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Yield traits and water productivity responses among rice varieties (Oryza sativa L .)
grown in a Fadama ecosystem in Akure, Southwestern Nigeria

Abstract

Drought is the most important factor limiting ripeoductivity under rainfed system of the humid
tropics. Field experiments were conducted to datex the effects of soil water management
strategies (growth on residual soil moisture atwbgetative stage supplemented with irrigation
at the reproductive stage and growth under fuigation throughout) on water use, yield and
yield components of four varieties of rice growntire dry season in an inland valley swamp
(fadama). The four selected varieties were two ngpl@gEkpoma local and upland Nerica 4) and
two lowland (lowland Nerica 1 and 2). The first miag (December, 2010) adequacy of soll
moisture from planting to date of first floweringasvassumed, thereafter irrigation was imposed
during reproductive growth. In the second sowiran@lry, 2011), rice plants were drip-irrigated
from planting to seed harvest. The results indatalat differences between the December and
January sowing dates were found significant fossimaf the traits measured (root and shoot
weight, leaf area, plant height, number of tillessgights of panicle and 100-seed and harvest
index). Total seed vyield and harvest indices (X1%%:10.1) were higher in January over
December (1.24 t.Ha 6.3) sowing in addition to higher water use ééficies (0.053 and 0.031
t.hal.mm?). The seed yield reduction was associated widhagons in plant height (103.4:76.8
cm), leaf area (51.9: 76.13rand shoot weight (103.7: 76.8 g) across all tetes. Seasonal
soil moisture storage ranged from 186 to 223 mntHerrespective first (December) and second
(January) sowing dates. The two best lines (Uptarntlvars: Ekpoma and Nerica 4), had similar
yield performance when grown under irrigation frphanting to maturity (harvest) but differed
significantly in their trait combinations. Over ethvarieties, upland Ekpoma and Nerica 4
exhibited superior ability to produce tillers, pelei and seed weights in both first and second
sowing dates. Functional relationships betweenesamather variables and growth and yield
characteristics of rice which gave high regressioefficients (R) showed that, the differences
in shoot biomass and seed yield production betwbensowing dates were explained by a
combination of weather parameters. The evaluatetetal yield potential and related traits
measured under variable soil moisture regimes dsiissed in relation to genotypic adaptation
(drought tolerance) among the tested rice varielies concluded that, in a cultivar, higher yield
potential may be related to ability to tolerate tipld and concurrent abiotic stresses of soil and
air moisture deficit and temperature stresses.

Keywords. Fadama, inland flood plain, rice, water management, drought, adaptation.

INTRODUCTION

Rice Oryza sativa L.) is a major staple cereal grown worldwide especiall rainfed and
irrigated cropping systems. Rice is one of the nmmsthmon of all domesticated cereals, a
tropical G species, carries an odd behavior of tolerancesasdeptibility to abiotic stresses as

compared to other field crops (Tuong et al., 1989e thrives well in water logged soil and can
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tolerate submergence at levels that would kill ottveps, also is moderately tolerant of salinity
and soll acidity, but highly sensitive to drouglmidecold (Narciso et al., 2000). In the lowland
ecosystem, rice is subjected to intermittent sulgerere (water depth of 0.5 to 1 m that cover the
foliage), to salinity stress in coastal regions dnalught in upland conditions. The rainfed areas
occupy about 30 % of the total world rice growingas where high yielding semi-dwarf rice
varieties are not widely grown because of theirrpadaptability to the more stressful rainfed
conditions (Liu et al., 2005). Among the abioticesses in the rainfed systems, drought is the
most important factor limiting rice productivity &fitte et al., 2007; Ali et 812008; Venuprasad

et al, 2008).

Tuong and Bauman (2003) presented a review of watedtuctivity in rice and surveyed the
irrigation and associated technologies availableemgia water limited future. The author
concluded that periodic surface irrigation or flughigation methods are viable water
management strategies for rice production. Wateitéd condition is related to insufficient soil
moisture available to support average crop prodogctihis situation affects 23 million hectares
of rice yearly (Pandey et al., 2007). Rice is pattarly sensitive to drought stress and even mild
drought stress can result in significant yield m&dn (O'Toole, 1982; Centritto et.aR009).
Drought stress particularly during the reproductiflewering) stage can result in severe yield
losses. The physiological processes during thetsenseproduction stage, negatively affecting
spikelet fertility under water stress anther dedy®e and pollen germination (Ekanayake et al.,
1990; Liu et al., 2005) were similar to high-temgiere stress (Yoshida, 1981; Jagadish et al.,
2010). Additionally, panicle exertion (O'Toole aiamuco, 1983), and peduncle length (He et
al., 2009) may be partly responsible for increaseetility under water stress. Genotypic
attributes such as stature (plant height and vjgigring habits, root size, root morphology and

density and other physiological attributes suclstasnatal closure and osmotic adjustment had
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been implicated as possible mechanisms for drotajbtance (Cutler et al., 1980; Liu et al.,

2005).

The rice growing agroecologies are characterizednlaximum day-time temperatures either
close to or higher than the critical threshold iagdetween 38C (Nakagawa et al., 2002) and
35 °C (Yoshida, 1981). High-temperature stress canecawsversible damage to plant growth
and development (Wahid et al., 2007). Temperatgreater than 35C at anthesis and lasting
for more than 1 h can lead to high sterility ineri@dagadish et al., 2007). A high-temperature
stress-induced increase in spikelet sterility idkaitable to abnormal anther dehiscence (Matsui
and Omasa, 2002), impaired pollination Matsui et20005), and pollen germination (Jagadish et
al., 2010). Moreover, high temperature of 2 given a day before flowering resulted in poor
anther dehiscence during subsequent anthesis (MatsuOmasa, 2002). High temperatures
stress given a day prior to anthesis affected thenal functioning of the pollen sac dehiscence
and pollen viability (Matsui and Omasa, 2002). Tieproductive stage in rice is affected
irreversibly by high temperatures (Prasad et &Q062 and soil moisture deficit stress than the
vegetative stage. Water deficit during reproducttage significantly reduces pollen viability,
spikelet fertility (Praba et al., 2009) and graielg (Boonjung and Fukai, 1996). The response of
plants to water and temperature stresses depentie aluration and severity of the stress (Araus

et al., 2002; Bartels and Souer, 2004) and theldpreental stage (Zhu et al., 2005).

In circumstance of the changing climates of thereitrice could more subjected to simultaneous
high temperature and water stress during sensitaxelopmental stages such as heading and
seed filling. As the global climate changes camtinwater shortage and drought have become
an increasingly serious constraint limiting riceguction worldwide (Wassmann et al., 2009).
Hence, overcoming the effects of high temperaturd water stress on rice production is
essential in the attainment of food security nowl anthe future. Rice varieties are different

among regions and locality, and their responsectdogical variations is different. The high
3
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yielding varieties of rice that had been developétirespond differently at different locations
and ecosystem (agroecologies). There is need &siigate varietal suitability of rice especially
the newly improved lines to the soil and weathendition in rice growing agroecologies of

Nigeria.

In sub-Saharan Africa, inland wetlands constituieus 135 million ha of land (IWMI, 2002).
Extensive land areas in Nigeria are characterizeshlallow water tables fed by steams and river
courses. These ecosystems which are seasonallyetip@re called inland valley swamps or
inland flood plains (thdadama in Hausa). The inland valley swamps are charasdriby
seasonal flooding at the peak of the rainy seabmh residual moisture regimes in the dry
season and variable but shallow ground water w@dypehs. The agricultural potentials of tropical
inland valley swamps or flood plains can be haregssa the effective management of its soil
and water resources. Field experiments were coadustorder to examine pattern of water use,
growth and vyield of four varieties of rice grown the dry season in an inland flood plain
(fadama) under irrigation management strategies.alm was to evaluate varietal yield potential
and related traits under variable soil moisturemeg, and to examine the value of the measured

traits to yield potentials and genotypic adaptatarong the tested rice varieties.

MATERIALSAND METHODS.

Description of Study Area.

The study was conducted at the Teaching and Résdaon of the Federal University of
Technology, Akure, a humid rainforest zone of baugst Nigeria (Latitude ? 14 !N and
Longitude 5° 08'E) and at 35 m above sea level. The mean anninéliaange between 1300-
1600 mm and with average temperature of@0The relative humidity ranges between 85 %

during the rainy season and less than 60 % duniaglty season.
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The experiment was carried out betweeoeinber, 2010 and May, 2011 to determine the
effects of soil water management strategies on nwee, yield and yield components of four
varieties of rice grown in the dry season in aamal valley swamp (fadama). \rice seeds were
grown in December, 2010 on soil water reservel pgak vegetative growth (date of first
flowering) after which irrigation was imposed dugimeproductive growth (flowering to crop
maturity: growth on residual soil moisture at tlegetative stage supplemented with irrigation at
the reproductive stage and growth under full iti@a throughout) and in Janaury 2011 for
which seedlings were drip-irrigated from plantirg larvest. The varieties evaluated are (i)
Ekpoma local (ii) Upland Nerica (iii) Lowland Neacl, and (iv) Lowland Nerica 2. Rice seeds
were planted on soil water reserve until peak \a&get growth (date of first flowering) after
which irrigation was imposed during reproductiveowth (flowering to crop maturity), and
between Janaury and May 2010). Seeds of four tiggi®f rice consisting of two upland
(Ekpoma local and upland Nerica 4) and two lowléNdrica 1 and 2) were obtained from the
African Rice Centre, Ibadan and Edo State AgricaltDevelopment project, Benin City. Rice
seeds were sown on the field at 90 by 20 cm spadory the row and at three row-replications
per treatment. The experimental site consisteavoflilocks of 14 by 90 m dimension. The land
was manually cleared, packed, and Force-Up hesbigids applied at the rate of 3 liters per
hectare to further prevent weed competition orplbés.

At maturity, six uniform plants of 0.3%rim each plot were measured for plant height and
sampled by cutting the plants from the bottom (rigibove the soil surface). The plants sampled
from each plot were put into a paper bag and weee bven-dried at 75 °C for 3 days. The dried
samples were then measured for total grain yielll imsmcomponents, including biomass, 100-
seed weight and panicle and spikelet weights.

Plant M easurements
Data were collected on root and shoot biomass, dezd development, flowering and fruiting

characters and grain yield of rice. Photographgaibus operations were also taken on the field.
5
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Data were collected on pattern of soil moistureagje and depletion, and agronomic parameters
of root and shoot biomass, leaf area and fruitdyakaracters of rice. Agronomic characters of
root and shoot biomass, leaf area, seed yield &ld gomponents were monitored from ten
plants per row. Root and shoot biomass were oviea-dt 80°C for 48 h and dry weights were
recorded.

Soil physical and chemical properties.

Soil moisture was estimated by gravimetric mettmee(-dried moist soil samples at 1 for

24 h). Core samples were taken at surface soitfd@epth) while bulk density determined for
the samples were employed in the conversion ofiguetric soil moisture content to volumetric
(cm®. cmi®). From the experimental field, ten points wenmpted weekly starting from planting
to crop physiological maturity. Soil moisture deapa (SWD) was obtained from the differences
in soil moisture contents measured at the beginantat the end of weekly cycle.

Accumulated heat units (thermal time) was calcdldtem temperature coefficient for
individual crops. Thermal time (T9Cd) for the phenological phases were calculatexh fioe
daily maximum (Tha) and minimum (i) temperatures measured at the Meteorological
Observatory of the Department of Meteorology, FW&kure. Average daily temperature was
used to calculate thermal time (TT) for each gropltase. Cardinal temperatures (Nakagawa et
al., 2002; Jagadish et al., 2010), namely baseaeatyre (T 8 °C), optimum temperature &k
32 °C), and maximum temperature.{zk 42 °C), were assumed in the calculation of heat unit
accumulation measured as growing degree days (Gdd)g equation of McMaster and

Wilhelm (1997).

Tmax+Tmin

GDD = Thase..................1
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Tmax iS the maximum temperature, iB optimum temperature and iE the base temperature, 1-x
represents the time interval during which measurgsnerere made (day one to the last day).
Thermal time requirements (?Td) for the different growth phases can also baiabtl from
the sum of the calculated growing degree days sudrower the growing season length (days).
Weather variables at the site of experiment ducirogp growth cycle (soil and air temperatures,
vapour pressure deficit (vpd), solar radiation, dvespeed were monitored from Meteorological
observatory, 500 meters from site of experiment.

Irrigation strategies

In the first experiment (December, 2010), adequ il moisture from planting to date of first
flowering was assumed. Rice seedlings were thexgjoown on residual soil water (soil water
reserve) until date of first flowering (2 to 7 weedfter planting, WAP). Thereafter irrigation
was imposed weekly during reproductive growth (#oiwg to crop maturity: 8 to 16 WAP). In
another set, second planting (January, 2011), sesllings were drip-irrigated weekly from
planting to harvest. For both experiments, irigatregimes consisted of water application at
weekly intervals using drip irrigation system. lath experiments, irrigation was imposed using
low-head (gravity) drip system weekly and fortnigrand 1.38 liters of water per plant at each
irrigation. Irrigation water was applied using theavity-drip irrigation system while water was
delivered to plants via point source emitters &hZ2 discharge rate. The emitters were installed
on laterals per row of crop and were spaced 1 fyapart. Irrigation buckets were suspended on
1 — 1.5 m high stakes to provide the required hyldrdneads. Drip irrigation was applied using
point source emitters and the emitters (Z ischarge rate) were installed on laterals perabw
crop. Irrigation buckets were suspended on 1 —ni.ghydraulic heads) high stakes (IWMI,

2002).
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Data collected were subjected to analysi variance (ANOVA) while significant
treatment means were separated using the LeasfiGgoe Difference (LSD) test at 5% level
of probability. Simple correlation and regressioralgsis was performed between some of the
measured growth and seed yield characters of ndeneather factors during rice growth. Three
functional forms of regression models (exponenpalyer, logarithmic) were fitted to into these

relationships.

The second year experiments (December, 2011 and R2) were set up following the
identical treatments and procedure of December) 20 May, 2011 experiments. There were
no significant differences in the results obtaifresn year to year, and due to the similar yearly
pattern of response of pepper to the soil moistumeagement strategies, the data for the 2 years
of study were pooled and a 2-factor analysis ofiavewe was carried out. Therefore, data
collected o for the two-years of study (2010 -2002ye averaged and means are presented in

tables and figures.

RESULTS

Weather conditions of the site of study during rice growth.

An experiment was carried out during the dry seaecember 2010 and May, 2011). The
growing environmental condition of the dry seasencharacterized by high solar radiation
intensities and temperatures (air and soil) and felative humidity and high vapor pressure
deficits and open water evaporation (Fig. 1a). Treads weather conditions during period of
study (December 2010 and May, 2011) is presentdtignlb and 1c. The figures showed that
during the course of rice growth and at differdafyes in the respective sowing dates December
2010 and January, 2011), rice plants were subjdotedncurrent stresses of soil moisture and

vapor pressure deficits and high air temperatures.
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Soil moisture storage (replenishment) and depletion.

The values of soil moisture taken at 10 cm depffierdid for the first (residual soil moisture plus
supplementary irrigation at reproductive growthyl asecond (irrigated crop from planting to
harvest) sowing dates (Fig. 2a and 3a). For theeber sown crop, the initial soil moisture
contents were high possibly from the late rainsthedf second modal rainfall pattern which
terminates about November and residual effecteeféceding flood. The sequence of depletion
and replenishment of soil moisture under first aadond sowing dates (supplementary and full
irrigation) are shown in Fig 2b and 3b. During #stablishment and vegetative growth stages,
differences in soil moisture storage (replenishmeatirrigation) were found. In general, high
soil moisture storage was observed within the fiosthe five weeks after sowing before the
attainment of anthesis/heading dates. Thereaftaverl moisture was stored in the soil at
reproductive phase (heading and seed filling pégridthe site of the experiment is a flood plain
(Fadama) characterized by shallow water table depths,lleapirise from the water table in
addition to the residual moisture from the raikéalhanced floods can have influenced the soll
moisture content (storage) within the rice plarmttrmone.

Growth, yield and yield components of rice.

Significant differences were observed for growtd gield parameters of cowpea in the different
sowing dates (December and January). Among thevaceties, differences were obtained in
other growth phases such as 50 % flowering dateéal filling and physiological maturity of
seeds (Table 1 and 2). The selected rice variatsgshad different maturity dates in particular,
differences in the duration of reproductive groptiase.

Based on the parameters measured in this stud{gkbema (upland) variety is superior to the
others (Upland Nerica 4 and lowland Nerica 1 and Qyer other the Nerica varieties,
significantly higher values of root dry weight, nber of roots, root length, shoot dry weight,
length and breadth of the flag leaf, flag leaf, f@mof tillers, panicle and seed weight were

produced by the Ekpoma variety. However, the lodlBierica varieties produced similar (non-
9
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significant differences) in plant height, numberedves, spikes / panicle and spikelets / panicle,
panicle and seed weight / panicle and harvest ir{t#x The inherent potentials of the four
varieties appeared to be remarkably expressed dotlerrigation (January sowing date) than
growth on residual soil moisture plus supplementargation during reproductive growth phase
(December sowing date). In the January sowing wioenplants were irrigated from planting to
maturity, significant higher (R 0.05) values of most of the parameters consideré¢ais study
were obtained.

There was considerable variation between the twapmg of rice tested for growth and seed yield
characters (Table 3). For example, the two bessl{upland Ekpoma and Nerica 4), had similar
yield performance when grown under irrigation frphanting to maturity (harvest) but differed
significantly in their trait combinations. The sificantly improved performance of upland
varieties (Ekpoma and Nerica 4) for the respedingt and second sowing dates(Table 3), was
associated with for example higher seed weight42®7.6g compared with 2.0 and 5.1 g) and
leaf area (68 and 96 Trtompared with 42 and 523n Genotypic potential can explain the
variation for most of the measured traits (root ahdot, panicle and seed weights and harvest
index). The results indicate that for most of tteét$ measured (root and shoot weight, leaf area,
plant height, number of tillers, panicle and seezight, 100 seed weight and harvest index),
these parameters were significantly different betw®ecember (first) and January (second)
sowing dates (Table 4). Over December sowing, ibld ydvantage of the January sowing under
irrigation throughout growth is associated withHdalplants (103.4 and 76.8 cm), leaf area (76
and 52 M), and shoot biomass (103.7 and 79 g), panicle wé®30 and 0.20 kg) and harvest
index (8.9 and 6.7). In addition, the seasonal sf@irsoil moisture depletion within crop root
zone and efficiencies of water use (186 and 223 MmAB81 and 0.053 t.Hamm™) were higher

for the January sown crop (Table 4).
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Some of the measured growth and seed yield chasaateice were related with the prevailing
weather conditions of the respective sowing (Deamand January) and regression equations
(exponential, power, logarithmic) were fitted totanthese relationships. The regression
coefficients () which were mostly negative for these relationshiffered for the two sowing
dates differed, Rvalues were higher for the December sowing dateufa higher for January
sown rice for minimum temperatures (Table 5). Shoomass (tiller number and leaf area)
correlated strongly with crop water satisfactiom'ss index (CWSI; 1-EJET,), accumulated
heat units/thermal time and evaporative demand mmdmum temperatures. Similarly, seed
yield were negatively and highly associated wittaporative demand and thermal time and
minimum temperatures.

Exponential and power functions which had highesfficients (R > 0.80) were the lead
equations on the basis of statistical propertig®s€ equations best described the relationships
between weather factors and measured growth ardl \selel characters of rice for the two

sowing dates.

DISCUSSION

Among four rice varieties, genotypic tolerance bé tsoil and air temperatures, soil and air
moisture deficits of the dry season was evaluatetithe value of genotypic tolerance attributes
to seed yield production was discussed. The soiktire management strategies adopted (soil
moisture replenishment via supplementary and frtjation regimes) produced changes in soil
moisture storage, plant water extraction/depletiothe root zone. Panicle weight and panicle
contribution to seed yield (productive spikes apikelets) appeared to be affected by root zone

soil moisture status and growing weather condit@nseading (anthesis) and seed filling period.

Over supplementary irrigation, full irrigation thughout crop growth (January sowing) enhanced

soil moisture status and the growth and yield attara of rice. Irrigation is known to ameliorate
11
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the hydrothermal regimes of soil. Plant biomasst(end shoot dry weight) and leaf area were
better under full drip irrigation strategy and thgproved growth was accompanied by high grain
yield and water use efficiency (WUE) (Agele et 2D,10: Jagadish et al., 2010). In addition, the
tested rice varieties responded differently to seipentary and full irrigation strategies which is
attributable to genetic characteristics. The digsse is characterized by negligible rainfall, low
relative humidity, and high soil water evaporatimd solar radiation (high climatic demand).
These environmental conditions are known to affigomass accumulation and seed setting and
yield of rice (He et al., 2009: Jagadish et al1@0

Drought is the most important factor limiting ripeoductivity under rainfed system worldwide
and especially in the humid tropics. In this studyr varieties of rice were field evaluated their
yield performance and related traits under varialolié moisture regimes (residual soil moisture
at the vegetative stage supplemented with irogasit the reproductive stage and full irrigation
schemes throughout growth phases in the dry seasoninland flood plain (fadama).

The study established the relationship betweengtrotolerance and yield potential among the
tested rice varieties and possible mechanisms fthmadtioned together to contribute to their
improved drought tolerance and seed yield potemtidAlVhen compared with upland varieties,
lowland rice had significantly lower biomass anddgields in addition to lower harvest indices
However, differences were not significant betwelka gjroups in terms of biomass and seed
yields under full irrigated conditions. A possiblaechanism is dehydration avoidance,
characterized by significantly higher growth aftitdés and biomass accumulation across
varieties and groups under stress and profound dgsenmaccumulation under full irrigated
conditions. Under full irrigated conditions all \etres were characterized by improved harvest
index signifying efficient biomass partitioning stdting primarily from heavier panicle and seed
weight. These ascertions were true and can expenhigh biomass accumulation and seed

yield production in the Ekpoma variety, the bestfggening line. Considerable variation in the

12
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measured traits among the lowland and upland wesiemplies differences in the degree of

drought tolerance and yield potential

The most important mechanism contributing to draugkerance of the improved upland and
lowland Nerica lines was inferred to be dehydratiamoidance, characterized by their
significantly higher biomass under stress. Thismasm was reflected by their better abilities
to maintain a high biomass accumulation under stréee measured drought tolerant-related
traits in the tested rice varieties which presumabk the underlying mechanisms functioned
together and contribute to their improved drougih¢rance and seed yield potentials. However,
the contributions of these traits to drought tahere and seed yield production in the upland and
lowland rice varieties appeared to vary dependingspecific period (growth phase) during

growth which drought stress was experienced.

The measured drought tolerant-related traits ineiseed rice varieties which presumably are the
underlying mechanisms functioned together and dmn# to their improved drought tolerance

and seed yield potentials. However, the contrimgtioof these traits to drought tolerance and
seed yield production in the upland and lowlan& warieties appeared to vary depending on

specific period (growth phase) during growth whittbught stress was experienced.

Efficient biomass partitioning characterized byhigarvest index (HI) can be attributed as the
mechanism that contributed to drought tolerance wietd potential among rice varieties.
characterized by higher harvest index (HI). Thisswansistent with previous reports that the
maintenance or improvement of HI is of critical ionfance for drought tolerance (for grain
yield) under terminal drought stress (Fischer gt24103; White and Wilson, 2006; Monneveux
et al, 2008; Fukai et al.2009). The increase in HI under drought conditias most probably
associated with a higher remobilization of assitegao fill the grains. Previous studies showed

that the contribution of dry matter partitioningyfn stems and leaves to grain filling increased

13



341 with the severity of drought stress (Atlin et @004). The full irrigation applied in this studgdh
342 greater effects on shoot biomass size (source yuppits (plant height, leaf area, number of
343 tillers), whereas supplementary irrigation greadifected traits related to sink size and

344  partitioning (panicle and seed weight, total numifeseeds and harvest index).

345 The environmental conditions after the initiatioh reproductive growth can change floral
346 development, alter pollination, or prevent seedinfil and ultimately seed vyield in crops
347 (Zinselmeier et al., 1999; Pressman et al., 20@# 8t al., 2002). In crops cereals in particular,
348 unfavourable growing environment condition suchdasught imposes assimilate limitation,
349 restricts pollination and decreases kernel set (il_dred Andrade, 1995; Zinselmeier et al., 1999;
350 Agele, 2006). In addition to the prevention oflp@tion presumably by low water potentials
351 during grain filling can arrest ovary growth andisa embryo abortion (Pressman et al., 2002).
352

353 Traits such as biomass accumulation, leaf arealof@went (duration of canopy), capacity for
354 assimilate reserve and mobilization to reproducsitractures (grain) are important to crop yield
355 under variable soil water and thermal regimes (Thagt al., 1993; San Jose et al., 2003). Plants
356 possess traits which are important to the survaral productivity parameters, these traits are
357 also involved in setting tolerance limit to and f@nincreased productivity under variable
358 weather conditions (He et al., 2009: Jagadish.e28M0). The identification and understanding
359 of the values of these traits is important in thrategies to improve genotypic adaptation of
360 crops in areas and seasons when varying degressilomoisture deficits and temperature
361 extremes are encountered at some stages of creghgaoycle. The tested varieties exhibited
362 differences in their sensitivity to the growing sea environmental conditions. The greatest
363 sensitivity occurred in the lowland Nerica varistie

364
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Regression equations were worked out between soavetly parameters of cowpea and some
weather variables. These relationships were cteniaet! by variable regression coefficient$)(R

in the different sowing dates. The regression ddiefits (F) show that on the average, about
40% of shoot biomass and seed yield productiorcenis determined by minimum temperatures,
open water evaporation, atmospheric dryness (vppssure deficit) and accumulated thermal

time requirements during the growing period.

Conclusion
Four varieties of rice were evaluated for benefficsponses to multiple abiotic stress factors

(soil and air moisture deficit and temperaturesstes) via phenotyping cultivar attributes. The
results of this study demonstrated that the tested varieties (upland and lowland) differed for
most of the traits (parameters) measured betweebDétember and January sowing dates. Total
seed vyield (3.2 t K9 was higher in January over December (1.24}) ls@wing in addition to
higher water use efficiencies (0,053 & 0.031 t.nam'). The reductions in yield for December
sowing is associated with reductions in leaf asb@ot weight panicle and 100 seed weight and
harvest index across all tested lines. The two ggaof rice tested differed in their growth and
seed yield characters. For example, the two bass l{(Upland Ekpoma and Nerica 4), had
similar yield performance in both sowing dates) Hiifered in their trait combinations. The
improved performance of upland over the lowlandetas for the respective first and second
sowing was associated with an increased shoot E®r(@5 and 4.5 g), increased seed weight
(5.5 and 3.5 g) and HI (8.5 and 7.5) . Over theldow varieties, upland Ekpoma and Nerica 4
exhibited superior ability to produce tillers, pari and seed weights. Some of the measured
growth and seed yield characters of rice were edlatith the prevailing weather conditions of
the respective sowing (December and January). €geession coefficients @Rwhich were
mostly negative for these relationships differed tfee two sowing dates differed. The strong
negative association of CWSI with seed yield intisahe inability of soil moisture storage to
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satisfy rice water requirements (§TThe indigenous or land races of rice from tlopits have
wide adaptability and excellent grain quality, mbderate yield potential (low productivity).
The growth and yield potential (adaptation) of thesdigenous varieties may be related to

ability to tolerate multiple and concurrent abiaticesses of soil and air moisture deficits.
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545
546 Table 1. Physical and chemical properties of sodlite of experiment

547
Soil properties 5A8
Sand (%) 40.9
Silt (% 30.8 ggg
(%) 28.3
Clay (%) 551
T Sandy clay loam 552
extural class 553
Bulk density (g.crif) 1.24 554
Porosity (%) 51 555
Infiltration rate (mm.g) 3.18 556
, 40.1 357
Saturation (%) 558
Field capacity moisture (%) 219 559
1500 KPa moisture (%) 17.2 560
Water holding capacity (%) 21 561
Organic matter content ((mg'y 4.23 ggg
564
565

566 Table 2. Growth and yield parameters of rice vasegrown in residual soil moisture in the dry
567 season in an inland valley swamp (December 2018y R011)

568

569 Ricevarieties

570 k@dbma Nerica4 Nerical Nerica2 DL®.05)
571 up(and) (upland) (lowland) (lowland)

572 Parameters

573

574 Root dry weight (g) 3.07 0.94 0.74 0.57 4.
575 Total No of roots 145.50 100.41 73.76 7141 15.21
576 Total root length (cm) 723.04 291.17 302.22 288.18 43.24
577 Shoot dry weight () 4.17 1.55 1.20 1.08 0.5
578 Total plant fresh biomass (g) 18.13 1399 1759 14.86 4.60
579 Plant height (cm) 80.24 75.17 77.05 7491 3.62
580 Stem girth (cm) 0.45 0.37 0.32 0.30 0.02
581 No of leaves@ 50% flowering  6.17 4.60 5.55 5.02 1.42
582 Leaf area/ plant (cfi 70.25 53.88 a1.0 42.30 24.62
583 Length of flag leaf (cm) 34.08 28.51 25.64 25.23 7.63
584  Width of flag leaf (cm) 1.82 1.53 1.39 1.26 0.08
585 No of productive tillers / plant ~ 4.09 3.64 2.71 2.57 0.21
586 Heading date (50% flowering) 100 65 65 65
587 No of spikes / panicle 10.7 104 10.5 8.9 1.52

20



588 No of spikelets / panicle 11155 3.4% 67.55 63.50 18.7

589 Panicle weight / plant (g) 173 715 163 141 21.03
590 Seed weight / panicle (g) 3.40 2.46 1.91 2.10 0.36
591 Seed yield (t/ha) 1.70 1.23 0.96 1.05 210.
592 100 seed weight / plant (g) 3.55 2.99 3.41 3.31 0.06
593 Harvest index (HI) 53 57 8.2 7.6 .02
594

595

596 Table 3. Growth and yield parameters of four rieeeties under full irrigation in the dry season
597 in an inland valley swamp (January 2011 — May 2011)

598

599 Ricevarieties

600 k@dbma Nerica4 Nerical Nerica2 DL®.05)
601 up(and) (upland) (lowland) (lowland)

602 Parameters

603

604 Root dry weight (g) 13.0 3.02 5.81 5.17 .4
605 Total number of roots 400.1 352.3 208.9 209.3 15.21
606 Total root length (cm) 1680.9 30 1079.8 1064.8 43.24
607 Shoot dry weight (g) 14.00 3.49 6.58 6.08 0.54
608 Total plant fresh biomass (g) 108.5 100.0 100.1 106.3 4.60
609 Plant height (cm) 127.9 106.9 88.8 70.2 11.9
610 Stem girth (cm) 0.5 0.42 0.27 0.28 0.02
611 No of leaves@ 50% flowering 15.43 14.95 10.48 11.10 1.42
612 Leaf area/ plant (cfi 112.54 78.45 57.79 55.60 24.62
613 Length of flag leaf (cm) 40.74 5.36 30.36 31.74 2.74
614 Width of flag leaf (cm) 217 1.76 1.58 1.55 0.29
615 No of tillers/plant 440 3.93 3.75 3.78 .20
616 Heading date (50% flowering) 100 73 70 71
617 No of spikes / panicle 13.4 11.6 12.4 10.7 1.55
618 No of spikelets / panicle 155.60 110 94.5 93.8 28.70
619 Panicle weight / plant (g) 2754 323 268.2 236.8 23.4
620 Seed weight / panicle (g) 9.21 6.10 5.17 4.99 0.36
621 Seed yield (t/ha) 4.61 3.05 2.59 250 4
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622 100 seed weight / plant (g) 3.50 3.22 3.22 3.09 0.30
623 Harvest index (HI) 86 9.1 9.3 8.8 1.1
624

625

626
627
628

629 Table 4. Growth and yield of the upland and lowlaice varieties for December and January
630 sowing dates

Sowing Root Shoot Leaf Plant | Number | Panicle | 100 Seed Harvest
dates biomass | biomass | area height | of tillers | weight | seed weight index
(9) (9) (cn?) (cm) per (9) weight | per plant
stand (9) (9)

December sowing date

Upland 21 2.8 68 79 3.8 223.3 3.3 2.9 6.95
varieties

Lowland 1.3 1.7 42 76 2.6 195.4 3.4 2.0 7.40
varieties

LSD (0.05) | 0.42 0.46 7.6 4.1 0.54 21.7 0.43 0.46 350.

January sowing date

Upland 9.0 9.5 95.3 118.2 4.2 215.6 3.3 7.6 8.75
varieties

Lowland 5.5 6.8 58.2 79.7 3.8 189.7 3.2 51 8.21
varieties

LSD (0.05) | 2.7 2.3 17.7 22.6 0.33 14.8 0.31 1.63 710.

631
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632

633

634

635

636

637

638 Table 5. Growth and yield of rice for Decembans{j and January (second) sowing dates

Sowing | Shoot | Plant | Leaf area| Panicle | Seed Number | 100 Seed Harvest | Total Seasonal | Water

biomass| height | (cm2) weight | weight | of seeds| seed yield index water sum  of| use

(9) (cm) (9) per per weight | (t/ha) applied | soil efficie-

panicle | panicle | (9) (mm) moisture | ncy
(9) storage (mm/Kg)
(mm)

First 79.30 76.84 | 51.9 0.15 2.47 10.8 3.32 1.24 6.7 | 40 186 0.031
Second | 103.74| 103.42 76.1 0.26 6.37 11.4 3.26 3.19 8.9 60 223 0.053
LSD 9.31 1242 | 9.7 0.05 0.8 0.04 0.03 0.67 1.43 - - 0.003
(0.05)

639

640

641

642

643

644

645

646

647

648

649

650
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651 Table 6. Association ofsome weather factors with growth and yield chamcbf rice during its
652 growth.

ggi Parameters Regressmprations R

655

656  Seed weight and CWS: First y = -13.28x+6.4 0.94
657 Second y = -3.93In(x) +1.31 0.92
658 100-seedweightand CWS: First y = -37.9x+21.6 0.95

659 Second y = 3.754%° 0.81
660 Seedweight and vpd: First y =-4251x+6.4 0.94
661 Second y = 1403.5&% 0.64
662

663  100-seed weight and vpd: First y =5182.x>% 0.92
664 Second 'y =241.088"* 0.40
665 Panicleweight andvpd First y = 123.7¢% 0.90
666 Secondy = 21.088%* 0.57
667 Leafareaand Thermal time:First y = 123.7&% 0.90
668 Second y =2353In(x) + 179 0.73
669 Seedweightand Tminimum: Rainy y = 0.1039.14x+1472 0.53
670 Sedony = 855.8¢"%* 0.64
671 Panicleweightand T minimum: Rainy y = -110In(x) + 347.8 0.40
672 Secondy = 0.0%.23x+150.7 0.71
673

24



—— Solar Radiation

= 40 - 250
& —— Temp
a 35 —— Open water
< m evaporation (mm/day) || 544
2 30 -
=
o
@ i —_—
g_ 25 150 £
2 £
o 3
£ =
2 15 A 100 3
s 15 e
s
2 10 -
5 50
s
5 9 _ .
o r— -:-_..-r.-.‘-'-‘e‘:'_t;__ o
=} e — e e ———
53

0 - 0

0 30 60 90 120 150 180 210 240 270 300 330 360
Dav of vear

Fig. 1a. Some meteorological variables at site of experiment

674
675
676
5 32
45 31.5
A
.
35 2
- z
E; 30.5 3
- o
o @
2.5 30 g
£ 3
L) £
9 29.5 E
=
1.5 T
29 2
1
0.5 28.5
0 28
345 360 15 30 45 60 75 90 105 120
Day of Year
mmmm Open water Evap. (mm/day)
677 Fig. 1b. Pattern of Eo, vpd & Temperature during rice growth (rainfed crop)
678
679
680
681

25



682

683
5 32
=
s
o
L 31.5
24
p
=8 —
©35 3
§- 31 ‘E
g 3 3
s :
DE 305 £
== g
c
£, :
1]
5] c 30 %
g s
W
g1
g 29.5
3.5
=3
o
0 29
15 30 45 60 75 90 105 120 135 150 165 180
Day of Year
s (Open water Feap. (mm/ day)|
684 Fig.1lc. Pattern of ko, vpc and lemperature during rice growth (full irrigated crop)
685
686
687
688
689
690
691
692
30
E 25 -
E
)
g 20
frer]
=
=
("] 15 —
[
B
g
2 10 - BSMC(mm)
£
a 2
D —
345 360 5 15 30 45 60 75 90 105 120
Day of year
693 Figz. 2a. Pattern of sail moisture contents during rice growth { Rainfed Expt)
694
695

26



696

697

~

o
]
L] lnm.
o g S
Z
LN =
T T TR
NN = E
)
IR = =
- B
INNNNEREENREN 3 5 =
v
>
_-_-J_-_-_n_-_u_-_-_ NN = s 3
> 1)
- 3 E
NN = 2 3
2
=
NN S z
] E
f—
(] =
(LLLL LD =
! 5]
LTy ﬂ_m
-_1_-_-_-_ LLL LT - o
T T T T T T ﬂw
N0 W ST ey 00 O ST M €D 2
e B B I Lo I e TR i T
(%) uonajdap aunsiow [10g
0]
(@)}
©

699

700
701
702
703

704
705
706
707
708
709

B SMC(mm)

LN o LN o LN
(] (] — —

{wuw} syua3U0d 3anisiow 10§

15 30 45 60 75 90 105 120 135 150 165

5

Day of Year

Fig. 3a. Pattern of soil moisture contents during rice growth {irrigation Expt)

710
711
712
713

27



714

715

Soil moisture depletion (%)

5 15 30 45 60 75 90 105 120 135 150 165

Day of Year

Fig. 3b. Pattern of soil moisture depletion during rice growth {irrigation
Expt)

mSWD

28




