarbonate (HCQ) .......uuuuiiiiiiiiii e eeeeeeeeeee e 51

4.3 Effect of Seedlig Age and Spacing on TilleringaRern..............cccccceeeeeennne. 51



Xii

4.4 Effect of SeedlingAge and Spacing on Total Number ofifrs and

ProductiveTillers per Hl ..........ccoooii i 56
4.5 Effect of Seedlinghge and Spacing on Plant Height..............ooovviiieeee. 60
4.6 Effect of Seedlinghge and Spang on Yield and Yield componenits.......... 60
4.7 Effect of SeedlingAge and Spacing on Total aboveo@nd Biomass........... 62
4.8 Effect o Seedling Age and Spacing on Total Irrigation Waterdut.............. 62

4.9 Effect of Sedling Age and Spacing on Crop WateodRuctivity
0] a0 [T G = 4 PP PPTPTPRRT 63

4.10 Effect of Seedling Age and Spacing on Crop Whkee Hficiency

(0] 8 Lo [T GRS = RO 65
CHAPTER FIVE ..o et aen 67
5. CONCLUSION AND RECOMMENDATIONS ..o, 67
Bl CONCIUSIONS. ..ot eee e e e e e e aanmas 67
5.2 RECOMMEBNUALIONS . e ettt eeaeens 68

APPENDICES ... ..ottt ereea e e e e e e e e e e e e e nnne e e e 90



Tablel:

Table 2:

Table 3:

Table 4:

Table 5:

Table 6:

Table 7:

Table 8:

Table 9:

Table 10:

Table 11:

Table 12:

Table 13:

Table 14:

Xiii

LIST OF TABLES

Climatic parameters from Kisauni meteorological station

Zanzibar (19872012).......cuuuueiiiiiiiie e e e e e annen s 30

Monthly Rainfall distribution (mm) at experimental site for

Weekly rainfall distribution (mm) recorded at the

experimental site from September to December 2013................... 31
Treatments detailS..........ooooiiiiiiiii e 34
Kc values for paddy Ceu.......cceeeeiiiiieiiiiiiieeeciiie e eeeeeeeeeveevvvieenn . A2
Seasonal crop water requirements ETc (mm) for paddy.rice.........43
Physicaechemical properties of soil of experimental site.................. 45

Soil pH, nitrogen (N), phosphorus (P) and potassium (K)

suitability rating or rice.......ccooooviiiiiiiiee 45
Rating of SOil fertility.............ourrimi e 46
Chemical properties of Bumbwisudi irrigation water source...........49
Guidelines for evaluation of water quality for irrigation................... 50

Effect of seedling age and spacing on tillering grattat

different growth stages of rice under (SRL)..........ccoovviiiiiiiieeeniieennn, 52
Mean effects of seedling age and spacing combinations on

growth and yield parameters of rice under SRI conditian............... 58
Mean effects of seedling age and spacing combinations on

water productivity of rice under SRI.......ccooovviiiiiiiiiiiiece e 59



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

9:

10:

Xiv

LIST OF FIGURES

Location of the study area..............cccceeeiiiiiiceciiicccie e 29

Experimental layout (Randomized Complete Block Design)......33

WeekKly tiller production for 8 days old seedling......................... 54
Weekly tiller production for 10 days seedling...........cccceeeveeeeeenns 55
Weekly tiller production for 14 days old seedling....................... 55
Total tillers, productive tillers and neproductive tillers................. 56

Grain yield and above ground biomass for different treatments. 61

Irrigation water input under various treatments................cccceueee 63
Irrigation water productivity under various treatmenits............... 65
Irrigation water use efficiency under various treatments...........! 66



XV

LIST OF APPENDICES

Appendix 1: Crop COEffiCIENIS......ccei it 90
Appendix 2:  Nomograph and formula for determination of S¥&ue........... 91
Appendix 3:  Indicative values of crop water requirements...................... 92
Appendix 4:  Average rainfall vs rainfall 2013..............ccoooiiiiiieeee e 93

Appendix 5:  Irrigation time for each treatment for the month of

September (2013)....uuuiiieiiii e 94
Appendix 6:  Irrigation time (min) for each treatmefor the month of

October (2013). ... 95
Appendix 7:  lIrrigation time (min) for each treatment for the month of

NOVEMDEr (2013)....cieiiiiiieiiiee e eeeer s 96
Appendix 8:  Irrigation time for each treatment for the month of

December (2013)......ccvuiiiiiiieee e 97
Appendix 9: Irrigation time (min) for each treatment for the month of

January (2014)......ccoooiiiiiiemme e 98



pS/cm
ANOVA
ARC-ILI
CEC
cmol

DI
dS/m
EC
EDTA
ETc
ETo
FAO

HI

ICRISAT

IRRI
ISO

IWMI

Kc
LSD

MALE

XVi

LIST OF ABBREVIATION AND ACRONYMS

microsiemens per centimeter

Analysis of Variance

Agriculture Research Councll

Cation Exchange Capacity

Cent mole

Deficit Irrigation

deciSiemens per metre

Electrical Conductivity
Ethylenediaminetetraacetic acid

Crop Evapotranspiration

Reference Evapotranspiration

Food and Agriculture Organization of the United Nations
Harvest Index

International Crops Research Instituter fthe SenwArid
Tropics

International Rice Research Institute
International Organization of Standards
International Water Management Institute
Potassium

Crop Coefficient

Least Significant Difference

Ministry of Agriculture Livestock and Environment



mel/l

N

Na

NARI
NERICA
OECD

P

RCBD
SAR
SAWQG
SDWAF
SRI
TDS
TWU
URT
USGS
WP
WUE
WWF

ZFBS

XVil

Milliequivalent per litre

Nitrogen

Sodium

National Agricultural Research Institute

New Rice for Africa

Organization for Economic Coperation and Development
Phosphorus

Randomized Compte Block Design

Sodium Adsorption Ratio

South African Water Quality Guidelines

South African Department of Water Affairs and Forestry
System of Rice Intensification

Total Dissolved Solids

Total Water Use

United Repblic of Tanzania

United States Geological Survey

Water Productivity

Water Use Efficiency

World Wide Fund for Nature

Zanzibar Food Balance Sheet



CHAPTER ONE

1. INTRODUCTION

In recent years the availability of freshwater &griculture has been declining and
the costs for water resouscedevelopment havieeen steadily on the rise. While the
demand for agriculturgbroducts is becoming higteither more water is needed to
produce food taneet the current demand producingmore crops usingess water.
Ricebeingapopular grain worldwide is the leading consumer of water (Boumén a
Toung, 2001). According tthe International Water Management Instit(te/Ml )
(2007, irrigated rice consumes about%84 30% of the freshwater dhe world. In
India alone for instan¢&0% of water used for irrigation is used fare production

(Biswas, 2010).

Rice is the most important staple food worldwide for 2.7 billion people, almost half
the world populationGinigaddareand Ranamukhaarachi, 2009 Sinha and Talati,
2007). It is estimated that the world demand fae is projected to increase bp to

70% over thenext 30 years (Partha and Samsul, 2011). This projected demand can
only be fulfilled by maintaininga steady increase in proclion over the years
through various ways like adoption of hybrid rice, super hybrid rice and judicious

utilization of production factorespecially water

In Zanzibar, it is estimated that 22.3 million cubic metksvater(Mm?®/year) will
be requiredto irrigate 1712 haof rice by 2015 This is about 406 of total water

demandbased on estimated irrigation demand of 13Gthatyear(Halcrow, 1994).



Rice is the main staple food in Zanzibar and accounts for more than 5@8dof
consumed (ZFBS, 2007yheannual per capitece consumption is about 120 kg per
year imgying the current demand is 1200 tons per yeaout of which 80% is
imported (Mnembukaet al., 2010) This situationindicatesinsufficientshortagein
termsof food productionparticularly, rice. To feed the growing population of more
than one million peopléhe Government of Zanzibar is putting emphasis on irrigated
agriculture to narrondown the gap offood supply that hasto be imported from

outside usindoreigncurrency

The current rrigated rice production system in Zanzibar is continuous flogding
which in principle explo&g more groundwatein the most intensively cropped areas
under rice,where groundwateis often used for irrigation, water tables haween
falling at an alarmirg rate of one meter per year or more (Shymashree and Bisht,
2012). Alsq climate change will exacerbatiee problem by adversely affecting rice

and wheat yields andcreasing evapotranspiration (Rosegetrdl.,2008).

With declining trend of water rsources and thesing demand for ricehere is need

of changing how rice is produced in the country. Ricsluctionunder conventional
practice of maintaining continuoti®oding should no longer be talked abo&o we
have to keep an eye on the modifion of rice cultivationpracticesusing less
amountof water. Fortunatelya technique has been explored, promising more yield
with less water usé& his technique igalledthe System of Rice Intensification (SRI).
The System of Rice Intensification istachnique of producing rice with less water
andhas been proved to increase ysethd water productivity in many parts of the

world (Geethalakshnet al, 2009 Vijayakumaret al, 2006.



In Tanzania theSRI practice is becomig more popular in a number forice
producingareaswhereéy researches are being conducted to evaluate its suitability
and acceptabilityA few examples of these areas are Mkindad Dakawa in
Morogoro RegiorandLower Moshiin Kilimanjaro Region There are some parts of
the countryike Zanzibar where little has been done. In Zanzibar groundwater is the
main source for both irrigated agriculture and domestter supplyand therefore
need to be carefully abstracteddaefficiently utilized. Out of 601ha of land
currently underrice irrigation, about 363 ha (80) are irrigated using groundwater

In Ungujaisland alone, out of 47Ba of land underirrigatedrice, 363 ha(76%) is
irrigated usinggroundwater sources. The yiedl 3.5 t/ha obtained witthe existing

production systemnsidill low and need to be increased.

This studyis thereforedesigned to assess the performance and suitability offSRI
Zanzibar with special focus on its potential in increasingp yieldsand water
productivity. Increasing productivity in agriculture in line with the goal of
Zanzibar Poverty Redtion plan (RGoZ, 2010),Agriculture Sector Policy, and
Agricultural Sector Strategic I& (Ministry of Agriculture, Livestock and

Environment MALE) (MALE, 2008)

1.1 Justification

With declining water @sources, increased populatidow rice yields and water
competitionwith other development activities including domestic uasnersneed
to adoptcrop production systesithat favour water savingvhile improvingyield in

irrigated rice.According to $iarma(1989) the continuous flooding methaaf rice



cultivation is very inefficient as about 5B0% of the total water input is wasted.
Thus even small savings of water due to a change in current practice will translate
into a significant bearing on redug the total consumption ofater for paddy
production. Therefore water saving techniques are absolutely essential for increasing
and sustaining future rice production in Zanzil#RI| offers an opportunity anah
alternative method since it has the patdrdf improving rice crop yieldandsaving

more water for otheuses.SRI canalso save government foreigrurrencyfor rice
imports and avoiding expenses for alternative water supply infrastructure and water

conflicts as well.

Despite high yieldebsevedwith SRI in other placeshe differexce in geographical
locatiors, climatic and soilconditions call for SRI components especially spacing
and seedling ag® bere-establishedhrough field trialsn orderto fit local specific
locatiors. There is achance of obtaining higher yields at lower spacing in other
locations e.g. Zanzibar ConsideringZanzibar is an island with limited land and
water resources with respect to its population and food demand especelgnd
little has been done concergisRI practice under the Zanzibar environmésgting
SRIcomponertis the right point of departutewards reduction of irrigation water

input for paddy productiorthis is the essender the currenstudy

1.2 Objectives
1.2.1 Overall objective
The overall objective wasot evaluate the efficacyof the System of Rice

Intensification(SRI) in increasing watermpductivity andrice yieldsin Zanzibar



1.2.2 Specific djectives

Thespecific objectivesncludesto:

i) Characterizehe soils and water gality for paddy rice productiomm the project
site

i)  Determine optimum transplanting age of seedlings under SRI practice.

iii)  Determineoptimum spacing that gives maximum productive tillers and yield
underZanzibar soil conditions.

iv)  Evaluatewater productivity and water use efficiencynder SRI practiceand

the conventionaflooding method



CHAPTER TWO

2. LIT ERATURE REVIEW

2.1 lIrrigation

In the Proceedings of the Consultation on &tign in Africa Lome, Togoirrigation

was defined as the application whter supplementary to that supplied directly by
precipitation for the production of crogBAO, 1997) Kay (1983) defined the term
irrigation as the artificial method of applying water for supplementing rainfall to
improve crop yield Recently the UnitedStatesDepartment ofinterior Geological
Survey (USGS) definad irrigation as the controlled application of water for
agricultural purposes through manmade systems to supply water requirements not
satisfied by rainfall Irrigation is applied to avoid wated e y c i t s ftcrbpa t re
production. Howeverwhen water supply is limited, deficit irrigation is deliberately

practiced.

2.2 Deficit Irrigation

The application of water below the crop evapotranspirafitic) requirements is
termedasd ey c i t n (DI ({Fereges &hiSariano, 2007)OwusuSekyere (2010)
defined DI as a strategy that allows a crop to sustain some degree of water deficit in
order to reduceproductioncosts and potentially increase income. Irrigation supply
under DI is reduced relativi® that needed to meet maximum ET (English, 1990).
Therefore, watedemandfor irrigation canbe reduced and the water saved can be
diverted for altemative usesSRI is among the practices of deficit irrigation since it

involves suboptimal water applitams during thevegetative phase of rice plant.



2.3 Irrigation Methods

There are three commonly uséudigation methods: surface irrigation, sprinkler
irrigation and drip irrigation Brouwer et al, 1988. The selection of an irrigation
method is basednotechnical feasibility and economidseasibility in terms of soil
type, slog of the land and quality of irrigation watey support particular irrigation
type Economics focus on crops to be grown and investraedt operatingosts.
Surface irrigation rethods are generally cheapest to install and where conditions are
suitable there is littlgooint to consider other metho@#/ithers and Vipond, 1974)
However, where high value crops are to be grawfand slog is steep or water is
salinethere may be @momic justification for considering other methods of irrigation
(sprinkler and drip irrigation)Sprinkler and drip irrigatiorsystemsare relatively
expensive to instalind even theioperation and maintenance coatal thereforas

uneconomicaand notused for paddy productioRaddy rice is grown in basins

2.3.1 Crop water requirement (ETc)

Crop water requirement (crop water need) is the amount of water required to
compensate the evapotranspiration loss from the cropped field @tlen2006) It

refers to the amount of water that needs to be supplied to the crop to meet
evapotranspiration demand, while crop evapotranspiration refers to the amount of
water that is lost through evapotranspiration. It is expressed in millimetres per given
duraton (mm/day, mm/month or mm/season). The crop water requirement (ETc) is
computed by multiplying thereference evapotranspiration ETand the crop
coefficient(kc). The reference evapotranspiration ETo is the evapotranspiration rate

from a reference surfac®t short of water (Allert al.,2006). The reference surface



is a hypothetical grass well wateredmpletelyshading the groundith an assumed
height ofabout0.12 m above the groundixed surface resistance of 70 §'mand
albedo of 0.23The recomranded procedure for computing the ETo is the use of
Penman Monteith methodAllen et al., 1998) Nowadays computer softwafETo
calculator) has been developed wmplify the computation of ETdecause the
former method is a long process and involvegessd computed parameters which
somehow aréaboriousto handle The parameters required are air temperatuf€jn

air humidity, solar radiation andind speed (mY. Values for kc depend on crop
developmentstage of a particular crop. For simpligitkc values have been

determinedhndcan be obtained iAppendix 1.

2.3.2 Crop water requirements for rice
The crop water requirement for rice is determined usiames procedure of
computing water requirements for other crops by multiplying the reference
evapotranspiration and crop coefficient for a particular growth gtageation 1)
ETc = ETééac&éeéééeccéecéecéecéeecéee .. (D
Where

ETc = crop evapotranspiration (mm/day)

ETo = reference evapotranspiration (mm/day)

kc = crop coeffitent (dimensionless)



2.3.3 Irrigation water requirement
Irrigation water requiremergtR) is the crop water requirement less effective rainfall.
(Pe).
IR=ETciPe (mm) éééééééecc&éééeecéeéée (2)
Where:

Pe = Effective rainfall (mm/month).
Effective rainfall is that part of rainfall that can be used effectively by the crop. It is
normally computed by the following form@ahown in Equatios3 and 4
Pe=08PifP > 75 mm/éracdrétéreé& é ¢ééééé . éé.
Pe=06PiP<75mm/month. é 66 éé&é.ééeé .. & é¢é .6 (4)
Where:

Pe = effective rainfall (mm/month)

P =Monthly rainfall (mm)
For paddy rice grownvith standingwater, is an exceptional case. Not only has the
crop water need (ETc) to be supplied by irrigation or rdinfait also watelis
needed forsaturation of the soil before plantif@AT), percolation and seepage
lossePERC)and establishment of a water lay#/L) (Equation 5)
IR=ETc+SAT+PERC+WILPe ( mm) ¢ééée&&&&éééée (5)
for heavy clay: PERC = 4 mm/day
for sandy soilsPERC = 8 mm/day

on average: PERC = 6 mm/day

Theamount of water layer is noeeckd in SRI practice.

)
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2.4 Water Quality and Crop Production

Water quality plays a crucial role in successful production of crOpsrtime the
quality of groundwater is ewtantly changing in response to daily, seasonal and
climatic factors Ackah et al., 2011). A thorough water analysis and evaluation is
therefore important for any successful crop production operaGamceptually,
water quality refers to the charactadstof a water supply that will influence its
suitability for a specific use, i.e. how well the quality meets the needs of the user and

is defined by certain physical, chemical and biological characteristics (FAO, 1985).

According tothe South Africanwater quality guidelines (SAWQJ31996), the term
water quality describes the physical, chemical, biological and aesthetic properties of
water that determine its fitness for a variety of uses and for the protection of aquatic
ecosystems. It means water qugafir irrigation is described by properties that judge

its fitness for irrigation purposes.

The suitability of water for irrigatiomlepends on a variety of factorsobt relevant
and important are; (salinity) concentration of Total Dissolved SofiiDS),
expressedn EC unit (element toxicity) concentration of certain ions, which may be
toxic to plants or haveinfavourableeffects on crops, soils and public health and
(sodicity) concentration of cations, which may causdéatulation of clays in soils
resulting damage tsolil structure and permeabilif3Bauderet al.,2007). Ayers and
Westcot, (1985) classified irrigation water into three groups based on salinity,
sodicity, toxicity and miscellaneousazards These general water quality

classification gidelines help to identify potential crop production problems



11

associated with the use of conventional water souheel@85Food and Agriculture
Organization of the United Nation$AO) produced guidelirefor evaluation of
water quality for irrigationFAO, 1985) The key parametersnclude pH, electrical
conductivity (EC), Sodium content @Nmeasured irsodiumadsorptiorratio (SAR)

and bicarbonate (HC{ These parameters are briefly discussed in the following

sections.

2.4.1 Water pH

ThepH is an ndicator of the acidity or basicity @fater, but is seldom a problem by
itself. The main use of pH in a water analysis is for detecting abnormal water. The
normal pH range for irrigation water is from 6.5 to 8rigation water with a pH
outside the nonal range may cause a nutritional imbakor may contain toxic ions
(FAO, 1985. An abnormal value is a warning that the wateyeds further
evaluation Water with a pH below 7 is acid and water with a pH above 7 is alkaline
(Bruntonand Ourimbah, 2011 Most ratural waters have pldf between 5 an@.

High values of pH above.5 are often caused by high carbonate £3Cand

bicarbonate (HC®) concentrations (Ayers and Westcot, 1985).

2.4.2 Electrical conductivity (EC)

Electrical conductivity (ECis ameasuref the ability of water to conduct an electric
current, which is carried by various ions in solution such as chloride, sodium,
sulphate nitrate, carbonate, bicarbonate, calcium and magnesium. Electrical
conductivity is commonly used as an estienaf the concentration of total dissolved

salts (TDS)or total salinityin irrigation water. The instrument used to measure EC is
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the EG meter and the standard unit used to express electrical conductivity is
deciSiemenger metre (dS/m) or microSiemenar gentimeter (uS/cm). One dS/m is
equivalent to one thousand microsiemens per centimeter uS/cm. The readings in the
instrument are proportional to the concentration of dissolved salts. This implies that
lower units of EC indicatéow concentration oflisolved salts and vice versaAO,

1985 indicated the valuad EC less tharB dS/m asfree from salinity (Ayers and
Westcot, 1985)Plantstakeup water through a process of ostregulation wherein
elevated salt concentration within plants causes watemaoe from the soll
surrounding root tissue into the plant ro8aline conditions restrict or inhibit the
ability of plants to take up water and nutrients, regardless of whether the salinity is
caused by irrigation water or soil water which has becomenesdiecase of

additions of salty water (Baudet al., 2006).

2.4.3 Sodium content (Na)

The effect of sodium ions in igation water is its tendency oéducing infiltration

rate and soil permeability (Ayers and Westcot, 1985). Sodium caabssto
disperseor lose ®il structure Akoto, et al.,2010. As soil structure deteriorates soill
compaction ottightnesswill increase and water infiltration, water percolation and
root growth areall decreased. If irrigation water contains greater than 50 ppm
sadium, itcan begin to adversebffect soilstructure(Misstearet al, 2006. Sodium
adsorption ratio (SAR) is the most commonly used parameter for evaluating
groundwater suitability for irrigation purposes (Ayers afidstcot, 1985)SAR is

calculated usig the following formulgEquation 6)
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N
SAR=E————¢é ééeééééééecce.ééceceeceeeeéeéé. (6

/Ca+ Mg
2

Where: Na, Ca and Mgare sodium, calcium and magnesium contents in
milliequivalent per litre(me/l) respectivelylrrigation water having SARess tharB

me/l, there is no restriction on use as irrigation water squF€me/|l have slightly to
moderate restrictions on usdile those having SAR greater than 9 me/l have severe

restriction on use as it destroys soil structure and reduce permeability of soil.

2.4.4 Bicarbonate (HCOy)

Bicarbonates (HC®) concentration in irrigation waters is primarily important in its
relation to calcium(C&") and Magnesium (Md). There is a tendency for both
calcium and magnesium to react witlicarbonate in thewater and /or sd,
precipitating as either calcium carbonate (CgC@r magnesiumcarbonate
(MgCGQs). Since magnesium carbonate is more solublbas aless tendency to
precipitate. The precipitation of either calcium or magnesium from water as
carbonate salts increast® relative proportion of sodium which directly raises the
sodium hazard ratingrhe acceptable range of Hg@ontent in irrigation water is
from 1.5 to 8.5 me/lValuesgreater than 8.5 me/l can severely affect irrigation

equipmentgAyers and Westcof,985).

2.5 RicePlant
Rice (Oryza sativa L) is a plant belonging to the family of grasses,

Gramineae/Poaceae. There are 12 genera withiorffmaetribe (Vaughan, 1994).
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The genu®ryzaecontain approximately 22 species of which 20 are wild and only
two (O. sativaand O. glaberrimg are cultivated (Vaughan, 1994). Chatterjee and
Maiti (1985) describe rice plant as an annual grass with round, hollow and jointed

culm, flat leaves and terminal inflorescence called panicle.

2.5.1 Morphology of rice

Rice is a typical grass forming fibrous root system, bearing erect culm and
developing long flat leaves and multiple tillers which bear panicles that emerges on
the uppermost node of a culm from within a flag leaf sheath (Yoshédd,; OECD,
1999). The culntonsists of a number of nodes and hollow internodes that increase in
length and decrease in diameter up the length of the &lbnt height varies by
variety and environment conditiongnging from approximately 0.4 m to over 5 m

in some floating ricearieties (NARI, 2001 IRRI, 2013. Cultivars can vary widely

in the length, width, colour and pubescence of the leaves. Grain length varies with
cultivar and isbetween 5 and 7 mriVith SRI practices individual plants may reach,

if not complete, the 12th ghochron and produce more than 80 till¢Btoopet al,
2002).The term jpyllochronis used to describe the growth dynamics of cereals. It is

defined as the interval of leaf emergence (Nensotal., 1995).

Rice yield is determined by the grain weight tomeshectare(t/ha). In Tanzania
yields ofup to 9.91 t/ha has been recorded at Mkindo Irrigation Scheme (Katambara
et al, 2013) In Madagascar yietdof up to 15t/hahave beerobtained (Stoogt al,

2002)
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2.5.2 Origin of rice

The origin and cene¢s of diversity of two cultivated speci€3. sativaand O.
glaberrimahave been identified using genetic diversity, historical and archaeological
evidences and geographidiktribution. It is generally agreed that river valleys of
Yangtze, MekorRiverscould be the primargentre of origin 0. sativawhile delta

of Niger River in Africa as the primary centre of origin @fglaberrima(OECD,
1999 Vaughanet al, 2003. The foothills of the Himalayas, Chhattisgarh, Jeypore
Tract of Orissa, northeasternindia, northern parts of Myanmar and Thailand,
Yunnan Province of Chin&tc., are some of the centres of diversity for Asian
cultigens. Thanner delta of NigeRiver and somereas around Guinean coast of
Africa are considered to be cerstref diversity & African specieof O. glaberrima

(Chang,2003.

O. sativais the most widely growmice of the two cultivated species. ik grown
worldwide, includingAsia, North and South America, Europe, Middle East and

African countries (Linares, 2002).

2.5.3 Rice ecology

Rice has a semi aquatic life style requiring water particularly during reproductive
growth phase.Unlike other crops, rice has the ability to grow in various
environments and is also productivesituations where other crops cannot survive.
Macleanet al. (2002) classified the environments in which rice is grown depending
on their hydrologicakharacteristicsThese can be classified as irrigated lowland,

rainfed lowland, uplanénd flood prone. Irrigated lowland rice has enough water
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suppliesin the entire growingseason. Farmers generally try to maintain ponded
water of 510 cm in their fields. Rainfetbwland rice is grown in fields that are
sometimes flooded with rainwater. In lowland rainfede fields there is no
assurance gfondedwatersince rainfall is the only source of watétood prone rice

is grown in areas where the fields suffer periodically from floods. Deepwager

and floating rice are common types of flood prone rice. Upland rice is grown under

dry land conditions where ¢honly source of water is rainfall (Boumanal.,, 2007).

2.6 Rice Growth and Development

The growth of the rice plant is divided into three phases; viz. vegetative,
reproductive and ripening phases (IRRI, 2002). These growth stages are based on
data ad characteristics of IR6dce variety, a modern, a high yieldirand semi

dwarf variety It has been indicated that in the tropical countries, the reproductive
phase is about 35 days and the ripening phase is about 30 days. The differences in
growth duréion are determined by changes in the length of the vegetative phase. For
example, IR64rice variety,which matures in 110 daybas a 4&lays vegetative
phase, whereas IR8 which matures in 130 days hasdaygbvegetative phase (IRR,

2002).

2.6.1 Vegetative phase

Vegetative phase is the period from germination to panicle initiation (IRRI, 2002).
Germination begins with the engency of coleorhiza ancbleoptile (primary shoot)
from the pericarp(seed coat) The radicle givesrise to the seminal rootystem

(Moldenhauer and Gibbons, 2003). The coleoptile elongates along with epicotyle and
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when coleoptyle reaches the soil or water surface, it split opens and the primary leaf
emerges (Mc Donald, 1979). During this early phase of development, the rite plan
can produce a leaf every four to five days as the primary culm develops. As the rice
plant grows, primary tillers begins to emerge from axial nodes of lower leaves, this
gives rise to secondary tillers from which tertiary tillers can devéMpen the fith

leaf of the main culm emerges, the first leaf of the tiller comes from the axial of the

secondary leaf on that cul@¥oshida, 1981)

2.6.2 Reproductive phase

Reproductive stage begins with panicle initiation. The panicle initiation occurs at the
growing tip of the tiller. As the panicle grows inside the flag lea¢ath, senescence

of the lower leaves begins. A further three leaves develop before the heading or
emergency of the panicle. Flowering typically begins one day after heading and
continues dwn the panicle for approximately up to seven days until all the florets

have opened (IRRI, 2002).

2.6.3 Ripening phase

Once the florets were fertilized, ovaries begin to develop into grains. They start
filling with white milky fluid as the starch depit begin to form. The panicle
remains green at this stage and begins to bend downwards (IRRI, 2002). Leaves
senescence continue from the base of the tillers but the flag leaf and the next two
lower leaves remain photosynthetically activEhe grain therbegins to harden, the

husk turn from green into yellow and senescence of the remaining leaves and tillers,

then grain become full matured and ready to harvest.
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2.6.4 Rice plant and water environment adaptation

Rice is one of the few crops able to witmstagperiods of partial or even complete
submergence. One of the adaptive traits of rice is the constitutive presence and
further development of aerenchyma which enables oxygen to be transported to
submerged organs (Parlaeti al, 2011). Aerenchyma comprées gasfilled spaces

within plant tissue and is considered anatomical adaptive traits for survival under
flood conditions Thi s adapt at i o nabilityi tmmiakis@b nutterts p | an
(Shymashreeand Bisht, 2012).Aerenchyma tissues facilitate oxygen fuaion

through continuous air spaces from shoot to.root

However,complete submergence due to frequent flooding can adversely affect plant

growth (RRI, 2006.

There was a notion that rice can grow better and produce higher yields when grown
under flooeéd conditions with high investment in higher doses of fertilizer
application. Contrary to this popular view, when rice is grown under alternate
wetting and drying conditions, (SRbgttercrop performance and higher yields were
observedStanding water, ifiact, suppresses ygtby limiting the ability ofroots to
respireandd | ows down t he ($hiynamshteédnd BishteZ0E2)Moidt i s m
conditions as opposed to floodingcreasessoil aerationand thereforehelps in
improving soil biology and thus effps in better nutrient availabilitf\WWF-
ICRISAT, 201Q. Roots ofthe rice plant can grow deeper and better able to explore

more nutrients and better performance.
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2.7 Rice Varieties in Zanzibar

Rice Oryza satival.) is thought to have been broughtZanzibar and Kilwa by
tradersfrom the far Eastbout 2000 gas ago (Carpenter, 1978; Lu and Chang,
1980).According toKoenders, (1992) some rice varieties that were available by then
included - Ringa which wasa late mauring varietyof up to 150 daysOthers were
Kidowa Supa Kidimu, Kaniki, Malikora, Mzurihajipambj Hakuwawiki Some of
these varieties areare andothersrarely exist Through introduction of modern
varieties mostly from IRRla number of improved varieties are now availadohel
include IR64, BKN, BKNSupa,SUPA INDIA, TXD88, SUBANG, and TXD306 or
SARO 5 (the variety introduced from Tanzania Mainlafldamima Mzee field
officer, Irrigation Department Zanzibarpersonal communication) NERICA
varieties someof which arestill under tials include:line IR 08M110, lines IR 07A
166 and IR 773733-3-7-19-B (Khatib et al, 2013). SUPA BC is a lowland rice
cultivar developed through mutation breedamgdwas recentlyeleased in Zanzibar

with high performance in grain yiel@Khatib et al, 2013)

2.8 Conventional Method of Irrigated Rice Cultivation

Most of irrigated rice worldwide is grown under flooded conditiodscording toDe

Datta, (1981)most of the irrigated rice in central Luzand in other parts of Asia is

grown under floodd condi ti ons. L asncdnsispsroe gmwakinga t i o n
plowing and puddling (i.e. harrowing under shallow submerged conditions).
Puddling is mainly done for weed control, but also increases water retention and
reduces soil p e r nhe laveling and transplamtingl (Dee Rastee s Y ¢

1981).
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The samefield preparation appliesn Zanzibar However the actual water
requirementgor rice aremuch smaller than the amounts apglby farmersn their
fields. In practiceundertraditionalmethod, farmers pepare their nurseries and start
transplantingvhen they feethatit is easy to uproot and handle the seedlings, (about
21 days to more than 30 days). There is no specific number of seedlingh pbet hi
normallyabout three seedlings are used pkr Rloodingrice fields is considered an
easy wayof weed catrol coupled by handveeding. Terminaldrainage might
sometimesbe doneduring fertilizer application antew days before harvesting just

to allow field to dry for easef harvesting.

2.9 System of Rice Intensification (SRI)

The System ofRice Intensification (popularly known as SRI) is an alternative
methodology of rice cultivation instead of traditional flooded cultivajoactice

The methodologydevelopedn the 1980s in Madagaschy Fr. Henri de Laulanié
(Uphoff, 2009. It is a set of agronomic management practices for rice cultivation
that can enhancgeld (Kabir and Uphoff2007; Namaraet al, 2008; Senthilkumar

et al, 2008) while reducing water requirements (Satyanaragdrel., 2007). SRI

rice cultivation involves agronomic changes which include the use of much younger
seedlings (814 days) than are normally transplanted, planting them singly and
carefully in a square pattern with wide spacing in soil that is kept moist but not
continuously flooded, and with increased soil amendments of organic matter and
active aeration of top soil during weed control operation preferably with a

mechaical weeder Kabir andUphoff, 2007;Shymashree and Bisht, 2012).
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2.9.1 Seeding ageunder SRI

The key to success with SRI is early transplanting, i.e., before seedlings are 15 days
old (before the fourth phyllochron), and as early as B0 days (Uphoff, 2000). The
growing conditions under SRI facilitate an optimum environment for tillering
expression by early transpiang. Early transplantation in conjunction thviother
practices allows a greater realization of the tillering potential of rice plants
(Association TefySaina, 1992)When rice seedlings are transplanted at the right
time in termsof age, tilleringand growth proceed nmally, only fewer tillers are
produced during vegetative period leading to poor vyield if transplanting is delayed

(Mobasseet al, 2007)

SRI usesmuch younger seedlings-@@ days old) compared to 3 to 4 weekd ol
seedlings in the traditiondlooded system. Transplantation of young seedlings at
shallow depth of water results in quick recovery and establishment and production of
more effective tillergBiswas, 201D Manjunathagt al (2010) observed that 9 days

old seedlings produced significant higher grain yield than aged seedlings viz. 15
days.Partha and Samsul (2011) observed higher grain yield in 10 days old seedlings
transplanted at 30m x 30cm compared to 12, 14, 16 and 18 days old seedlmgs

Ultra Pradesh

Ali et al. (2013) conducted experimeim Bangladeshto observe the effect of
seedling age and water management on the performance of Boro rice vafdy BR
han 28 andound out that transplanting of younger seedlings in combination with

intermittent irrigationproducedhe best results in tiller production, growth dynamics,
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yield and vyield contributing factorsAdoption of younger seedlings, shallow
irrigation and mechanical weeder recorded a higher number of tillers at tillering stage

(Suryaet d., 2011).

2.9.2 Plant spacing underSRI

SRl is a practice which uses agronomic modifications which includespolations

of plant spacingPlant spacing is an important production factor in transplanted rice
(Gorgy, 2010).Plants largely depend on tperature, solar radiation, moisture and
soll fertility for their growth and nutrition requirements.is necessary to determine

appropriate plant populatdor obtaining maximum yieldBalochet al (2002).

Densely populated crops havemitations in maimum availability of these
requirements Wider spacing is one of the aspects of agronomimimaations.
Khem and Ram(2012 observed higher number of tilleirs 25 cm x 25 cm spacing

and produced higher grain yietdmpared to 15 cm x 15 cm, 20 cm x@0 and 25

cm x 25 cm spacingMohamedianet al. (2011) in their studyon yield and yield
components in different plant spacingscorded high rice yield in plant spacing of
20 cm by 20 cmSeedlings planted widely spaced, in a square pattern facilitate
weeding as well as to give more space between plants, more sunshine and air and can
produce more tiller§Shymashree and Bisht, 201R)ore of these tillers will become
fertile and produce grains of ric&ripathi et al. (2004) reported that the yields
obtained under SRI system from tepacing 20cm x 20 cmproduce significantly
higher grain yields (8821 kg/hapmpared t&80cmx 30 cm (7627 kg/haand 40cm

x 40 cm (5747 kg/ha).
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With more space in which to grow, riggantsroots become larger and are tbet
able to draw nutrients from the soil. This enables rice plants to produce more grains
(Association Tefy saina, 199Zrom the above explanatighis evident thabeside
cultivar o6s p ot espacingdor a pattitukr locatprt hasn to nbe

determined througlield experimentation

2.9.3 Water use underSRI

Water saving potential is one among the attractive features of BRter
requirementunder SRl method is considerably low compared to conventional
flooded systerm Hameedet al. (2013. Mohammed and Shuichi (2007) conducted
experiment to assess water saving for paddy cultivation under SRI in Indonesia and
observed that SRI can achieve significant high output of rice with reduction in
inputs, enchasing simultaneously the productivity ofoueses (land, water and
capital) used in irrigated rice production. With SRI practice, water use for irrigated
rice cultivation is reduced by Z50% (Shymashree and Bisht, 201@n average,

31% and 37% of irrigation water were saved with SRl methodsefcaltivation in
Andhra Pradesh compared to the best management practice under continuous

flooding (Gopalakrishnamet al., 2013)

Yuan (2002) reported that the water applications couldedeced by as much as
65% N SRI plots compared with conventionaigated ones andt thesame time
yield was 16 t/ha in trials with auperl hybrid variety grown unde8RI methods.
The yield was35.6% higher tharthe 11.8 t/haachieved with he same hybrid in

conventionalvater intensive methods.
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Using less water forice production can increase water availability for other crops,
promoting diversification of crops and for other sectors suchdasestic and
industrial usesOne social benefit, hard to quantify, is the advantage of reducing the

amount of onflict overwater (Uphoff, 200

2.9.4 Yield levelsunder SRI

The System of rice intensification (SRI) is an innovation in peeduction systems

that arestill evolving and ramifying, but already it is raising productivity. In areas
where SRI has been practicdtere is an increase in yields. Nyaneial. (2012)
observed overall SRI production system gave better yield and productivity results
than the conventional flooded system in Kengxperiment conducted in West
Bengal indicatedthat paddy yields with SRI were higher than those under
conventional paddy cultivatoby 32% (Sinha and Talati, 200Khem and Ram,
(2012) observed similar results in IndRartha and Samsul (201 bbserved highest

yield with 10 days old seedlings West Bengal

2.9.5 Water productivity and water use efficiencyunder SRI

2.9.5.1 Water productivity

According toMolden and SakthivadivélL999)water productivity (WP) islefinedas

the physical mass of production or the economic value of production measured
against gross inflog; net inflow, depleted water, process eéégd water, or available
water Water productivity denotes the amount or value of product (in this case, rice
grains) over volume or value of water used, in other words, crogrpp(Jianxinet

al., 2008)Water productivity is also defined as the ratio of the nbenefits from
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crop, forestry, fishery, livestock, and mixedricultural systems to the amount of
water required tgroduce those benefits (Stedwbal, 2007).Water productivity
(kg/m®) is defined asrop vield (kg) per accumulateattual evapotranspiration for

the growing season (n

Humphreyset al. (2006 emphasise that in computing WP, it is important to specify
which water is being considered produce thatamount of grain (rice)water
consuned asevapotranspiration (WH), or supplied as irrigation (WR or the total

input of irrigation and rainfalWP:r).

Fonteh et al. (2013) conducted experimenth Cameroonon effective water
management practices in irrigated rice to ensure smmairiy and mitigate climate
change in a tropical climate and found tkia¢re wassignificant variation in crop
water productivity betweencontinuous flooding regime (0.285 kg/m®) and

intermittentirrigation (0.537kg/m°).

Similar results were observed biombe (2012)at Mkindo irrigation scheme
(Morogoro, Tanzania)n his experiment to evaluate the performance of SRI in
Tanzaniaon saving water and increasing rice yield as an adaptation strategy to
climate changand variability by smallholder rice farmer&ombe @012 observed

SRI method registered theghest water productivity of 0.4kg/m® as compared to
0.136 kg/ni in continuous flooding conditiondn this study WPas described by

Humphreyset al. (2006)will be adopted
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2.9.5.2 Water use efficieny

Water use efficiency is a term commonly used to describe the relationship between
water (input) and agriculture product (outpBairweathelet al.,1999. Barrettand
Associates (1999) correctly point out that efficiency is in fact a dimensioeess
obtained by dividing figures with the same units e.g. volume of water used (output)
divided by a volume of water supplied (input). Consequentlytaghesof produce

per megalitreof water used is an index, nefficiency. This commomissuse ofthe

termi wat eegf fuiscei ency o has dmrtesastudydhe defingient ¢ o n
by Barrett and Associates, (1998ill be adoptedWater use efficiency (WUE}an

be defined as the grain yield of irrigated crop in hiegdivided by actual
evapotranspiratio, (mm) Barrettand Associates, 199€Equation 7)

grainyield (kg/ha) . . . . o 4 o

WUE = ——————— e eééeéeeéeéééééeeceee.éee(n
Evapotranspiration {mm)

2.10 Performance of SRI in East Africa

SRI was introduced in Taamiain 2006in Kilombero rice pantation in Morogoro
region (SRFRICE, 2014). Until 2012 more than 100 SRI demonstratats have
beenestablished by USAID funded NAFAKA project. Theaim was to scale up and
reach 5000 smalcale farmersOther areas that have adopted SRI ficadnclude
Mkindo irrigation £heme and Dakawa in the eastern zone of TanZ@h&practice

has spreadp to the northern regions of Kilimanjaro and Mwalgatambareaet al,
2013). Through SRI practice, farmers in Mkindo managed to raise their rice yield
from 3.83t/ha in conventional method to 8/Ba and reductioby 76% of water use

in SRI (Kombe, 202).
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Onthe other handhe System of Ricéntensification (SRI) was introduced Kenya

to farmers ofMwea irrigation schemethrough a multinstitutional collaborative
research project in 2009 (Madt al, 2011) In the same locatiqQrSRI gave higher
average grain yield (14.85 t/ha) than the conventional flooded system (8.66 t/ha)
(Nyamaiet al, 2012. Besides thehigh yields obtained in SRI, amount of seeds used
was little since seedlings were transplanted siragflya wide spacingBy virtue of

using \ery young seedlings and quick transplanting time, many farmers viewed the
practiceasa tedious undertaking as very small seedlings need extra care to handle.
Moist condition is the preferred moisture regime in SRI and necessitate good

drainage networkn orderto drain excess water

2.11 Summary of Literature R eview

Rice crop is the leading consumer of irrigation water however, by using SRI water
use has been reduced by considerable amount contrary to the conventional method of
continuous floodingBiswas, 2010; Bouman and Toung,2001; IWMI, 2003}ain

yield and water productivitilas beemaised by using SRirinciples Water qualityis

the most important concern in irrigated agriculture since it can adversely affect the
soil properties and finally thgields and thereforecall for regularirrigation water

quality monitoring SRI practice besides its basic principles of using young
seedlings, wider square spacing, single seedlings, organic fertilizers amendments and
maintaining moist conditions duringafgs of the growing periodo enhance
productivity, is an innovation in rice production systems that is still evolving and

ramifying, creatingthe needfor morediversified researcfKatambaraet al, 2013)
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1 Description of the Study Area

3.1.1 Study location

The research was conducted Bumbwisudi rice irrigation scheme in Zanzibar
Island. The site is situated @6° 03Ng2NNpNd39° 15Nj E ArdjMPm above mean

sealevel, aboutl3 km North Westof Zanzibar towrFigurel.

3.1.2 Climate

Temperature of the experimental site fluctuates between the coldest and hottest
months and ranges from around@1o around 3%C. Relative humidity ranges from

73% to 88% between the hot and coldest months respectively. Rainfall is bimodal,
there is a long rain season from March to June and a short rain season from October
to December. The bimodal distribution of rainfall determitves growing seasons.
Mean annual rainfall is 1517 mm. Mean daily sunshine hours ranges from 6.6 hrs to
8.8 hrs during the cloudy and the clear months respectively. Mean monthly solar
radiation ranges from 16.2 MJday" in July (the coldest month) to18\8Jm?day*

in January (the hottest month) respectively. Evaporation ranges from 119.8 mm in
April to 174.7 mm. Wind run ranges from 2.3 ihte 3.6 m & in the calm and the
windy months respectively (Table During 2013 when theesearch was conducted

the annal rainfall was 1414.1 mm and its monthly distribution is shown in Table 2.
For the growing period September to December 2013, total rainfall was 535 mm and

its distribution is shown in Table 3.
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Table 1: Climatic parameters from Kisauni meteaological station-Zanzibar (1987%2012)

Month Jarualy Felruary March April May Jure July August  Sepgember October November December
Timax (C) 32.7 32.8 325 30.8 30.0 29.3 29.2 29.6 30.7 31.2 31.0 31.8
Trmin(°C) 24.5 24.3 24.6 24.5 239 23.0 22.2 21.2 21.3 22.3 23.2 24.1

RH (%) 77 77 81.0 84 82 80 76 76 77 79 84 82
Sunshir (hrs) 8.6 8.5 7.5 6.6 6.9 7.9 8.1 8.3 8.5 8.8 8.0 8.5
Solar  Radiaton 18.8 18.7 18.0 16.3 15.6 16.2 16.7 17.0 18.5 18.3 16.3 17.4
(MJ/nf/day)

Windrun (m/s) 34 2.9 2.3 2.9 29 3.0 3.6 3.6 3.4 3.1 2.4 2.5
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Table 2: Monthly Rainfall distribution (mm) at experimental site for 2013

Month  Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

Rainfdl 11.8 0.0 334.0 300.2 131.7 36.4 9.9 55.1 441 124.0 170.9 196.0

Table 3: Weekly rainfall distribution (mm) recorded at the experimental site from September to December 2013

MonthMWeeks 1% week 2" week 3% week 4" week Total
September 7.0 7.4 28.7 1.0 44.1

October 315 37.7 5.3 49.5 124.0
November 129.0 1.4 3.8 36.7 170.9

December 112.0 81.4 0.0 2.1 196.0
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3.1.3 Saoil

The soil of Bumkwvisudiin general is good, througibservation®f good crop starsd
and vegetation coveit is dark in colour andhasfairly good drainageo support
diversity of crops. Considering the geological map of ZanziBambwisudi soi

originated from Miocene sediments of shallow marine typainty marls, clays and
clayey sands. Thanderlying strataconsist of poorly consolidated but Wwbledded

calcareous sandstones atelritallimestonegJohnson1983).

3.2 Experimental Design

The experiment was laid out in a Randomized Complete Blasignd (RCBD) with
13 treatment combinations replicated three times duheglry (vuli) season from
September 2013 to January 20I1Rreatments were(i) 8 days old seedling
transplanted at 20m x 20cm spacing(2) 8 days old seedlings transplanted aic&b

x 25 cm spacing(3) 8 days old seedlings transplanted atc8®x 30cm spacing(4)

8 days old seedlings transplanted atc@b x 35cm spacing(5) 10 days old seedling
transplanted at 26m x 20cm spacing(6) 10 days old seedling transplanted at 25
cm x 25cm spacing(7) 10days old seedling transplanted atc80 x 30cm spacing,
(8) 10 days old seedling transplanted atc®b x 35cm spacing(9) 14 days old
seedling transplanted at 2m x 20 cm spacing,(10) 14 days old seedling
transplanted at 26m x 25cm spacing(11) 14days old seedling transplanted at 30
cm x 30cm spacing,(12) 14 days old seedlings transplanted atcB5x 35cm
spacing, and13) 21 days old seedlings transplanted at spacing of 20 &® em
with two seedlingper hill unde continuous flooding (conventional) or control. The

individual plot size was 2 m 4 m (or 8 m%) and the replications were separated
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using al m buffer zoneand40 cm betweemlots The treatments dails and layout

areshownin Figure2 andTable4 respetively.

Figure 2: Experimental layout (Randomized Complete Block Design)

T4 IZm T13 T3
“— 4m —> ‘}0_4 m
T6 —1m —» T2 T13
T10 T5 T2
T13 T3 7
- T11 T10
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T2 T8 Ik
T7 T12 T1
T12 T9 T4
T3 T10 T12
T11 T7 T5
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Table 4: Treatments details

Treatment Practice Transplanting age| No of Seedling| Spacng
(days) (No.) (cm)
T SRI 8 1 20 x 20
T2 SRI 8 1 25x 25
T3 SRI 8 1 30x 30
Ty SRI 8 1 35x35
Ts SRI 10 1 20 x 20
Te SRI 10 1 25x 25
T7 SRI 10 1 30x 30
Ts SRI 10 1 35x35
To SRI 14 1 20 x 20
T1o SRI 14 1 25 x 25
T SRI 14 1 30 x 30
T2 SRI 14 1 35x 35
Ti3 Control 21 2 20 x 20
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3.3 Methodology
The nethodology to achieve each of thimtedspecificobjectivesis described in the

following sections.

3.3.1 Characterization of soil and water quality for paddy rice production

Since croppeaformance is influenced bfertility status ofthe soil and quality of
water used to irrigate the crop, soil characterization was conductettheat
experimetal site. Soil samples were collected from four locations in the
experimental ploduring the monttof September 2013These samples were then
mixed thoroughly to obtain composite sampidich was sent to the Sokoine
University soil laboratory fomnalysis. Parameters used to define soil fertility status
were determine{Landon,1991) The following paraneters were analysedsoil pH,

cation exchange capacity (CEC), total nitrog#h, available phosphorous (P) and
exchangeable bases; calcium (Ca), magnesium (Mg), potassium (K) and sodium

(Na).

The pH was measured potentiometrically using glass elecpbdmeter in 1: 2.5

soil suspension as described by Maclean (1982l nitrogen (N) was determined

by Semimicrokjeldahl procedure as described by Bremmer and Malvaney (1982).
Available phosphorous (P)as determined by Olsen methodclkeangeable bases
(Ca and (Mg) were determined by ammonium acetate extract, potas@yrwvas
determined by flame photometer and sodiufNa) by atomic absorption
spectrophotometer according to Hesse (1971). Results obtained were judged

according to Landon (1991).
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Water quality analysis was conducted Sokoine University Soil Science laboratory
and the national wateraboratoryin Saateni Zanzibawhile physical analysis was
done through physical observation. Thedeatory analysis includes pH, electrical
conductivity (EC), sodium (Na) calcium (Ca), magnesium (M@nd hcarbonate
(HCGOg). Soluble salts in irrigation water are measured using the samenhetsials

as soil smples Cambeato, 2001).

The pH was measured potentiometrically using glass electrode pH mdescabed
by Maclean (1982)EC was measured lppnductvity meter.Na was measuredy
atomic absorption spectrophotometer according to Hesse (8@ Hnd Mg content
were determined by EDTA titration (Jacksoih959. Bicarbonate was determined
titrimetrically as outlined in Black (1965).The above mentioned chemical
characteristics are the most comnyomsed parameter for evaluationgrbundwater

suitability for irigation purposes (FAQ,985.

3.3.2 Determination of optimum transplanting age of sedlings under SRI
practice
In determination of optimum transplanting age of seedlings under SRI the following

activities were conducted.

a) Land preparation
The experimental field was prepared usingptough during the month of September
2013 and then itvas subdiided into 39 sub plots of 2 m & m. Plotswere then

levelledfor even distribution of water and nutrients. Super BC rice variety which is
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preferred by most farmers in the schefbecause of its palatability and promising

yield) was used in thexgeriment.

b) Nursery preparation
Nursery was prepared on 2 September 2013 on another plot and rice seeds were
sown on 6 September for all the treatments. Chick liter was applied as organic

fertilizer in nursery preparation.

c¢) Transplanting

Transplantnig was done manually when the seedling ages was 8 days, 10 days, 14
days and 21 days respectiveBirst transplanting was done on Beptemberthe
second transplanting was on Beptemberthe third transplanting was on 20
Septembernd for the controltiwas done on 26 September 2013. Transplarting
SRIwas done using a single seedling per hill on a square pattern at different spacing
rangingfrom 20 cm x 20 cm to 3Bbm x 35 cm as desbed in (Table 4. Seedlings

were removed from nursery with the Ipebf stick during uprooting because they

were small and to avoid root trauma.

3.3.3 Determination of optimum spacing that gives maximum productive tillers
and yield

Spaang that gives maximum productive tillergas obtained by transplantingjngle

seeding per hill on a square patterndifferent spacinganging from20 cm x 20 cm,

25 cm x 25 cm30 cm x 30 cm and 36m x 35 cm a described in (@ble 4.

Optimum spacing was determahdy counting the number of productive tillers
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(tillers that bear grais) in eachireatment.The teatmentin which thenumber of

productive tillersproduced tgh grain yieldwas considered as optimum.

3.3.4 Evaluation of water productivity and water use efficiencyunder SRI

practice and conventional method
In order to beable to determine crop water productivity the cumulative amount of
irrigation water applied to the treatmsand yields were determined. Th@aeunt of
water inpt was measured usirgV-notch wer by measuring depths of floabove
the weirfor each irrigition application and duration of irrigatievasrecorded The
crop water productivity was determined by dividing the grain yield by accumulated
irrigation water. Water use efficiency was determined by dividing the grain yield by
accumulated waterevapdranspiated by the crop to produce that yiel@he
computation of discharge and irrigation water input were detedmiusing the
equation from the International Organization of Standards publication 4371 (ISO,

1984)(Equation 8)

_ 19 (h 5)% G A A A AL AAAA LA LA
Q= 2(/).79 tan eéecéeéececeececeée @®)
Where:h = measured water depth in m

Q= discharge in rils
d= apex angle in degrees
g= Acceleration due to gravity 9.8066 m/é

Discharges were multiplied by irrigation time to obtain volume of water applied.

The following agronomidnterventionsvereimplementecl
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a) Fertilizer application

The above mentiomk objectives were successfully achievedth proper crop
husbandry which includetertilizer goplication and regular weedin@rganic and
inorganic fertilizers wee applied in combination. For the organic fertilizer chick
litter was applied at a rate of @D kg/ha applied 2lays before first transplanting
while Triple Super Phosphate (TSP) was applied during transplanting at a rate of 25
kg/ha. Urea 46% N was applied at a rate of 125 kg/ha in two splits; one at two weeks
after transplanting just after firsveeding and the other at eight weekier

transplanting

b) Weeding

First weeding was dorte/o weels after transplanting using hand hoe and subsequent
weedingwasdone at 1(lays intervals using push weedeMWeeding was done five
times during the exgrimental periodThis frequent weeding wasrasult of vigorous
weed developmerfavouredby alternate wetting and drying; the key component of

SRI.

34 Data Collection

34.1 Climatic data

Climate datawere collected from Kisauni metelogical staton about 6km from

the study aregTable 1). The data included average maximum and minimum
temperatures in°C), average rainfall and evaporation in (mm), mean relative
humidity in (%), mean solar radiation {MJ/m?/day), mean sunshine hours in (hrs)

andwind run in knots. Rainfall data for thetudy year 2013 were collected from
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Kizimbani agricultural stationabout 3 km from the study areand theyare

summarized in (@ble 3.

3.4.2 Crop performance

Crop performance was monitored throumbservation ad field measurements of the
following growth paramets: number of tillers per plardn a weeklybasisand pant

heighs (from soil surface to the tip of epical leaf) each plot three plants were
randomly selectedly zig-zag walkingand marked for croperformance monitoring

and the average figure was taken and recorded. Number of tillers was recorded on a

weeklybasisstarting from the second week after transplanting.

34.3 Yield and yield components

Total number of tillers and productive tillersrgell were taken at maximum tillering

time and during harvesting. Grain yield and total biomass were measured after
harvesting by digital electronic balance when ricargmoisture content was at%6

Yields of all treatments were then compared. Quadrahim x 1 m located at the
centre ofeach plof(to avoid edge effectjere harvested for the yield measurements.

Entire plants above the groundthe quadranivere harvested.

34.4 Irrigation water monitoring

Irrigation water management was monitbreinder two scenarios. @ was
continuous pondingn the control plots throughout the entire growing period up to
two weeks before harvesting time where irrigation was stopfesisecond one was

alternate wetting and drying (SRI). The time for the nexgation was determined
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through physicabbservation. The appearance of fine cracks in the soil determined

subsequent irrigation.

3.4.5 Crop water productivity

The amount of water used during the entire period of crop development was
measuredis describd in section 3.3 and cumulative amount were determined and
used together with grain yield to determine the crop water productivity and land

productivity.

Water productivity (WP) was calculated as the ratio of grain yield to total water used
(TWU) throwgh irrigation and rainfall, expressed in kd/fPereira,et al, 2012
Humphreyset al., 2006) Belder et al. (2004) in astudy on the effect of water
saving irrigation on rice yield andater use in typical lowland conditions in Asia,

alsoexpressed watgroductivity as the grain yield by total water input.

34.6 Crop water use efficiency

Crop water useficiency is definedoy agronomists as crop production (kg) divide
by evapotranspiration (mn{Barrettand Associates, 199@quation 7). Water use
efficiency (WUE) was determined by dividing the grain yield of irrigated crop in

(kg/ha)divided by aatal evapotranspiration, ETc (mm)

grainyield (kg/ha) ., , . L L . . . . . . s s s o2

WUE = ——————— geeeceeeééééceceee.ee(nN
Evapotranspiration {mm})
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Crop evapotranspiration (EYcwas computed by the product akference
evapotranspiration (ETo) and crop coe#iti (kc) values for the respective growth
stages of a crop. ETo was computed using ETo calcudaftware (Raes, 2009).
ETc=EToxké é ¢ 6 é6ééééécécééééeéccéééeceéeéée. (1)
Where:

ETc = crop evapotranspiration (mm)

kc =Crop coefficient of a crop depends oe tirowth stagéTable 5.

ETo = Rderence evapotranspiration (mm/day).
Monthly ETc wasdetermined by multiplying daily ETby number of days in a
month andseasonal crop evapotranspiration was comphtedddition of monthly
ETc.
Seasonal crop water neigements for rice during drvuli) season is about 612 mm.
(Table6). The valuewasobtained by multiplyingeference evapotranspiien data
by crop coefficient (kc) values stawty the nitial stage of rice cron the month of

September.

Table 5: Kc values for paddy rice

Climate Little wind Strong wind

Growth stage (days) Dry Humid Dry Humid
0-60 days after transplant or direct sowing 1.1 1.1 1.1 1.1
Mid-season 1.2 1.05 1.35 1.3
last 30 days before harvest 1.0 1.0 1.0 1.0

FAO, 1986
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Table 6: Seasonal crop water requirements ETc (mmifor paddy rice

Months September October November December January Total
ETo (mm/day) 4.4 4.3 4.0 4.1 4.7
Kc 1.1 1.1 1.06 1.03 0.5
ETc (mm/day) 4.8 4.7 4.2 4.2 2.4
ETc (mm/month) 144 141 126 126 75 612

34.7 Water quality analysis

Irrigation water qualitywasassessed iterms of its quality parameters by laboratory
determination ofmost importantwater quality parametershe pH, total dissolved
solids measurkin electrical conductivity (EC), sodium conteneasured in sodium
adsorption ratidSAR) and bicarbonateResults wereompared with the ones in the

guidelinesfor evaluation of water quality for irrigatiafTable11).

3.5 Data Analysis

Data for padds growth and yieldparameters (plant height, number of tillers,
productive tillers, grain yield, total biomagster productivityirrigation water, and
water use efficiengyall were subje@d to ananalysis of variance (ANOVA)
according taGomez and Goer (1984)using Genstatomputersoftwae. Treatment
means separation wasdone byusing Tuk ey 6 s st ude nat O580e d

confidence limit(Sternet al, 2001).

r

a
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CHAPTER FOUR

4. RESULTS AND DISCUSSION
4.1 Soil Physical andChemical Poperties
Results for soiphysial andchemical properes ae summarized in @ble7) and the

description s as follows.

4.1.1 Soil pH

The pH of Bumbwisudi soil is 7.2&ndit is within theneutralrange of (6.6 7.3)
which is suitable for most field cropsSamantaet al (2011) conducted Land
suitability analysis for rice cultivation based on mugliteria decision pproach in
Morobe Province, Papua New Guingmough GIS and adopted the criteria for its
suitability rated as I suitable 2 moderately suitdb and 3i unsuitable for rice
cultivation (Table8). Since the Bumwisudi soil pH is within the range of moderately

suitable; it can be judged astable for irrigated ricgproduction

4.1.2 Soil texture

The results shoed that the soil of the studyea had 5% sand, 13% silt and 33

clay. From the soil texture triangle the Bumbwisudi soil is sandy clay loam which is
suitable for rice cultivation (De Dettda981) Such type of soil isapable of holding

water for long period and suppgutod rice crogChatterjee and Maiti, 1985).
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Table 7: Physicochemical properties of soil of experimental site

Chemical property Quantity Description
Sand 54

Silt 13

Clay 33

Texture Sand clay loam Suitablefor rice production
pH, 7.28 Neutral
Cation exchange capacity (CEC) (cmol/kg) 26.4 High

Total Nitrogen (%) 0.12 Low

Exchangeable bases

Calcium (C&") (cmol/kg) 8.65 Medium

Magnesium (M§") (cmol/kg) 2.2 Medium

Potassium K(cmol/kg) 0.01 Very low

Sodium (N) (cmol/kg) 0.50 Medium
Extractable Phosphorous (P) (mg/kg) 2.68 Low

Table 8: Soil pH, nitrogen (N), phosphorus (P) and potassium (K) suitability

rating for rice

Soil pH Rating Nitrogen  Rating Phosphorus Rating Potassium Ratirg
(%) (Ppm) (Ppm)

6.0-7.0 1 High(>0.5) 1 High >20 1 High >20 1

7.0-8.0 2 Moderate 2 Moderate 2 Moderate 2
0.2t0 0.5 10to 20 10- 20

5.0-6.0 2

<5.0 3 Low <0.2 3 Low <10 3 Low <10 3

> 8.0 3

Source: Samantt al, 2011
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4.1.3 Total nitrogen (N)

The nitrogen content of Bumbwisudi irrigation scheme soil was 0.12% (Table 7).
According to landon, (191) (Table 9) and (Samantat al., 2011) (Table 8); this
amount is low. Low nitrogen levels are common in humid tropical soils and might be
attributed to poor soil fertility management practices and this was evident during the
experimental period, few farmers were observed to apply organic fertilizers. It was
also observed that animals were grazed in rice plots therefore low N contribution
from crg residues.Very low nitrogen level in Bumbwisudi (0.14%) was also
observed by Hamad (2000). According to Ponnamperuma (1972) is low for normal

rice growth.

Table 9: Rating of soil fertility

Very low Medium High Very

low high

Organic matter (%) <1.0 1i 2 21 4 47 6 >6

Total nitrogen N (%) <0.05 0.0510.1 0.1V 0.2 0.21 0.3 >0.3

Exchangiable Ca (cmdVkg) <2 215 57110 107 20 > 20

Exchangiable Mg (cm6i/kg) <05 05715 1.5i3.0 3.0i 8.0 >8.0

Exchangiable K¢mol*/kg) <0.1 01703 037106 06712 >1.2

Sum ofexchangeable <30 03775 757115 15-30 > 30
bases(cméP/kg)

Available P (mg/kg) - <7 77 20 > 20 -

Source Landon, 191

4.1.4 Exchangeable calcium (Ca)
The calciumcontent ofthe soils atBumbwisudi irrigation schemeas 8.65cmol/kg

soil (Table 7). According to Landon(1991) (Table 9); this amountis high and
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probably is associated with the soil parent material being of limestone and sandstone
(Jonson, 1973)Comparing with theresults obtained byHamad (2000)(3.03
cmol/kg) Ca content in soil waew indicating considerable ingase in calcium

content and might be added from #pplied irrigation water.

4.1.5 Exchangeable magnesium (Mg)

Magnesium content in Bumbwisudi seylas 2.2 cmol /kgTable 7) This amount
was rated as medium according tardon, (1991 (Table 9). Hamad, (2000)
observed similar result (2.31 cmol/kd)he results showed that the Mg content is
fairly constant. This situation might be attributiedoontinuous flooding method of
irrigation. Flooding of paddyfields may cause leachingf soluble plant nutrients
including Mg Another causef small increment irMg contentin Bumbwisudi soil

is the removal of paddy straw lgyazing cattldrom the paddyfields andvery low

rates of organic matter applicatidrhis situation was observed during study period.

4.1.6 Exchangeable potassium (K)

The exchangeable potassium in Bumbwisudi soil was &m@dl/kg soil (Table 7)
According to Landon(1991) (Table9); this amount is very low. bwevet according

to Samantaget al. (2011) the amounsilow and thereforethe soik arenot suitable for

rice cultivation. Potassium is important in regulating water use efficiency in plant
(Mengel and Arneke, 1982). The openind stomata is associated with the

concentration of Potassium surrounding the stomata.
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4.1.7 Cation exchange capacity (CEC)

Cation exchange capacity of tiseil of experimental area was 26.4 cmol/&gil
(Table 7). According to(Landon,(199]) (Table9), this value is considered as high.
When considering individual exchangeable base, large proportion of CEC was
contributed by large amount of exchangeabl& @ad large amount of exchangeable
C&" might be associated with the lime parent materials underlyia sdi (Jonson,

1973).

4.1.8 Extractable phosphorous (P)

Results showed that the soil of the experimentahsite2.86 mg P /kg soil éble7).
According to Landon(1991) (Table 9),this amounts low. Thelow P value might

be the resulbf intensve rice cultivation with suboptimal application of P fertilizers
and removal of rice straws after harvestlicating the necessity of high Brfilizer
amendments. The practice of removing rice strex&s observed oncafter harvest
cattle were grazed inice plots removell stravs which after decomposition is a
good source of P in the plots. Phosphorous in plant influence root development
particularly of the lateral and fibrous roots.sttengthenshe straw in cereal crops

and therefee prevents lodgig (Brady and Wil, 2007)

4.2 Determination of Water Quality for Paddy Rice Rroduction

The results for wateanalysis ee shown in Table 10t was said in advance that the
water quality is assessed in terms of its quality parameters; the pH, dissolw=d
measured in electrical conductivity (EC), sodium content measured in sodium

adsorption ratio (SAR) and bicarbonate being the most impartees.
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Table 10: Chemical properties of Bumbwisudi irrigation water source

Chemical poperty Quantity  Normal ranggFAO,1985)
pH 8.26 6.57 8.4
Electrical conductivity (EC) (dS/m) 0.53 <3.0dS/m
Sodium (N) (me/l) 6.5 0-40
Calcium (Ca) me/l 4.8 0-20
Magnesium (Mg) me/I 29 0-5
Bicarbonate (HCg) (me/l) 4.3 <85
Sodium adsggtion ratio (SAR) (me/l) 3.3 <9.0
4.2.1 pH

The pH oftheirrigation water at Bumbwisudi irrigation scheme was 8.26 (Ta0)e
According to the guidelinefor evaluationof irrigation water quality accepted pH
range for irrigation water is from 6t6 8.4 (Ayers and Westcott, 1985). Since the pH
value is within the standard range for irrigation, the Bumbwisudi water source could
be judged as good for irrigation purposes. The value is close to the maximum limit of
accepted pH, care must be taken isugimg that the pH does not shift outside the
normal range through regular seasonal monitoring to check if there are additional

basic cations in the irrigation water that would slightly elevate the pH.

4.2.2 Electrical conductivity (EC)

Electrical condativity (EC) of Bumbwisudi irrigationwatersourcewas 0.53 dS/m.
According to water quality standards it is within the range of none restrictiens,
less than 0.7 dS/m. According to guideline for evaluation of water quality for
irrigation (Ayers and Wetcott, 1994), water with EC values less than 0.7 dS/m and

TDS values less than 450 mg/l has low salinity level and non restrictions on use
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(Table1l). The irrigation wateused in the study aremn therefore be classified as
having low salinity hazardsnd can be used as source of irrigation water without

restrictions and may not pose any injury to the crops.

Table 11. Guidelines for evaluation of water quality for irrigation

Potential irrigation problem Units Degree of restriction on use

None Slight to moderate Severe
Ec, dS/m <0.7 0.7-3.0 >3.0
Sodium (N)
Surface irrigation SAR <3 3-9 >9
Bicarbonate (HCg) me/l <15 1.5-8.5 >85
pH Normal range 68.4

SourceFAO, 1985

4.2.3 Sodium (N)measired in sodium adsorption ratio (SAR)

The sodium content of Bumbwisudi water source was 6.5 me/l while SAR was 3.3
me/l (Table10). Accading to the guideline for evaluation of water quality for
irrigation (Table 13 amount of sodium present is within thecepted range and can

be judged as free from sodium hazatldswy value of SAR it implying that there is

no influence of sea water intrusion in the water source of the studySA&ais

determined using equation (6) or NomograpAgpendix 1.
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4.2.4 Bicarbonate (HCQ;)

Bicarbonate (HCg) content inthe Bumbwisudirrigation water was 4.3 me/l. The
bicarbonate conterflall in the range ofslightly to moderate in the guidelirfer
evaluation of water quality for irrigationSince the (HCg) value is withinthe
standard range for irrigation, the Bumbwisudi water source could be judged as good
for irrigation purposegBauderet al., 2007 FAO, 1985. Referring to Tablell,

water can be used for irrigation but with slighthoderate restrictions on use.

4.3 Effect of Seedling Aye and Spacing on Tlering Pattern

Tillering patternis shown inTable 12 There was no additional tiller during the first

week and tillering started effectively on the second week after transplanting and this
might be attribugd tothe plant recovery timel'here was significant difference in

tillering ability among treatments, treatment (8 days, 2k 20 cm) spacing andgT

(14 days20x20cm) wer e statistical liyyldsdayg, X f i can
25 cm) was statisticigl different to T, (8 days seedling age, 2020 cnj). Except for

T1, the rest of the treatments waret statistically significanat (P O 0. 05) .
number of tillers was observed at 8 days seedling age and spacing 20 cm x 20 cm.
while Ty recorded théowest number of tillers at this stage. This could be attributed

by the delayed transplanting ofoWhen To was transplanted a weekda, T, was

already established. Transplanted rice takes little longergemed to start tillering

as it first needsnore time torecover from transplanting shock (Veeramanial,
2012).During the second week after transplanting,(T0 days, 20 x 20 cm),gBnd

T1o werestatistcally differentto T, at (P O0.05).



52

Table 12 Effect of seedling age and spacing on tillering pattern at different growth stages of rice under (SRI)

Treatment combination Number of tillers
2" week 39 week 4" week 5" week 6™ week 7" week 8" week

8dys20x20 7.333b 15.000 b 20.00d 33.67 ef 35.67 de 38.33 abc 39.00 abc
8dys 25x25 4.667 ab 11.333 ab 18.00 bcd 35.67 fg 38.33¢€ 45.67 cde 46.00 cde
8dys 30x30 6.333 ab 9.667 ab 19.00 cd 37.33¢g 42.67 f 48.00 de 49.00 de
8dys 35x35 5.333 ab 10.000 ab 20.00d 41.00 h 47.00g 49.67 e 49.67 e
10dys 20x20 4.667 ab 8.000 a 15.67 abc 29.33 bcd 32.33 bed 41.67 abcd 42.33 abcde
10dys 25x25 4.667 ab 8.667 ab 13.67 a 29.33 bcd 32.33 bed 35.67 a 35.67 a
10dys 30x30 4.333 ab 8.667 ab 15.00 ab 30.67 cde 33.67cd 4367 bcde 45.33 cde
10dys 35x35 5.333 ab 11.667 ab 20.67d 32.67 def 35.67 de 41.33 abcd 42.00 abcd
14dys 20x20 4.000 a 8.000 a 14.67 ab 24.67 a 27.33a 36.67 ab 37.33ab
14dys 25x25 3.333a 7.000 a 13.00a 24.00 a 26.67 a 35.33a 36.00 a
14dys 30x30 4.333 ab 10.000 ab 17.33 bed 26.00 ab 29.00 ab 42.67 abcde 43.67 bcde
14dys 35x35 5.000 ab 9.333 ab 17.33 bed 28.67 bc 31.67 bed 40.33 abcd 40.67 abc
21dys (Control) 5.000 ab 9.333 ab 14.67 ab 27.00 ab 30.00 abc 38.33 abc 38.67 abc
Mean 5.03 9.74 16.85 30.77 34.03 41.33 41.95
F. probability 0.017 0.019 < 0.001 < 0.001 <0.001 <0.001 <0.001
S.E 1.05 2.165 1.212 1.166 1.352 2.609 2.455

CVv 20.9 22.2 7.2 3.8 4.0 6.3 59
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All the rest of the treatments wemet statisticallys i gni f i c antbutTawas ( P O

statistically different to the rest of the treatments in terms of tiller production.

In the third week after transplantirige results showed thatgT{10 days, 25 X5
cm).and T were statistically different to1] T, (8 days, 25 cm x 25 cmi)z (8 days,
30 x 30 cm), T, (8 days, 35 x 35 cm),gI (10 days, 35 cm x 35 cm)441(14 days, 30
x 30 cm) and Ty, (14 days, 35 x 35 cm).zWas statistically different toe] T+, To,
Ti0and T3 (control). The treatmentglrecorded the highest numbertdfers while

Tiorecorded the lowest number of tillers.

During the fifth weelkafter transplantind’s and T were statistically different to 1]
To, T3 T4, Ts, Te T7, Tgand Ti1. T4 recorded the highest number of tillers whilgy T

recorded the lowest nuyar.

During the sixth week after transplantittge number of tillers in treatments, T,

T3 T4, and & were statistically different withg] T10, T11 and .

During the seventh weedfter transplantinghere was significance difference in tiller

prodiction between Fand T, Ts, T, Ts, To, T10, T12, @nd .

During the eighth weelafter transplantingl, (8 days, 35 x 35 cm) recorded the
higher number of tillers ands 110 days, 25 x 25 cm) recorded the lowest number. T
was statistically different td, T Tg To, T10, T1zand Ti3. In each growtlstage from

second week to week eighfter transplanting there is a common trend of tiller

production. Maximanumbes of tillersunder SRiwereobserved in young seedlings
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(8 days old)and minimanumbers oftillers wereobserved 4 days oldseedlingsat
transplanting.Young seedlings hadmple time to recover and skt production of
tillers earlier where older seedlings s&ylonger in nursery and therefore loose

potentid of producing more tillers (Mddsseret al, 2007.

In each of the treatments there vaasincrease in number of tillers as the age of the
plants increaseThis trend is shown in Figure 3, 4 and 5. The same trend of tiller
production was observed by Partha and Samsul (2011). Theywethser increase in

tiller number from 30 days aftéransplanting to 60 days after transplanting (8 week).
There was a gradual increase in tiller production between week 4 and week 6 after
transplanting (Figures 3, 4, and 5). Similar trend was also olasbgeontehet al,

(2013)

—*—— 20x20 = 25x%25 30=30 ——— 35x35 contral

60.0
50.0 |
400 |

300 -+

Number. of tillers

200 —+

10.0 -+

2 3 4 5 (& 7 s

Weeks

Figure 3: WeekKly tiller production for 8 days old seedling
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Figure 4: Weekily tiller production for 10 days seedling
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50.0
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Figure 5: Weekly tiller production for 14 days old seedling
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4.4 Effect of SeedlingAge and Spacing on Total Number of Tillers and

Productive Tillers Per Hill
Treatment (8 days 30 cm x 30 cm) was observed to have higher number of tillers
per hill (51/hill) compared to othetreatments (Figure)6and it wassignificanty
differentat ( P O, Us, T & Yo, Tio,0M1TT> and Tz (Table 13).However
T1, Ts, T, To, Tao, Tz, T12 and Tizweren o t significantly diff
Treatment Twas not signi ficant ITreatmentd, T €,Te nt at

and T7in terms of total tiller production (Table 13).

40

30

Tillers per hill

20 -

10 -

™M T2 T3 T4 715 T6 T7 T8 19 T10 T11 T12 T13
Treatments

B No. of Tillers  ®Productive tillers ™ Non productive tillers

Figure 6: Total tillers, productive tillers and non-productive tillers

There was no significant difference at
tillers per hill betweenreatments Tand T, but they are statistically significant tg T
and T3 (Table 13). The difference in the growth of tillersdaproductive tillers

amongtreatmens is shown in Figre 6 This situation was also observed by (Sinha
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and Talati, 2007, Shymhasee and Bisht, 2012). There was an increase of 44.8% in
the number of productive tillers in SReatment as compared to continuous flooding
treatment. The same trend was observed on the total number of tillers; there was an
increment of 27.5% in total mber of tillers in SRI treatment as compared to

continuous flooding (Table 13).
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Table 13: Mean effects of seedling age and spacing combinations on growth and yield pareters of riceunder SRI condition

Treatment No. of tillers  Prod. tillers Plant Grainyield Straw yeld Total biomass Harvest Water Water use eff.
combinations height (cm) (tons/ha) (t/ha) (t/ha) index productivity

(kg/m) (kg/ha.mm)
8dys 20x20 39.00 abcd 30.67 ab 76.33 a 7.38f 7.780b 15.16d 0.49 a 0.44 kc 11.882c
8dys 25x25 46.00 def 30.33 ab 83.53 a 5.68 abcd 5.850 a 11.53 abc 0.49 a 0.38 I 9.147ab
8dys 30x30 51.00 f 32.00b 79.77 a 6.413 de 7.320 ab 13.73 cd 0.47 a 0.42c 10.32&bc
8dys 35x35 49.67ef 32.33b 75.57 a 6.187 bcde  6.600ab 12.03 abc 0.45a 041k 8.70 ab
10dys 20x20 43.00 bcde 26.67 ab 73.67 a 6.347 cde 7.267 ab 13.61 bcd 0.47 a 0.45b 10.22bc
10dys 25x25 35.67 a 24.33 ab 79.20 a 6.690 ef 6.493 ab 13.18 bcd 0.51a 041k 10.773c
10dys 30x30 45.00 cdef  28.67 ab 7900 a 5.380 ab 6.480 ab 11.86 abc 0.45a 037k 8.663a
10dys 35x35 42.00 abcd 24.67 ab 79.47 a 6.187 bcde  6.820 ab 13.01 abcd 0.47 a 040 kx 9.962abc
14dys 20x20 38.00 abc 23.00a 84.33 a 5.990 abcde 6.783 ab 12.77 abc 0.47 a 037k 8.572a
14dys 25x3 36.67 ab 26.67 ab 74.33 a 5.140a 5.783 a 10.92 a 0.47 a 0.36b 8.277a
14dys 30x30 40.33 abcd 30.33 ab 79.00 a 5.603 abcd  6.620 ab 12.22 abc 0.46 a 040 kx 9.018ab
14dys 35x35 40.67abcd 27.00 ab 74.87 a 5.187 a 5.687 a 10.87 a 0.48 a 0.39 I 8.352a
21dys20x20 40.00 abcd 22.33a 73.00 a 5.283 ab 6.230 ab 1151 ab 0.46 a 0.24 a 8.508a
(Control)
Mean 42.08 27.62 77.85 5.9 6.59 12.49 0.47 0.39 942
F.prob. <0.001 0.002 0.305 <0.001 0.005 <0.001 0.154 <0.001 <0.001
S.E 2.452 2.886 5.553 0.315 0.584 0.741 0.023 0.029 0.7
CV 5.8 10.5 7.1 5.3 8.9 5.9 5 7.4 7.4
Means in the same column foll owed by the same |l etter(s) ar not

signi fica
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Table 14: Mean effects of seedlingge and spcing combinationson water productivity of rice under SRI

Treatment Grain yield Irrig.water Irr.+ Rain Irrig.water Irr.+ Rain .water ET. water Water use
combinations (tons/ha) (m) (m) productivity proctivity productivity efficiency
WP, (kg/n?) WP .r(kg/m®)  WPgr (kg/nt) (kg/ha.mm)
8dys 20x20 7.38f 13.45d 16.12d 0.44 bc 0.36 c 121c 12.059 ¢
8dys 25x25 5.68 abcd 12.05 abcd 14.72 abcd 0.38 bc 0.31 bc 0.93 ab 9.281 ab
8dys 30x30 6.413 de 12.32 abcd 14.99 abcd 0.42bc 0.34 bc 1.05abc 10.479abc
8dys 35x35 6.187 bcde 10.68 a 13.35a 0.41 bc 0.33 bc 0.89 ab 8.878ab
10dys 20x20 6.347 cde 11.18 ab 13.85 ab 0.45c 0.37c 1.04abc 10.370abc
10dys 25x25 6.690 ef 13.04 cd 15.71 cd 0.41 bc 0.34 bc 1.09bc 10.931bc
10dys 30x30 5.380 ab 11.65 abc 14.32 abc 0.37 bc 0.30bc 0.88 a 8.791a
10dys 35x35 6.187 bcde 12.47 bed 15.14 bed 0.40 bc 0.33 bc 1.0l1abc 10.109abc
14dys 20x20 5.990 abcde 11.37 abc 14.04 abc 0.37 bc 0.30 bcd 0.87 a 8.698 a
14dys 25x25 5.140 a 11.19 ab 13.86 ab 0.37b 0.30b 0.84 a 8.399 a
14dys 30x30 5.603 abcd 11.13 ab 13.80 ab 0.40 bc 0.32 bc 0.92 ab 9.150 ab
14dys 35x35 5.187 a 10.75a 13.50 ab 0.39 bc 0.31 bc 0.85a 8.475 a
21dys20x20 5.283 ab 17.38 e 20.05e 0.24 a 0.21a 0.86 a 8.633 a
control
Mean 5.9 12.20 14.88 0.39 0.32 0.96 9.56
F.probability. <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
S.E 0.315 0.567 0.565 0.029 0.023 0.071 0.71
CV 5.3 4.6 3.8 7.5 7.2 7.4 7.4
Means in the same column foll owed by t he9%aconéderdcelimt.er (s) are not significeé
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The higher number of total tillers as well as prodwetiiers might be attributed to
quick recovery othe younger seedlings transplanted at earlier stattpesivort roots.
Younger seedlings have shamots and shot root seedljs areless prone to
disturbancehaveampletime to recover from transplanting shocks before the starts
of the first phyllochron and wider spacing provided sufficient solar radiation,
minimum competition of nutrients and enhangpbotosynthesis. Mobasset al
(2007) observed that when seedlirsgigy for a longer period of time in the nursery
beds,primary tiller buds on the lower nodes of the main cbleeome degenerated

leading to reduced tiller production.

4.5 Effect of SeedlingAge and Spacing on Rnt Height

There were no significant variations t (P O 0.05) among pl
treatmentgTable 13) However, treatment glrecorded the high value of 84.33 cm

and T3 control recorded the lowest plant height of 73 cm. Plant height is mainly
variety specific determined by genetitakeupof the cultivar. Fontelet al. (2013)

observed no significant variation in plant height between continuous flooding and

intermittent wéting and drying regime (SRI).

4.6 Effect of Seedling Age and Spacing on Yield and ¥ld Components

The highest grain yield7.38 t/ha) was observed in 20 x 20) cm transplanted
when the seedling age was 8 dagBable 13) This yield issignificanty different at

( P O) cOmpéareédto yields observed in I Ta, Tz, To, Tio, T11, Tiz and Tis
(control). However, the yield observed in; Showed no statistical variation at

(P O 0.05) with vyi elsdlg Teare dgoThe lewkst grain t r e a
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yield was recorded in 1§ (14 days 25cm x 25 cm) spacing (5.14 t/ha) however,
showed no statistical variation at (P
practice T3 (5.28t/ha). There was an increase in yield between 26.8%.7% in

SRI practice ompared to continuoufiooding (Table 13) The highest yield in
treatment T might be attributed teearly transplanting which gave rice seedlings
sufficient time to recover and attain high production potential. Another factor
attributed to higher yield wathe large number of hills per square metre and
therefore large plant population. Generally yields obtained from SRI treatments were
higher compared to continuous flooding condition, these reagltsin conformity

with the ones obtained by Sinha and Tia{a007). They obtained 40% increase in
grain yield with SRI treatment compered to continuous flooding in Balrampur India.
Gopalakrishnaret al (2013) obtained 35% grain yield increase with SRl compared
with continuous floodingFigure 7 shows variationa grain yield and above ground

biomassamongtreatments.

.'TZ | Yield{t/ha)
g M Total biomass (t/ha)

T1L T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12 Ti3
Treatment

Figure 7: Grain yield and above ground biomass for different treatments
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4.7 Effect of Seedling Aye and Spacing on dtal above Ground Biomass.

Results fronirable 13shows that the maximum biomass (15.16 t/ha) was recorded in
treatment T(8 days, 20 cm x 20 cm) and the minimum (10.87 t/ha) was recorded in
T12(14 days, 35 cm x 35 cmiJhese results wesgnificanty differentat (P O 0. 0
There was significant vaaiion in biomass production between control treatment and

a set of SRI treatments {@nd T3). Other SRI treatments;Tand T, out weight the
continuous flooding regime treatment however, they wetssignificanty( P O 0. 05)
different. There was an inement of 24.9% in straw yield, and 31.7% in total above
ground biomass in SRI practice as conggato continuous floodingTable 13)

Sinha and Talati (2007) observed 54% increment in straw yield irc@Rparedo

continuous flooding.

4.8 Effect of Seedling Age and $acing on Total Irrigation Water I nput

Resuls from Table 13 shows that the total volume of irrigation water input to meet
the crop water demand was higher (17.38 im Ti3 (the control treatmejiand it
wassignificanty differentat (PO  0).toCal SRI treatmets. Treatments T To, Ts,

Ts and T werenot significantly differentat  ( P Ohe @eas0rior)large iolume
of irrigation water inputin control plots is additional water for maintaining
continuous flooding There was abou22.8% reduction of irrigation watein SRI
treatment plots compared to continuous floodiKeisukeet al (2007)observed 40
70% reduwtion in irrigation water inputln another study in Kenya Ndiiet al
(2013) observed31% water saving in SRl compardd continuous flooding
Differencesin irrigation water inpuamong treatments are better visualize&igure

8.



63

20 -
18 -
16 -
14 -
12 -
10 -

Irrigation water input m3

SN & D ®
|

m T2 L] T4 5 T6 T7 T8 ™ T10 T11 T1?2 T13
Treatment

Figure 8: Irrigation water input under various treatments

4.9 Effect of SeedlingAge and Spacing on @p Water Productivity Under

SRI
High irrigation water productivity was observed s; 10 days, 20x 20 cm (0.5 kg
/m® and the lowest war productivity was observed gontinuous flooding regime
T13 (0.24kg/m®). Control treatmentT13wassignificanty differentat( P O) taGall 0 5
SRI treatmentsAmong SRI treatmentd;s was statistically differenio T,;ohowever,
all the rest ofSRI treaments were not significagtdifferent High irrigation water
productivity values in SRI treatments were definitely attributedow volumes of
irrigation water inputs and higher yields attained by SRI pradbcethe contrary,
the low water productivity in control treatment plot was due to low grain yield and
large volumeof water input Abdul-Ganiyuet al. (2012 obtained simar resuls of
crop water productivity of 0.43 kgfin the Bontangariigation scheme in Ghana.
Kombe,(2012) obtained similar resul(6.46 kg/nf) for aspacing of 25 cm 25 cm

in Mkindo irrigation schem. The implication of the (WRJ)aluesin this stug is that,
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4167 litres of water were used to produce one kg of rice under continuous fipodin
while only 2222litres of waterwere usedo produce one kg of ¢e using SRI A

total of 1944 .4litres (46.7%) could be saved while still prading reasonable gids

if under SRI practice.Ndiiri et al. (2013) obtained 31% water savings in SRI
compared to continuous flooding practi€andiaret al (2014 obtained 4% water

saving in SRI as compared to continuous flooding in Tamil Nadu.

If Pereira(2013)and Hunphreys, (2006) formula®r computing (WP) aradopted
which include water contributed by rainfall during the growing seasonac¢hel

water productivit WP:r) would beas follows:

Total rainfall during the growing period (September to second wéekamuary
2014) was535 mm and effective rainfall wa834 mm results in additional water
input of (0334 m*m? or 2.672m° in every treatment plot. Following this scenario
water productivity would b@.37 kg/m® for the treatmerstT; and Ts and the lowest

0.21 kg/m® for the control treatment,¥.

EvapotranspirationV{Psr) water productivity was the highest in (.2 kg/ n?) and

lowest in Ty, (0.84 kg/ m). T wassignificanty differentat( P O cdmpdresto

To, Ta, T7, Ty, Tio, T11, T12 and Tis. Although T» was the lowest, it was statistically
differentto Tiz(contrd)at ( P O 0. 0 5.)WPs Watengrofluctivigisiat | e v ¢
function of yield since evapotranspiration was the same for all treatments,

therefore higher W& (1.2 kg/m®) obtairedin Ty is due to higher grain yield
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Figure 9: Irrigation water productivity under various treatments

4.10 Effect of Seedling Aje and Spacing on @p Water Use Efficiency Uhder
SRI
Results showedhat the highest WUHFigure 10)was observed in 1T (12.06

kg/haimm) andit was significarly differentat( P O signifi€abt Jevelwith T,
Ta, T7, To, T1o, T11, T12 @and Tyz(control). However, itvasnot statisticallydifferent at
( P O with T®@,5M), T, and Ts. The lowest WUE was observed ingT(8.57
kg/hamm), however it wasotsignificanty dife r e nt at (TRs(cantrdd). 0 5)

(Table 14)

The low WUE value in Jp was attributed tahe low yeld leveldue to delayed

transplanting and low plant population.
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Figure 10: Irrigation water use efficiency under various treatments
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CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATION S

5.1 Conclusiors

This researchwas conducted to evaluate the performance of the system of rice

intensification in terms of yield anwvater productivity in ZanzibarWith The

specific objedves includeddetermining the optimum spacing and seedling age to

transplant the rice fohigher yield and water productivityBased on findings

obtained fronthis study thdollowing are the conclusions

1.

The quality of the irrigation water used in the diuareas goodandfree from

total saliniyy and sodium hazards

The soilof the experimental site was ideal for riceltivationin terms of its
physical propertiesHoweverit haslow nitrogen low extractablphosphorus
and very low ptassium therefae in order to realiséull maximum potential

of SR, the nutrients must be added in terms of fertilizers

Tillering starts in twow e e k s @ftet tiama@antingcommon tendency of
many rice varietiesand increasegradually but tends to slow in weeseven

and almost cease in week eight.

A spacing of 20 cm by 20 cm in combination with the seedling age of 8 day
was the best for SUPBC rice variety interms of grain yield, total biomass,

crop water productivitand water use efficienag dry vuli season
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5. The maximum tilleringoccurredin treatmentspacing30 cm by 30 cm and
productive tillers waghe best in 35 cm by 35 cm however, therends

statisticallysignificant variations between two treatments

6. Water saving of up to46.7% in SRI practiceis possible compared to

continuous flooding practice

5.2 Recommendations
From this study, the following recommendations can be made
1. Irrigation water sourcen Bumbwisudi irrigation schemean continue to be

used as irrigation watérecause it is frefom salinity and sodium hazards.

2. Application of recommended dosage of fertilizes particularlf?ldnd Kwith
the integration of other soil fertilitynanagementapplication of compost
manuresand retention of crop residues in rigaots is highly recoomended

for bestperformancef SRI.

3. More research is needed in termtfer rice varieties and diversification of
locations and seasons in SRIZanzibar in order to come up with guidelines

for optimum spacings and seedling age to be adopted.

4, Conduting experiments involving a number of varieties used by farmers and
the ones that have shown better performance in other places for the purpose of

selecting varieties that perform best under SRI practice in Zanzibar.
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Among the benefits of SRI is water s&y and minimizing transplanting
shocks, it is advised to undertake research involving direct seeding using pre
germinated seeds at various spacings instead of transplanting to investigate
their effects in water savings and because in direct seeded wigter be

saved because it is not needed for land preparation.

Conducting researches involving economics of SRI to find out how much a

farmer can save per season to pay irrigation fees under the SRI system.
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APPENDICES
Appendix 1: Crop coefficients
Crop Initial stage  Crop development. stage Mid-season stay Late season stage
Barley/Oats/Wheat 0.35 0.75 1.15 0.45
Bean, green 0.35 0.70 1.10 0.9
Been, dry 0.35 0.70 1.10 0.3
Cabbage/carrot 0.45 0.75 1.05 0.9
Cotton/Flax 0.45 0.75 1.15 0.75
Cucumber/Squash 0.45 0.75 0.90 0.75
Eggplant/Tomato 0.45 0.75 1.15 0.80
Grain/Small 0.35 0.75 1.10 0.65
Lentil/Pulses 0.45 0.75 1.10 0.50
Lettuce/Spinach 0.45 0.6 1.00 0.90
Maize, Sweet 0.40 0.8 1.15 1.00
Maize ,grain 0.40 0.8 1.15 0.70
Melon 0.45 0.75 1.00 0.75
Millet 0.35 0.70 1.10 0.65
Onion green 0.50 0.70 1.00 1.00
Onion dry 0.50 0.75 1.05 0.85
Peanut/groundnut 0.45 0.75 1.05 0.70
Pea, fresh 0.45 0.80 1.15 1.05
Pepper, fresh 0.35 0.70 1.05 0.90
Potato 0.45 0.75 1.15 0.85
Radish 0.45 0.60 0.90 0.90
Sorghum 0.35 0.75 1.10 0.65
Soybeans 0.35 0.75 1.10 0.60
Sugar 0.45 0.80 1.15 0.80
Sunflower 0.35 0.75 1.15 0.55
Tobacco 0.35 0.75 1.10 0.90

Source: Brouwer and Heibloem, 1986
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Appendix 2: Nomograph and formula for determination of SAR value

No* Co**s “qv *
No
b SAR = (1) -
Co + Mg
I VT2
| Where No, Co ond Mg are sodium, caolcium,
ond mognesium in me/l from the 10.25
water analysis,
0.50
10.75
1.0
5
10
13
20

(Source: FAO, 1985)
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Appendix 3: Indicative values ofcrop water requirements

Crop Crop water nee( Sensitivity to drought
(mm/total growing period

Alfalfa 800-1600 Low -medium
Banana 12002200 High
Barley/Oats/Wheat 450-650 Low to medium
Bean 300500 Mediumi high
Cabbage 350500 Medium1i high
Citrus 900-1200 Low i medium
Cotton 700- 1300 Low
Maize 500-800 Medium1i high
Melon 400600 Medium1i high
Onion 350450 Mediumi high
Peanut 500-700 Low i medium
Pea 350500 Mediumi high
Pepper 600-900 Medium i high
Potato 500-700 High
Rice (paddy) 450700 High
Sorghum/Millet 450650 Low
Soybean 450-700 Low i medium
Sugarbeet 550750 Low i medium
Sugarcane 150062500 High
Sunflower 600-1000 Low i medium
Tomato 400-800 Medium- high

SourceBrouwer an Heibloem, 1986
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Appendix 4: Average rainfall vs rainfall 2013

Month Jan Feb Mar  April May June July Aug Sept Oct Nov Dec
(Rn":‘r';‘;a" 013 118 0 334 3002 1317 364 99 551 441 124 1709 196
Ave.Rainfall 757 506 1801 351 2008 613 171 318 426 965 2212 179.2

(mm)
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Appendix 5: Irrigation time for each treatment for the month of September (2013)

1*'irrigation

Irrigation duration (min)

Treatment Depth above weir (cm) Rap | Rap Il Rap Il
T, 6.8 19:38 18:24 19:02
T, 6.8 16:31 16:48 17:56
Ts 6.8 17:07 18:43 16:38
T, 6.8 15:21 15:28 14:36
Ts 6.8 15:23 16:46 15:25
Te 6.8 18:43 17:56 18:51
T, 6.8 17:20 16:27 15:19
Ts 6.8 17:37 18:16 17:12
Ty 6.8 16:08 16:12 16:00
Tio 6.8 15:40 17:26 14:28
Ty 6.8 14:30 16:55 15:57
T 6.8 14:19 14:25 16:00

Tis 7.0 23:07 23:17 22:07
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Appendix 6: Irrigation time (min) for each treatment for the month of October (2013)

1*irrigation

Irrigation duration (min)

2"%irrigation

Irrigation duration (min)

Irrigation duration (min)

3%jrrigation

Treatments Depth above Rap | Rap Il Rap Il Rap | Rap Il Rap Il Rap | Rap Il Rap Il
weir (cm)

T, 6.5 6:00 5:00 5:00 4:17 4:37 4:00 - - -

T, 6.5 4:37 5:00 4:20 4:00 3:47 5:13 - - -

Ts 6.5 4:25 4:16 4:20 4:36 5:30 4:19 - - -

Ty 6.5 4:00 4:00 3:22 4:00 4:04 4:18 - - -

Ts 6.5 4:12 4:20 4:14 3:48 3:24 3:50 - - -

Ts 6.5 5:32 5:27 5:08 4:14 4:16 4:03 - - -

T, 6.5 5:04 4:52 4:10 4:00 3:42 4:13 - - -

Ts 6.5 4:46 5:06 4:33 4:20 4:26 4:26 - - -

Ty 6.5 4:48 4:12 4:19 4:37 4:16 4:03 - - -
T1o 6.5 4:11 4:44 4:36 4:00 4:22 3:37 - - -
T1 6.5 4:47 4:30 4:20 2:46 4:20 4:12 - - -
T 6.5 4:16 4:00 4:21 3:13 4:06 4:00 - - -
Tis 6.5 8:30 8:00 8:42 10:17 10:00 9:36 9:34 9:56 8:15




96

Appendix 7: Irrigation time (min) for each treatment for the month of November (2013)

1*irrigation
Irrigation duration (min)
Treatment Depth above weir (cm) Rap | Rap Il Rap lll
T, 6.5 3:28 3:22 3:18
T, 6.5 2:50 2:55 3:04
T3 6.5 2:57 3:13 2:52
T, 6.5 2:38 2:40 2:31
Ts 6.5 2:38 2:52 2:31
Te 6.5 3:14 3:00 3:16
T, 6.5 3:00 2:50 2:45
T 6.5 3:00 3:09 3:00
To 6.5 2:47 2:48 2:45
T1o 6.5 2:40 3:00 2:29
Tu 6.5 2:30 2:55 2:46
T 6.5 2:28 2:45 2:46

Tis 6.5 4:17 4:20 4:05




Appendix 8: Irrigation time for each treatment for the month of December (2013)
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1%irrigation 2"%irrigation 3%jrrigation

Treatments Depth above weir (cm) Rap | Rap Il Rap Il Rap | Rap Il Rap Rap | Rapll Raplll
T, 6.8 9:08 8:29 7:36 7:04 6:42 8:12 - - -

T, 6.8 7:34 7:25 7:14 6:06 6:27 7:34 - - -

T3 6.8 7:20 8:13 7:00 6:28 7:15 6:43 - - -

T, 6.8 7:10 7:16 7:03 5:29 5:28 6:00 - - -

Ts 6.8 7:12 7:36 7:13 5:30 6:12 5:31 - - -

Te 6.8 7:48 8:00 8:42 7:40 6:49 5:51 - - -

T, 6.8 7:13 7:30 7:24 7:00 6:05 5:52 - - -

Tg 6.8 8:00 7:34 7:11 6:32 7:30 7:00 - - -

To 6.8 7:13 7:10 7:00 6:00 6:02 6:11 - - -
T1o 6.8 7:00 7:10 6:57 6:54 7:14 5:00 - - -
Tu 6.8 6:42 7:00 7:12 5:12 6:56 6:00 - - -
T 6.8 6:48 7:30 6:41 5:00 5:14 6:30 - - -
Tis 6.8 7:42 8:13 8:20 6:24 7:31 7:00 6:42 5:00 4:23
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Appendix 9: Irrigation time (min) for each treatment for the month of January (2014)

Irrigation duration (min)

Treatment Depth (cm) above ®ir Rap | Rap I Rap Il
T, 6.0 1:21 1:15 1:18
T, 6.0 1:06 0:56 1:12
T3 6.0 1:16 1:15 1:10
T, 6.0 1:04 1:07 1:00
Ts 6.0 1:02 1:14 1:04
Te 6.0 1:17 1:12 1:18
T, 6.0 1:09 1:06 1:06
Tg 6.0 1:12 1:.17 1:10
To 6.0 1:07 1:08 1:07
T1o 6.0 1:08 1:13 1:09
Tu 6.0 1:00 1:08 1:06
T 6.0 1:04 1:10 1:10
Tis 6.0 1:21 1:22 1:38




