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Yield traits and water productivity in rice varieties (Oryza sativa L.) responses to Fadama-
habitat 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 determine ffexts of soil water management
strategies (growth on residual soil moisture atuvbgetative 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 growntlire dry season in an inland valley swamp
(fadama). The fouselectedvarietiesselectedvere two upland (Ekpoma local and upland Nerica
4) and two lowland (lowland Nerica 1 and 2). Thstfplanting (December, 2010) adequacy of
soil moisture from planting to date of first flovuiey was assumed, thereafter irrigation was
imposed during reproductive growth. In the secoadisg (Janaury, 2011), rice plants were
drip-irrigated from planting to seed harvest. Theuits indicated that differences between the
December and January sowing dates were found fisgmi for most of the traits measured (root
and shoot weight, leaf area, plant height, numibeitlers, weights of panicle and 100-seed and
harvest index). Total seed yield and harvest irgl{819 t ha:10.1) was higher in January over
December (1.24-ha': 6.3) sowing in addition to higher water use édficies (0.053 and 0.031

t -ha’ .mm"). The seed yield reduction was associated withuctons in plant height
Seasonal soil moisture storage ranged from 18&@8r@m for the respective first (December)
and second (January) sowing dates. The two best (ldplandcultivars;Ekpoma and Nerica 4),
had similar yield performance when grown undegation from planting to maturity (harvest)
but differed significantly in their trait combinatis. Over other varieties, upland Ekpoma and
Nerica 4 exhibited superior ability to produceetiff, panicle and seed weights in both first and
second sowing dateg-unctional relationships between some weather bi@saand growth and
yield characteristics of rice which gavéuigh regression coefficients {Rshowed that, the
differences in shoot biomass and seed yield pramludbetween the sowing datés-were
explained by a combination of weather parametdéise evaluated varietal yield potential and
related traits measured under variable soil mastagimes were discussed in relation to
genotypic adaptation (drought tolerance) amondedhted rice varieties. It is concluded that, in a
cultivar, higher yield potential may be related ability to tolerate multiple and concurrent
abiotic stresses of soil and air moisture defind gemperature 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 nmammshmon of all domesticated cereals, a

tropical G species, carries an odiethavioeubehaviorof tolerance and susceptibility to abiotic
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stresses as compared to other field crops (Tuomgd,e1999). Rice thrives well in water logged
soil and can tolerate submergence at levels thatdadll other crops, also is moderately tolerant
of salinity and soil acidity, but highly sensitite drought and cold (Narciso et al., 2000). In the
lowland ecosystem, rice is subjected to intermitseromergence (water depth of 0.5 to 1 m that
cover the foliage), to salinity stress in coastdions and drought in upland conditions. The
rainfed areas occupy about-30of the total world rice growing areas where hyggiding semi-
dwarf rice varieties are not widely grown becaulstheir poor adaptability to the more stressful
rainfed conditions (Liu et al., 2005). Among theagic stresses in the rainfed systems, drought
is the most important factor limiting rice prodwity (Lafitte et al., 2007; Ali et al 2008;

Venuprasad et al2008).

Tuong and Bauman (2003) presented a review of wataiuctivity 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. Wateitdd condition is related to insufficient soil
moisture available to support average crop prodogthis situation affects 23 million hectares
of rice yearly (Pandey et al., 2007). Rice is paittirly sensitive to drought stress and even mild
drought stress can result in significant yield dhn in rice (O'Toole, 1982; Centritto et,al

2009). -Drought stress particularly duringpwering-flower developmentastage can result in

severe yield losses. The physiological processemgluhe sensitivelowering-reproduction
stage, negatively affecting spikelet fertility umdeater stress anther dehiscence and pollen
germination (Ekanayake et al., 1990; Liu et alQ®0were similar to high-temperature stress
(Yoshida, 1981; Jagadish et al., 2010). Additionafianicle exsertiomxertion (O'Toole and
Namuco, 1983), and peduncle length (He et al., 6@y be partly responsible for increased
sterility under water stress. Genotypic attribigash as stature (plant height ange+vigor),

tillering habits, root size, root morphology andhgigy and other physiological attributes such as
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stomatal closure and osmotic adjustment had begiicemed as possible mechanisms for

drought tolerance (Cutler et al., 1980; Liu et 2005).

The rice growing agroecologies are characterizednaximum day-time temperatures either

close to or higher than the critical threshold iagdetween 33-C (Nakagawa et al., 2002) and

356°C (Yoshida, 1981). High-temperature stress canecatsversible damage to plant growth | Formatted: Not Superscript/ Subscript

A

and development (Wahid et al., 2007). Temperatgreater than 35-C at anthesis and lasting
for more than 1 h can lead to high sterility inerigJagadish et al., 2007). A high-temperature
stress-induced increase in spikelet sterility takaitable to abnormal anther dehiscence (Matsui
and Omasa, 2002), impaired pollinatidvatsui et al., 2005), and pollen germination (Jégfad
et al., 2010). Moreover, high temperature of-B9given a day before flowering resulted in poor
anther dehiscence during subsequent anthesis (MatsliOmasa, 2002). High temperatures
stress given a day prior to anthesis affected drenal functioning of the pollen sac dehiscence
and pollen viability (Matsui and Omasa, 2002). Tiegroductive stage in rice is affected
irreversibly by high temperatures (Prasad et @062 and soil moisture deficit stress than the
vegetative stage. Water deficit during reproducsiage 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 depertie aluration and severity of the stress (Araus

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

In circumstance of the changing climates of thereitrice could more subjected to simultaneous
high temperature and water stress during senditixelopmental stages such as heading and

seed filling.-As the global climate changes continue, water sigeriand drought have become

an increasingly serious constraint limiting riceguction worldwide (Wassmann et,a2009).  Formatted: Font: Not Italic

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
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among regions and locality, and their responsectogical variations is different. The high
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 wetlandonstitutes about 135 million ha of land (IWMI,(Z).
Extensive land areas in Nigeria are characterizeshbllow water tables fed by steams and river
courses. These ecosystems which are seasonallyeflp@re called inland valley swamps or
inland flood plains (thdadama in Hausa). The inland valley swamps are charatdriby
seasonal flooding at the peak of the rainy seabigh residual moisture regimes in the dry
season and variable but shallow ground water @dyie¢hs. The agricultural potentials of tropical
inland valley swamps or flood plains can be hare@ssa the effective management of its soil
and water resources. Field experiments were coaduntorder to examine pattern of water use,
growth and yield of four varieties of rice grown the dry season in an inland flood plain
(fadama) under irrigation management strategies.aiim 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 adaptatiamong the tested rice varieties.

MATERIALSAND METHODS:
Description of Study Area-
The study was conducted at the Teaching and Résdamn of the Federal University of

Technology, Akure, a humid rainforest zone of southwest Nigeria (L&t 14-'N and

wo_ - X MM

Lend ongitude 5-°¢ 08-'E) and at 35 m above sea leveThe mean annual rainfall range
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between 1300-1600 mm and with average temperature ¢f30. The relative humidity ranges
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between 886 during the rainy season and less thaf6during the dry season.

the effects of soil water management strategieswir on residual soil moisture at the
vegetative stage supplemented with irrigation at tdproductive stage and growth under full
irrigation throughout) on water use, yield and giebmponents of four varieties of rice grown in
the dry season in an inland valley swamp (fadani&e varieties evaluated are (i) Ekpoma local
(if) Upland Nerica (iii) Lowland Nerica 1, and (ibowland Nerica 2. Rice seeds were planted
on soil water reserve until peak vegetative groidte of first flowering) after which irrigation
was imposed during reproductive growth (flowerinogctop maturity), and between Janaury and
May 2010).-Seeds of four varieties of rice consisting of tugand (Ekpoma local and upland
Nerica 4) and two lowland (Nerica 1 and 2) wereaotgd from the African Rice Centre, Ibadan
and Edo State Agricultural Development project, iBeQity.- Rice seeds were sown on the field
at 90 by 20 cm spacing along the row and at thme-replications per treatment. The
experimental site consisted of two blocks each luittv measures 13.50 by 90 m. The land was
manually cleared, packed, and Force-Up herbicide agplied at the rate of {8rediters per
hectare to further prevent weed competition orplbes.

At maturity, six uniform plants of 0.3*fim 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 wese bven-dried at 75 for 3 days. The dried
samples were then measured for total grain yiettl imcomponents, including biomass, 100-
seed weight and panicle and spikelet weights.

Plant M easur ements
Data were collected on root and shoot biomass, dezdi development, flowering and fruiting
characters and grain yield of rice. Photographsabus operations were also taken on the field.

Data were collected on pattern of soil moistureagfe and depletion, and agronomic parameters
5
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of root and shoot biomass, leaf area and fruitdy@aracters 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 oviemtait 80°eC for 48 h and dry weights were_ - | Formatted:

o N A~

Not Superscript/ Subscript

recorded.
Soil physical and chemical properties | Comment [S4]: Where is the data???
Soil moisture was estimated by gravimetric mettma(-dried moist soil samples at 108 for | Formatted: Not Superscript/ Subscript

24 h). Core samples were taken at surface soitfi@epth) while bulk density determined for
the samples were employed in the conversion ofigetric soil moisture content to volumetric
(cm?®. cm®). -From the experimental field, ten points were sachpteekly starting from planting
to crop physiological maturity-Soil moisture depletion (SWDjere-was obtained from the
differences in soil moisture contents measuredh@teginning and at the end of weekly cycle.

Soil properties (chemical compositions) would beluded???

Accumulated heat units (thermal time) was calcdldtem temperature coefficient for

individual crops. Thermal time (TTeCd) for the phenological phases were calculategh fitwe | Formatted: Not Superscript/ Subscript
daily maximum (Fa) and minimum (Fin) temperatures measured at the Meteorological { Formatted: Subscript
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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 basedeatyre (T 8-°cC), optimum temperature §g | Formatted: Not Superscript/ Subscript
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accumulation measured as growing degree days (GIHDd)g equation of McMaster and

Wilhelm (1997).

Tmax+Tmin _

GDD = Thase.................. 1



166 Thermal Time(TT) = w ............ 2

167

168 ’ Tmax IS the maximum temperaturé;-To is optimum temperature ang 1§ the base temperature,

169 1-x represents the time interval during which measients were made (day one to the last day).

170 ‘ Thermal time requirements (TaCd) for the different growth phases can also baiabtl from | Formatted: Not Superscript/ Subscript
171 the sum of the calculated growing degree days sutrover the growing season length (days).
172 Weather variables at the site of experiment ducirmp growth cycle (soil and air temperatures,
173 ’ vapedwapor pressure deficit (vpd), solar radiation, wind speeere monitored from
174 Meteorological observatory, 500 meters from sitexgferiment.

175 Irrigation strategies

176 In the first experiment (December, 2010), adequaoil moisture from planting to date of first
177 flowering was assumed. Rice seedlings were thexejoown on residual soil water (soil water
178 reserve) until date of first flowering (2 to 7 weeétfter planting, WAP). Thereafter irrigation
179 | was imposed weekly during reproductive growth (foiwg to crop maturity: 8 to 16 WAP)n
180 another set, second planting (January, 2011), semdlings were drip-irrigated weekly from
181 | planting to harvest.For both experiments, irrigation regimes consisiédvater application at
182 weekly intervals using drip irrigation system. loth experiments, irrigation was imposed using
183 | low-head (gravity) drip system weekly and fortnighand 1.38ltresliters of water per plant at

184 each irrigation. Irrigation water was applied usthg gravity-drip irrigation system while water

185 | was delivered to plants via point source emittér& b h'//h discharge rate. The emitters were - | Formatted: Superscript

186 installed on laterals per row of crop and were segat by 1 m apart. Irrigation buckets were

187 suspended on 1 — 1.5 m high stakes to provideetdpgined hydraulic heads. Drip irrigation was

188 ’ applied using point source emitters and the ersitt2#:L h ' discharge rate) were installed on - | Formatted: Superscript
189 laterals per row of crop. Irrigation buckets wewvsgended on 1 — 1.5 m (hydraulic heads) high

190 | stakes (IWMI, 20020\ufaye,-personal-communicatinn
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Data collected were subjected to anslysfi variance (ANOVA) while significant
treatment means were separated using the LeadfiGigee 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 ideneather factorgluring rice growth. Three
functional forms of regression models (exponengialyer, 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) 201 May, 2011 experiments. There were
no significant differences in the results obtaifredn year to year, and due to the similar yearly
pattern of response of pepper to the soil moistueeagement strategies, the data for the 2 years
of study were pooled and a 2-factor analysis ofiavere 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:

Experiments were carried out during the dry segfecember 2010 and May, 2011). The
growing environmental condition of the dry seasencharacterized by high solar radiation
intensities and temperatures (air and soil) and telative humidity and highvapeurvapor

pressure deficits and open water evaporation (E. The trends weather conditions during
period of study (December 2010 and May, 2011) &s@nted in Fig. 1b and 1c. The figures
showed that during the course of rice growth andif¢érent stages in the respective sowing
dates December 2010 and January, 2011), rice pleats subjected to concurrent stresses of

soil moisture andvapeuwaporpressure 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 growthid esecond (irrigated crop from planting to
harvest) sowing dates (Fig. 2a and 3a). For theedéer sown crop, the initial soil moisture
contents were high possibly from the late rainsttef second modal rainfall pattern which
terminates about November and residual effecteoféceding flood. The sequence of depletion
and replenishment of soil moisture und@nst and second sowing dates (supplementary alhd fu
irrigation) are shown in Fig 2b and 3b. During #stablishment and vegetative growth stages,
differences in soil moisture storage (replenishnvtirrigation) were found2-In general high
soil moisture storage was observed within the fiossthe five weeks after sowing before the
attainment of anthesis/heading dates. Thereaftaved moisture was stored in the soil at
reproductive phase (heading and seed filling périddhe site of the experiment is a flood plain
(fadama) characterized by shallow water table dgpthpillary rise from the water table in
addition to the residual moisture from the raikéalhanced floods can have influenced the soil
moisture content (storage) within the rice plamitizone.

Growth, yield and yield components of rice:

Significant differences were observed for growtld gield parameters of cowpea in the different
sowing dates (December and January). Among theveceties, differences were obtained in
other growth phases such as 50 % flowering date&a filling and physiological maturity of
seeds (Table 1 and 2). The selected rice variatsshad different maturity dates in particular,
differences in theduration of reproductive growth phase.

Based on the parameters measured in this studgkpema (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, hemof tillers, panicle and seed weight were

produced by the Ekpoma variety. However, the lodl&erica varieties produced similar (non-
9
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significant differences) in plant height, numbeledves, spikes / panicle and spikelets / panicle,
panicle and seed weight / panicle and harvest ir{tl#x The inherent potentials of the four
varieties appeared to be remarkably expressed dotlerrigation (January sowing date) than
growth on residual soil moisture plus supplemeniargation during reproductive growth phase
(December sowing date). In the January sowing wheenplants were irrigated from planting to
maturity, significant higher (B< 0.05) values of most of thparameters considered in this study
were obtained.

There was considerable variation between the twopg 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 frplanting to maturity (harvest) but differed
significantly in their trait combinations. The sifijcantly improved performance of upland
varieties (Ekpoma and Nerica 4) for the respediig and second sowing dates(Table 3), was
associated with for example higher seed weight#2®7.6g compared with 2.0 ane.1 g) and
leaf area (68 and 96 °ntompared with 42 and 52%m 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 ttaét$ 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, ithld advantage of the January sowing under
irrigation throughout growth is associated witHdabplants (103.4 and’6.8 cm), leaf area (76
and 52 ), and shoot biomass (103.7 and 79 g), paniclewé®30 and0.20 kg) and harvest
index (8.9 and-6.7). In addition, the seasonal sum of soil moestdepletion within crop root

for the January sown crop (Table 4).
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267 Some of the measured growth and seed yield chasaateice were related with the prevailing
268 weather conditions of the respective sowing (Decanamd January) and regression equations
269 (exponential, power, logarithmic) were fitted totanthese relationships. The regression
270 coefficients () which were mostly negative for these relationshijffered for the two sowing
271 dates differed, Rvalues were higher for the December sowing datefa higher for January

272 sown rice for minimum temperatures (Table 5). Shamiomass (tiller number and leaf area)

273 ’ correlated strongly with crop water satisfactiom'ss index (CWSI; 1-EfEFeET)),  Formatted: Subscript

\: Formatted: Subscript

274 accumulated heat units/thermal time and evaporatiemand and minimum temperatures.
275 Similarly, seed yield were negatively and highlys@asdated with evaporative demand and
276 thermal time and minimum temperatures.

277 ’ Exponential and power functions which had highesefficients (R: >0.80) were the lead
278 equations on the basis of statistical propertidéges€ equations best described the relationships
279 ’ between weather factors and measured growth ardl\s8ekl characters of rice fotthe two
280 sowing dates.

281

282 ’ DISCUSSION.-

283 Among four rice varieties, genotypic tolerance loé tsoil and air temperatures, soil and air
284 moisture deficits of the dry season was evaluatebithe value of genotypic tolerance attributes
285 to seed yield production was discussed. The soikture management strategies adopted (soil
286 moisture replenishment via supplementary and fritjation regimes) produced changes in sall
287 moisture storage, plant water extraction/depletiothe root zone. Panicle weight and panicle
288 contribution to seed yield (productive spikes apikedets) appeared to be affected by root zone
289 soil moisture status and growing weather conditmniseading (anthesis) and seed filling period.
290

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

292 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 biomaset(emd shoot dry weight) and leaf area were
better under full drip irrigation strategy and theroved growth was accompanied by high grain
yield and water use efficiency (WUE) (Agele et @D10: Jagadish et al., 2010). In addition, the
tested rice varieties responded differently to seipentary and full irrigation strategieshich is
attributable to genetic characteristics. The dgsea is characterized by negligible rainfall, low
relative humidity, and high soil water evaporatemd solar radiation (high climatic demand).
These environmental conditions are known to affigeinass 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 stuiyyr varieties of rice werdield evaluated their
yield performance and related traits under variaié moisture regimes (residual soil moisture
at the vegetative stage supplemented with iragast the reproductive stage and full irrigation
schemes throughout growth phases in the dry seasoninland flood plain (fadama).

The study established the relationship betweengthotolerance and yield potenti@mong the
tested rice varieties and possible mechanisms fthrattioned together to contribute to their
improved drought tolerance and seed yield potentis/lhen compared with upland varieties,
lowland rice had significantly lower biomass anddgields in addition to lower harvest indices
However, differences were not significant betwelka groups in terms of biomass and seed
yields under full irrigated conditions. A possibleechanism is dehydration avoidance,
characterized by significantly higher growth atiitdes and biomass accumulation across
varieties and groups under stress and profound dgenaccumulation under full irrigated
conditions. Under full irrigated conditions all ieties were characterized by improved harvest
index signifying efficient biomass partitioning stéting primarily from heavier panicle and seed
weight. These ascertions were true and can exptenhigh biomass accumulation and seed

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

12
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measured traits among the lowland and upland vesiemplies 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. Thismetsm 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 presumpabke the underlying mechanisms functioned
together and contribute to their improved drougherance and seed yield potentials. However,
the contributions of these traits to drought tafere 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 indlsted rice varieties which presumably are the
underlying mechanisms functioned together and gt 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& werieties appeared to vary depending on

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

Efficient biomass partitioning characterized byttgarvest 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 gt2003; White and Wilson, 2006; Monneveux
et al., 2008; Fukai et al., 2009). The increasklliunder drought condition was most probably
associated with a higher remobilization of assitedao fill the grains. Previous studies showed
that the contribution of dry matter partitioningiin stems and leaves to grain filling increased

13
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with the severity of drought stress (Atlin et 2004). The full irrigation applied in this studycha
greater effects on shoot biomass size (source wupplts (plant height, leaf area, number of
tillers), whereas supplementary irrigation greadffected traits related to sink size and

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

The environmental conditions after the initiatioh reproductive growth can change floral
development, alter pollination, or prevent seedinfil and ultimately seed yield in crops
(Zinselmeier et al., 1999; Pressman et al., 200 8t al., 2002). In crops cereals in particular,
unfavourable growing environment condition suchdasught imposes assimilate limitation,
restricts pollination and decreases kernel set (Lirad Andrade, 1995; Zinselmeier et al., 1999;
Agele, 2006)-In addition to the prevention of pollination presabty by low water potentials

during grain filling can arrest ovary growth andisa embryo abortion (Pressman et al., 2002).

Traits such as biomass accumulation, leaf arealaj@vent (duration of canopy), capacity for

assimilate reserve andeobilisatien-mobilizationto reproductive structures (grain) are important

to crop yield under variable soil water and therneglimes (Timsina et all993; San Jose et al. - - { Formatted: Font: Not Italic

| Formatted: Font: Not Italic

2003). Plants possess traits which are importarthéosurvival and productivitparameters
these traits are also involved in setting tolerdimo# to and confer increased productivity under
variable weather conditions

(He et al., 2009: Jagadish et al., 2010). The ifieation and understanding of the values of
these traits is important in the strategies to omprgenotypic adaptation of crops in areas and
seasons when varying degrees of soil moistureitiefind temperature extremes are encountered
at some stages of crop growth cycle. The testedties exhibited differences in their sensitivity
to the growing season environmental conditions. gieatest sensitivity occurred in the lowland

Nerica varieties.
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Regression equations were worked out between soowettg parameters of cowpea and some
weather variables. These relationships were cheriaet! by variable regression coefficientd)(R

in the different sowing dates. The regression dciefits (R) show that on the average, about
40% of shoot biomass and seed yield productioicais determined by minimum temperatures,
open water evaporation, atmospheric drynessdurapor pressure deficit) and accumulated

thermal time requirements during the growing perio

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

(soil and air moisture deficit and temperature sses) via phenotyping cultivar attributes. The
results of this study demonstrated that the tesieel varieties (upland and lowland) differed for
most of the traits (parameters) measured betweeDdtember and January sowing dates. Total

seed yield (3.2 t hY was higher in January over December (1.24%) lsawing in addition to

higher water use efficiencies (0,053 & 0.08d" /mnj"). The reductions in yield for December - | Formatted: Superscript

\: Formatted: Superscript

sowing is associated with reductions in leaf asb@ot weight panicle and 100 seed weight and
harvest index across all tested lines. The two ggoaf rice tested differed in their growth and
seed yield characters. For example, the two bessl(Upland Ekpoma and Nerica 4), had
similar yield performance in both sowing dates) Hiffered 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 Bi®rf&5 and 4.5 g), increased seed weight
(5.5 and 3.5 g) andHl (8.5 and 7.5) . Over the lowland varieties, mgl&kpoma and Nerica 4
exhibited superior ability to produce tillers, pelei 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). €heession coefficients @R which were
mostly negative for these relationships differed tfee two sowing dates differed. The strong
negative association of CWSI with seed yield intisathe inability of soil moisture storage to
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satisfy rice water requirements (§TThe indigenous or land races of rice from tlepits have | Formatted:
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wide adaptability and excellent grain quality, bobderate yield potential (low productivity).
The growth and yield potential (adaptation) of #hésdigenous varieties may be related to

ability to tolerate multiple and concurrent abiaticesses of soil and amoisture deficits.
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Table 1. Growth and yield parameters of rice vasegrown in residual soil moisture in the dry

season in an inland valley swamp (December 2018y R011)

Ricevarieties
kgbma Nerica4 Nerical Nerica2 DL®.05)
up(and) (upland) (lowland) (lowland)

Parameters

Root dry weight (g) 3.07 0.94 0.74 0.57 4.
Total No of roots 145.50 100.41 73.76 71.41 15.21
Total root length (cm) 723.04 291.17 302.22 288.18 43.24
Shoot dry weight (g) 417 1.55 1.20 1.08 0.5
Total plant fresh biomass (g) 18.13 1399 1759 14.86 4.60
Plant height (cm) 80.24 75.17 77.05 74091 3.62
Stem girth (cm) 0.45 0.37 0.32 0.30 0.02
No of leaves@ 50% flowering  6.17 4.60 5.55 5.02 1.42
Leaf area / plant (cfh 70.25 53.88  41.0 42.30 24.62
Length of flag leaf (cm) 34.08 2851 25.64 25.23 7.63
Width of flag leaf (cm) 1.82 1.53 1.39 1.26 0.08
No of productive tillers / plant ~ 4.09 3.64 2.71 2.57 0.21
Heading date (50% flowering) 100 65 65 65
No of spikes / panicle 10.7 104 10.5 8.9 1.52
No of spikelets / panicle 111.55 3.4 67.55 63.50 18.7
Panicle weight / plant (g) 173 715 163 141 21.03
Seed weight / panicle (g) 3.40 2.46 1.91 2.10 0.36
Seed yield (t/ha) 1.70 1.23 0.96 1.05 210.
100 seed weight / plant (g) 3.55 2.99 341 3.31 0.06
Harvest index (HI) 53 57 8.2 7.6 .02
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586
587
588

589 Table 2. Growth and yield parameters of four riaeiaties under full irrigation in the dry season
590 in aninland valley swamp (January 2011 — May 2011)

591

592 Ricevarieties

593 kgbma Nerica4 Nerical Nerica2 DL®.05)
594 up(and) (upland) (lowland) (lowland)

595 Parameters

596

597 Root dry weight (g) 13.0 3.02 5.81 5.17 ®.4
598 Total number of roots 400.1 352.3 208.9 209.3 15.21
599 Total root length (cm) 1680.9 30@ 1079.8 1064.8 43.24
600 Shoot dry weight (g) 14.00 3.49 6.58 6.08 0.54
601 Total plant fresh biomass (g) 108.53 100.0 100.12 106.30 4.60
602 Plant height (cm) 127.9 106.9 88.8 70.2 11.9
603  Stem girth (cm) 05 042 0.27 0.28 0.02
604 No of leaves@ 50% flowering 15.43 14.95 10.48 11.10 1.42
605 Leaf area/ plant (cth 112.54 78.45 57.79 55.60 24.62
606 Length of flag leaf (cm) 40.74 5.36 30.36 31.74 2.74
607 Width of flag leaf (cm) 217 1.76 1.58 1.55 0.29
608 No of tillers/plant 440 3.93 3.75 3.78 .210
609 Heading date (50% flowering) 100 73 70 71
610 No of spikes / panicle 13.4 11.6 12.4 10.7 155
611 No of spikelets / panicle 155.60 110 94.5 93.8 28.70
612 Panicle weight / plant (g) 2754 323 268.2 236.8 23.4
613 Seed weight / panicle (g) 9.21 6.10 5.17 4.99 0.36
614 Seed yield (t/ha) 4.61 3.05 2.59 250 P4
615 100 seed weight / plant (g) 3.50 3.22 3.22 3.09 0.30
616 Harvest index (HI) 86 9.1 9.3 8.8 1.1
617

618
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619
620
621

622 Table 3. Growth and yield of the upland and lowlaice varieties for December and January
623 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) (cm2) | (cm) per (9) weight | per plant
stand (@ (@

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 34 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 1182 | 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 5.1 8.21
varieties

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

624

625

626

627
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629

630

631

Table 4. Growth and yield of rice for Decembersffi and January (second) sowing dates

Sowing

Shoot

biomass

(9)

Plant
height

(cm)

Leaf area

(cm2)

Panicle
weight

(9)

Seed
weight
per
panicle

(9)

Number
of seeds|
per

panicle

100
seed
weight

()

Seed
yield
(t/ha)

Harvest

index

Total
water
applied

(mm)

Seasonal
sum of
sail
moisture
storage

(mm)

Water
use
efficie-
ncy

(mm/Kg)

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

3.2¢

3.19

8.9

60

223

0.053

LSD

(0.05)

9.31

12.42

9.7

0.05

0.8

0.04

0.03

0.67

1.43

0.003
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641
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648
649

650 Table 5. Association ofsome weather factors with growth and yield characbf rice during its
651 growth.

ggg Parameters Regress@rations R

654

655  Seed weightand CWSl: First y = -13.28x+6.4 0.94
656 Second y = -3.93In(x) +1.31 0.92
657 100-seed weightand CWSl: First y = -37.9x+21.6 0.95

658 Second y = 3.758% 0.81
659 Seedweight and vpd: First y =-4.251x+6.4 0.94
660 Second y = 1403.5&% 0.64
661

662  100-seed weight and vpd: First y =5182.x% 0.92
663 Second y =24.088%% 0.40
664 Panicleweight andvpd First y = 123.7&* 0.90
665 Secondy = 21.088“* 0.57
666 Leaf areaand Thermal time:First y = 123.7&%% 0.90
667 Second y =2353In(x) + 179 0.73
668 Seedweightand T minimum: Rainy y = 0.103x9.14x+1472 0.53
669 Sedony = 855.8&"% 0.64
670 Panicleweight and T minimum: Rainy y = -110In(x) + 347.8 0.40
671 Secondy = 0.07%2.23x+150.7 0.71
672
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