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ABSTRACT

Rice is a staple food cultivated and consumed in Nigeria. Several research efforts on the crop
had centered on the agronomic, soil and disease behavioural pattern with little work on its water
use pattern. The study was aimed at estimating irrigation water requirements and establishing
crop water use with its attendant effect on the rice crop. A two-year dry season experiment was
conducted at the research farm of International Institute of Tropical Agriculture, 11 TA Ibadan,
Nigeria. Two upland rice varieties (NERICA 2 and NERICA 4) were planted on a 5m X 5m plot
in a randomized complete block design (RCBD). Four treatments based on different water
distribution levels were adopted. Daily meteorological data were used to determine reference
evapotranspiration (ET) and other supporting information relating to crop water use were also
obtained. The results were subjected to statistical analysis. Total irrigation water applied were
3047mm, 2656mm, 2223mm and 1789mm while reference ET were 236.5mm, 260.6mm,
283.9mm and 310.9mm in treatments A, B, C and D respectively for NERICA 2. There were no
significant differences in these parameters for NERICA 4 variety. Total irrigation water applied
were 3054 mm, 2649 mm, 2220 mm and 1792 mm while total reference ET were 238.6 mm,
258.8 mm, 285.9 mm and 308.8 mmin A, B, C and D respectively for NERICA 4. The total
average weekly crop ET used were 31.6mm, 36.8mm, 39.9mm and 42.9mm in all the four
treatments while the highest weekly crop water use was observed during ripening stage at 8
WAP in all the treatments; 3.18mm/day (A), 3.66mnvday (B), 3.94mm/day (C) and 4.24mnVday
(D). The minimum consumptive water use of 1.16mm/day was observed in 13 WAP in A. The
water use efficiency (WUE) decreased in line with water distribution pattern in all the
treatments. In NERICA 2, it decreased from 0.0165 t/ha/mm (A) to 0.0152 t/ha/mm (B) to 0.0099
t/ha/mm (C) and 0.0044 t/ha/mm (D). Smilar pattern were observed in NERICA 4 variety.
0.0175 t/ha/mm (A), 0.0154 t/ha/mm (B), 0.0110 t/ha/mm (C) and 0.0087 t/ha/mm (D). The
behaviour of rice crop in extracting water varied with the phenological stages with the highest
guantity of water extraction taking place at the mid season/ripening stage during which
increased metabolic activities lead to grain formation. Increasing irrigation water application
does not imply increased but decreased crop water use.

Keywords: Upland rice, Water use, Sprinkler irrigation, pegranspiration.
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INTRODUCTION

Rice Oryza Sativa L) constitutes one of the most important staple fooldsver half of the
world’s population. Globally, it ranks third aftevheat and maize in terms of production
(Bandyopadhay and Roy, 1992). In Nigeria, ricehes $ixth major crop in cultivated land area
after sorghum, millet, cowpea, cassava and yam ¢f@aand Dzivama, 2004; Olaley al
2004}. 1t is the only crop grown nationwide andailh agro ecological zones from Sahel to the
coastal swamps. Rice could be cultivated in addut- 4.9 million ha of land in Nigeria, but the
actual area under cultivation is only 1 millionrepresenting 22% of the total potential available
area {Kehinde, 1997}. The irrigated ecology hasyvhigh potential for rice production but
contributes only 10-15% of the national product{dhisari et al 2001}. Before the oil boom of
the 1970s, Nigeria had been largely self sufficiantice production with negligible imports to
take care of the taste of small European populatigdhe country. The resultant buoyant foreign
exchange earnings of the country from the oil badm970-80 raised the general standard of
living and taste, which resulted in massive impastaof all kinds of manufactured goods and
commodities, including rice. Local rice productisras no longer encouraged and therefore
national self-sufficiency declined from over 99%atoout 23% in 1984 {Akintola, 2000}. Rice
importation rose from 7,000 tons in the 1960s t@,660 tons in the 1990s {WARDA, 1996}.
Nigeria is the World’s second largest rice impartgpending over US$300 million on rice
imports annually. It imported 1.7 and 1.5 millimns in 2001 and 2002 respectively, {WARDA,
2003}. This created a serious drain on Nigeriateiign exchange reserve.

Water is essential for rice cultivation and its glypin adequate quantity is one of the most
important factors in rice production. Most studas constraints to high rice yield shows that
water is the main factor for yield gaps and yieltiability from experiment stations to farm
{Papademetriou, 2001}. Irrigated agriculture is th@minant use of water, accounting for about
80 % of global and 86% of developing countries watsmsumption as at 1995 {Rosegranél
2002c}. By 2025, global population will likely inease to 7.9 billion, more than 80% of whom
will live in developing countries and 58% in rapidirowing urban areas {IWMI 2000}. About
250 million ha, representing 17% of global agriatal land, is irrigated worldwide today, nearly
five times more than at the beginning of thd” 2@ntury. This contributes about 40% of the
global production of cereal crops. Irrigated riceaswesponsible for about 75% of the world’s
total rice production {Rosegrast al 2002a}. Irrigation has helped boost agricultur@lds and
outputs, stabilize food production and prices. Atainable increase in irrigated rice production
however faces a number of critical technical aneettiment factors. Land and water resources
for irrigated rice production especially in Asiavieabeen increasingly lost to the expansion of
urban and industrial sectors. In other continenthsas Africa, the high cost of development of
irrigation infrastructures is the major constraitdsthe expansion of irrigated rice production.
Inappropriate management of irrigation has contadunot only to food insecurity but also to
environmental problems including excessive wategplat®on, water quality reduction, water
logging and salinization {Rosegraettal 2002b}. During the crop growth period, the amoant
water usually applied to the field is often muchrenthan the actual field requirement. Irregular
water application often leads to a high amountuwfage runoff, seepage and percolation which
accounts for about 50-80% of the total water iriptd the field {Guerreet al, 1998}. Therefore,
the water crisis being experienced today is nouabaving too little water to satisfy our needs
especially in Agriculture but a crisis of proper magement {Akinbile, 2009}. Increased rice
production consistently can be achieved by increparea under irrigation, increasing cropping
intensity and maximizing one major factor of protime, which is water. Therefore, an attempt
was made to determine the consumptive water ugerpaif Upland Rice to differential water
application using sprinkler irrigation system ingHria.
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MATERIALSAND METHODS

The study was carried out at the farmyard of therirational Institute of Topical Agriculture
(IITA) Ibadan, the Oyo State capital, Nigeria.dtibcated between latitud& 84’E and 7 30'N,

at elevation of 200m above the mean sea leveladt &n annual rainfall range of between
1300mm and 2000mm while its rainfall distributiomtiern is bimodal. The annual mean
temperature is 27°€ during dry season and 2% during the rainy season. The soil class is
oxic paleustaff which belongs to Egbeda Series and is describédfiasl (Apomu Sandy loam).
The vegetation is humid rain forest with an averegative humidity of between 56 and 59%
during the dry season and 51-82% during the wetoseflITA, 2002}.

Field experiment were conducted for two dry seadonascertain the crop’s water use under
irrigated conditions, between November 2005 andc&006 and November 2006 to March
2007. The experimental design was a Randomized @&benBlock Design (RCBD) with four
treatments. NERICA 2 and 4 was planted on all tlmtspand irrigation water was delivered
through an overhead sprinkler systems. There wewe freatments based on the level of
irrigation water application. Plot A (first treatmt® received water seven times continuously in
one week (full ET) and plot B (second treatmenteneed water six times a week (0.75 ET). The
third treatment (plot C) received water five tineesveek (0.5 ET) and the fourth treatment (plot
D) received water four times a week (0.25 ET) (Aidie, 2009). Water was pumped into the
sprinkler line system and delivered to the fieldtplthrough the risers and sprinkler heads. The
sprinkler arrangement was 6 x 6m triangular coméigjan. There was pre-planting irrigation for
about two days before planting to allow soil attiéid capacity, promote germination and easy
crop establishment. The specifications of sprirkleeads are 48mm range by 40mm sprinkler
nozzles. The plot area was leveled as sprinklersepl on 100cm high and 2.5cm diameter risers
attached to a 3.0cm diameter quick-coupling poetd®/C pipe as supply line. The pressure
head difference between the ends of the line wasapnately 1% of the inlet pressure and each
sprinkler discharged 0.54 I/s, giving a total dege of 4.32 I/s. Each plot size was 5m x 5m
with 1m alleyways all round the plots with a tobél4 plots and 2 treatments. All the plots were
irrigated as scheduled under low wind conditiond (®/s) in the evenings to minimize
evaporation losses. During each irrigation, thentjtyaof water received at every irrigation level
plot was measured with catch cans (four cans psj ptattered randomly over each plot and
average applied water determined. Water relatedsumements such as moisture content,
potential, were carried out using gravimetric amgitdl tensiometer techniques. The reference
evapotranspiration (EJ was determined for each day after irrigation gsvodified Hargreaves
eguation and data from IITA meteorological statiwar the site. Crop water use was thereafter
obtained. Results obtained during field experim@mtawere subjected to statistical analysis
using SAS 9.1 version.

RESULTSAND DISCUSSION

Moisture Content and Potential Variation during Crop Growth

The variation of soil moisture content during cgipwth in all the treatments were as shown in
Fig. 1. The effect of the four irrigation levelsgam after the crop had reached the vegetative
stage, which is between 35 to 50 days after plgni@AP). At 20 DAP, the soil moisture content
storages at 10, 20, 30 and 40cm depths were withirl0, 9 and 7 % respectively. From 70 to
90 days after planting, the soil water storagdéatsame depth was almost the same. This may be
due to reduced irrigation as the crop grain has lbeened and almost getting ready for harvest
(maturity). It should be noted that the water regmient of rice is at its highest demand at
reproductive and ripening stages. Vegetative stagdetween 0-50 days after planting;
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reproductive is between 50 —80 days while ripersitagyes is usually between 80-100 days. The
water demand is high due to the agronomic changeslipr to the mid season stage, which
include booting, heading and flowering for repradte and milky, dough and maturity for
ripening stages. The length of ripening is mostfgaded by temperature. It takes 30 days in the
tropics and 65 days in the temperate regions (Adleh, 1998)

The variation of soil moisture potential with sdépth during the entire growing season in plots
A/B and C/D respectively are as shown in Fig. 2.t vegetative stages when the crop root
depth was about 10cm, the moisture content washaseeen 12 and 14 % while the soil water
potential was between 0.19 and 0.25in all the plbtwas observed that extractable soil water
for the crop was decreasing with increase in segtl. At the flowering stages, when the root
depth was about 20cm (Fig.2), the soil moistureepivdl was between 0.18 and 0.23, the
moisture content being between 10 and 13 %. Thetabde soil water was diminishing and the
crop was becoming more dependent upon the appireghtion water for its survival. At
maturity stage when the crop root depth was ab8am2(Fig.2), the soil water potential ranged
between 0.18 and 0.25 kPa while the moisture contas between 7 and 13% (Fig 1). There
was more concentration of available soil water inithis crop root depth but was not sufficient

to meet the crop water requirement.
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Fig. 1: Variation of Soil Moisture Content versus Days after Planting (DAP) in all the Treatments
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Fig. 2: Variation of Soil Water Potential versus Days after Planting (DAP) in all the Treatments

Relationships between Crop Yield and Evapotranspiration

A relationship was established between the crojul yaad reference Evapotranspiration during
the experiment. Singkt al {1997} remarked that the relations for crop protiime functions
without considering the time of water deficit mag Inodified by replacing the amount of
irrigation water with seasonal ET. Table 1 gives ftummary of the total grain yield, and the
seasonal ET in each of the treatment plots. Undgation, ET depends on the quantity of water
applied and time of irrigation. From the Table, thage of ET and yield are 86 - 105 mm and
1.36 to 0.16 t/ha respectively. This was for thestfirial, (2005/2006 experiment). For the
2006/2007 experiment, the ranged of ET and totaingyield was between 237 - 311mm and
1.94 - 0.29 t/ha respectively in all the treatmédmtble 2). This was an indication that there is a
direct relationship between ET and yield. In thisdy, reference ET of between 87 and 107mm
was required to produce minimum grain yield whileaage of between 237 and 311mm was
required to produce the maximum grain yield undémated water supply. Raest al, {1997}
reported that ET values ranging from 200 to 480mas wsufficient for rice production in
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northern part of Senegal. This is an indicatiort tha findings of this research in a tropical rain
forest zone of Nigeria are adequate in producirtgrapn rice yield without wasting water.

The crop uses less stored soil water when the anafurrigation is increased. This was due to
availability of applied irrigation water in excesscrop water requirement. At this point, water
loss due to percolation and evaporation will béhat maximum. Therefore, the rainfall during
the crop-growing season and the stored soil wat@reaplanting need to be considered when
irrigation scheduling is made. From Table 2, tatadjation water applied varied from 3047mm
in treatment A, 2656mm in treatment B, 2223mm irai@ 1789mm in treatment D with a
slightly higher yield. This was an indication thaicreasing irrigation water for the first
experimental trial will result in increase in yieldbove the water value in A, increase in yield
will not be significant when compared with the gtignof water applied. Increasing irrigation
water above the quantity applied in A will only rease water loss and not translate to yield
increase. From literature, the maximum yield oferibhat could be attained under standard
environmental conditions was between 0.9 — 2.0{iMhaari et al, 2001}. Producing 1.94 t/ha of
upland rice using 3047 mm of applied irrigation evatvas significantly reasonable. This
statement was supported by Doorenbos and Kassa@O)l&nd Lafitteet al, 2004 in their
respective studies to determine vyield responsesxcess and deficit water application
respectively.

As for the efficient use of water by the crop, TaBlshowed the estimated values of water use
efficiencies of rice in the treatment plots for t@05/2006 experimental trials. The values for
2006/2007 trials were not different from that o€ threvious year. The water use efficiency
decreased from treatment A,(0.0165 t/ha/mm) totriveat B, (0.0152 t/ha/mm) and further
decreased to treatment C (0.0099 t/ha/mm) andnezdtD, (0.0044 t/ha/mm). The same pattern
was observed from A-N4 through D-N4. It could #fere be concluded that water use
efficiencies decreased in the order of the amodinvaier received per treatment. Any water
deficit at the different growth stages of rice webglreatly reduce yield. This was evident as the
emergence of whiteheads (Table 4) was observed8aDAP after deficit irrigation was
introduced during ripening stage.

Tablel: Summary of the Grain Yield and ET in Treatment Plotsfor 2005/2006 Experimental
Trial

Treatment | Irrigation water Total ET | Total Grain
plots Applied (mm) mm Yield t/ha
A-N2 1190.50 86.01 1.36
B-N2 1040.75 91.98 0.8
C-N2 850.00 99.04 0.30
D-N2 694.17 105.83 0.16

The flowering stage i.e booting, dough and milkg eonsidered the most critical (Raemaekers,
2001). The decline in yield in the treatment pkiggest the various water supply conditions that
prevailed during the experiment. As water use igfficy entails maximum production per unit
water applied, the findings further confirmed thadter is a major yield-limiting factor for rice
production and also in line with the works of Nwkae and Chude {1998}.
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Table 2: Summary of the Grain yield and ET in Treatment Plotsfor 2006/2007 Experimental Trial

Treatment | Irrigation water | Total ET Total Grain
plots Applied (mm) (mm) Yield (t/ha)

A-N2 3047 236.47 3.89

B-N2 2656 260.64 3.95

C-N2 2223 283.95 2.81

D-N2 1789 310.98 1.38

A-N4 3054 238.56 4.17

B-N4 2649 258.76 3.98

C-N4 2220 285.85 3.13

D-N4 1792 308.77 2.67

Table 3: Estimated values of water use Efficiency (WUE) in Treatment plotsfor 2006/2007
Experiment

Treatment | Irrigation water | Total ET | WUE

plots Applied (mm) (mm) t/ha/mm | Kg/ha/mm
A-N2 3047 236.47 0.0165 16.45
B-N2 2656 260.64 0.0152 15.155
C-N2 2223 283.95 0.0099 9.896
D-N2 1789 310.98 0.0044 4.437
A-N4 3054 238.56 0.0175 17.48
B-N4 2649 258.76 0.0154 15.38
C-N4 2220 285.85 0.01095] 10.95
D-N4 1792 308.77 0.00865| 8.647

Table 4: Number of Whiteheadsin the Plotsat 78 DAP in the 2005/2006 Trial

Plot Whiteheads % Composition per plot
A 47 7.4

B 81 15.7

C 94 16.1

D 98 16.6

Crop Water Use Pattern and Irrigation Scheduling

Figs 3 and 4 showed the graphs of the average weekisumptive water use plotted against
weeks after planting (WAP) in 2005/2006 and 2008R2@xperimental trials. From Fig 4,
average weekly water use varies from 1.16 mm/daWyAP in A) to 4.24 mm/day (8 WAP in
D). The data showed that water stress leads tegmonding increase in water use at certain
stages of crop growth and development, hence tifeehiconsumptive water use during the later
stages of ripening. The same behaviour was obselwedg the first experimental trial (Fig. 3).
Raeset al, 1997 remarked that between 6.5 to 9 mm/day weredsults of his findings when
similar study was carried out in northern Senedaictvis a semi-arid zone. The highest water
use was recorded between 7-11 WAP in the first (fig. 3) and 6 -10 WAP in the second trial
(Fig. 4). The responses of water supply to plamghigleaf area index (LAI) and canopy shading
all showed a definite pattern of crop behaviouspecific water application peculiar to each of
the three stages of crop growth. These observalioh® a patterned crop water use which could
be used to plan irrigation scheduling. From thelgtuhree distinct stages of water application
were observed. The first stage, vegetative (1-7 YW less water use due to low agronomic
and metabolic activities. At this stage, irrigatishould be normal due to less crop water
requirements. During the second or mid-season staigesponding to 7-12 WAP; water applied
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was highest. This was due to the severe negatfeetadf the shortage of water application on
growth, yield and development of rice grain forroati This was evident in the formation of
whiteheads at this stage during the experimentl€Tdp At the third or maturity stage (12-15
WAP), irrigation was reduced because sustainecease in water application will not translate
to further increase in yield as grain formation /e been completed at the mid season stage.
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Fig. 3: Average weekly Consumptive Water Use ver sus Weeks after Planting (WAP) for all the
treatments of 2005/06 Field Experiment
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CONCLUSION

A two year field experiment to evaluate differehtiater application of upland NERICA rice as
it relates to increased productivity was carrietaitthe farmyard of the International Institute of
Tropical Agriculture, (IITA) Ibadan, Nigeria. Thégice of upland rice was informed by the fact
that the irrigated upland ecology has very higheptél for rice production but contributes
between 10 and 15 percent to national productiomdifgs showed that known quantities of
irrigation water could be used in producing optimyi@ld for upland cultivars. Adopting strict
water conservation measures will lead crop faihtra certain stage, indicating that the effect of
water stress leads to corresponding increase ierweste at certain stages of crop growth and
development. The emergence of whiteheads was &atrah of shortfalls in water requirements
at this stage. The behaviour of rice crop in exingcwater varied with the phenological stages.
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It was observed that the highest amount of soilewaxtraction took place at the mid
season/reproductive stage. This was due to incrieaseetabolic activities at that stage and
hence greater consumptive water use. This showadirtbreased irrigation water application
does not imply increased crop water use. From theys three distinct stages of water
application for proper irrigation scheduling wetgserved. At the first stage, irrigation should be
normal due to low crop water requirements. Durihg second stage, irrigation should be
increased by 100% due to high water demand arfteahird stage; irrigation should revert back
to normal because sustained increase in watercapipin will not lead to further increase in
yield as grain formation must have been compleldok water use efficiencies decreased in
accordance with the amount of water received matinent and in line with water distribution
pattern indicating excellent water management. drbp water use behaviour at periods of very
low water availability suggests its capacity touasdjphysiologically to stress and is therefore a
major yield-limiting factor for rice production. €happlication of water, being a dominant factor
affecting growth and grain yield of rice needs ® fwoperly scheduled for improved rice
production and to avoid waste. A significant ina®an yield of about 15 % can be guaranteed
and rice production could be increased from 2 toy8es per year if irrigation scheduling is
properly done.

Recommendations for further Research

o Estimating irrigation requirements for more uplamce cultivars (NERICA 1, 3, 5-19) is
recommended to have a wider range of water use. Wit give definite information about
the water use of each variety for proper water gameent planning and irrigation scheduling.

0 Rice response to various degrees of salt contentsater and soils should be investigated to
determine the optimum salt level that will prodareciable yield when compared with the
one produced from non-saline soils and water. Ehigperative since there may be the need
to use saline water (coastal dwellers) to irrigate fields in their domains.

0 Research should be conducted into using modermaémiies for bird scaring to reduce
considerable yields of rice being lost annuallyisTis to ensure reliable yield data. The age
long, primitive method of human bird scaring iseetive only on small fields. However, the
use of nets as temporary measures to preventmision by birds (small or medium fields)
is suggested. Similarly, chicken wire mesh shodglaced round the field to prevent rodents
and grass cutters invasion. This is useful wheredruefforts (bird scarer) may not be enough
to prevent birds from attacking rice fields.
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