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Abstract

The goal of most rice improvement programs is the enhancement of farmers’ yield using less land
and limited water. This study evaluated 77 upland rice genotypes under optimal upland growing
conditions in the field and ranked the genotypes using base indices. Subsequently, eighteen culti-
vars selected from the field trial were screened under drought in rainout-shelter conditions. The traits
evaluated for index selection were yield, days to flowering, plant height, number of panicles and
filled grains. Under field conditions, based on the sum of economic weight assigned to five traits
used to compute the selection index, IR 68704-145-1-1-B and IR 63380-16 were the best genotypes.
In the rainout-shelter experiment, Ofada 2 (508 gm™?) had the highest grain yield under non-stress
conditions while ITA 117 (152.38 gm™?) had the highest grain yield under drought stress. The base
index was efficient for selecting superior genotypes with the best combination for all the traits

considered. Susceptibility to drought stress of the landraces leads to poor grain yield.
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Introduction

Rice is one of the most important foods consumed by over
50% of the world population mainly in Asia and
sub-Saharan Africa (Akpokodje et al., 200D). It ranks third
after wheat and maize in production (Guimaraés, 2009;
Ajah and Ajah, 2014). Asia produces and consumes over
90% of the world’s rice output while Egypt and Nigeria
are the top producers in Africa (USDA, 2017).

The world population is expected to reach 8 billion by
2025 and rice production must increase by 50% in order
to meet the growing demand. Increased rice production
over the years in Nigeria and other West African countries
has been due to expansion in land under cultivation rather
than increases in yield per unit area cultivated (Ologbon
et al., 2012). Drought stress and use of unimproved low
yielding cultivars are major constraints to rainfed upland
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rice productivity in Africa (Singh et al., 1997; Okwu and
Umoru, 2009).

Most upland rice farmers in sub-Saharan Africa grow un-
improved heirloom rice cultivars due to their preferred
agronomic traits such as unique grain quality (Adeyemi
and Vodouhe, 1996; Sié et al., 1999). Unimproved cultivars
such as the Ofada rice landraces are still popular among
rice farmers and consumers in southwestern Nigeria des-
pite their low yield and high susceptibility to lodging
(FAO, 2004; Saka and Lawal, 2009). Since yield is not the
only trait considered by farmers prior to the adoption of a
new upland rice variety, there is need to develop varieties
with high-yield potential and desired agronomic traits.

Variations in rainfall pattern due to climate change have
led to drought stress on many agricultural lands around the
world. The rainfed upland rice ecology is highly prone to
drought and associated risks (Adebayo et al., 2012). Most
popular upland rice cultivars have not been selected for
high grain production under drought stress. As a result,
most of these varieties experience serious yield loss
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when exposed to severe or even moderate water deficit in

farmers’ fields (Kumar et al., 2008).

Understanding the ideal traits of farmers preferred upland
rice landraces and improved varieties in Nigeria will allow
selection of new varieties with high grain yield and farmer
preferred traits under drought stress (RS) and non-stress
conditions (NS). The objectives of this study were to (i) to
evaluate upland rice germplasm for various agronomic
traits, using selection index to identify superior genotypes
for traits considered (i) assess the response of selected up-
land rice varieties for reproductive-stage drought tolerance.

Materials and methods

Separate experiments were conducted under field and
rainout-shelter conditions in 2014 and 2015 at AfricaRice
outstation, International Institute of Tropical Agriculture
(IITA), Ibadan, Nigeria. IITA is located in the humid
forest—savanna transition zone (210 m a.s.l., 7°30’N, 3°54’
E with a bimodal annual rainfall pattern of about 120-128
rainy days amounting to 1200-1400 mm. Pan Evaporation
is between 1550 and 1600 mm. The wet season spans from
March through October and dry season runs November to
February with annual maximum temperature ranging be-
tween 27 and 34°C and annual minimum temperature ran-
ging between 20 and 23°C (Oguntunde, 1998). The soil

type is largely Ferric Luvisols.

Experimental materials

For the 2014 field experiment, 77 upland rice genotypes
from diverse genetic backgrounds including local Ofada
rice cultivars (online Supplementary Table S1) were
evaluated under field conditions. Ofada rice cultivars are
popular upland rice genotypes cultivated across south-
western Nigeria. They attract a high premium for rice
farmers and traders across the region (PrOpCom, 2007).
In the 2014 field trials, 14 varieties selected from the 2014
field evaluation and four new upland rice varieties,
IR84984-83-15-481-B, FUNAABOR-1, FUNAABOR-2 and
Benue Local (online Supplementary Table S2) were eva-
luated for grain yield at reproductive-stage drought stress

under rainout-shelter conditions. FUNNABOR-1

FUNNABOR-2 are upland rice varieties developed from the
purification of Ofada rice from farmers’ fields in southwestern
Nigeria and released to rice farmers in 2011 (Showemimo

et al, 2011). IR84984-83-15481-B (gDTY;5,)

IR55419-04 (gDTYs ;) are exotic upland rice pre-breeding
lines developed at International Rice Research Institute
(IRRD and reported to carry reproductive-stage drought-
tolerant QTLs (Kumar et al., 2014). IRAT 109, NERICA 4,
IR84984-83-15-481-B and IR55419-04 were used as tolerant

checks while TR64 was the drought-susceptible check.

Phenotyping of genetic materials

The first experiment was carried out during 2014 wet sea-
son. Three seeds were sown directly per hill on 3 July, 2014,
and later thinned to two seedlings per hill 21 days after
sowing (DAS) at a spacing of 0.2 m within and between
rows. The design was an 11 x 7 a-lattice with four replica-
tions having a plot area of 1 m?. A pre-drilling base applica-
tion of 200 kg/ha of NPK (15-15-15) was made, followed
by a total of 100 kg/ha of urea in two applications of
35 kg/ha at 21 days after seeding and 65 kg/ha at the
panicle initiation. Two manual weeding were done.

A second experiment was carried out under the rainout
shelter of the drought physiology unit, AfricaRice, IITA,
Ibadan Nigeria. The 18 genotypes used in this study were
planted simultaneously for irrigated control (NS) and
reproductive-stage drought stress (RS) evaluation on 22
June 2016 in randomized complete block designs with
two replicates. Seeds were sown in single row plots of
2-metre (m) long with a spacing of 0.20 m between and
within rows. NERICA 4, a drought-tolerant, early maturing
semi-dwarf upland rice variety was used to plant the border
rOws.

Repeated stress cycles were imposed in the drought
stress trials to ensure that lines of different maturities
were stressed during the reproductive-stage development
as described by (Lafitte et al., 2004; Bernier et al., 2007,
Venuprasad et al., 2008). To impose stress, irrigation was
withheld starting at 49 DAS in the stress plots when 50%
of the lines in a plot had initiated booting. The NS plots con-
tinued to receive irrigation to maturity. Stress was main-
tained until the tensiometer reading rose above —50 kpa
at 60 cm soil depth and about 75% of the lines expressed
severe leaf rolling. Life-saving irrigation was supplied
through flooding for three hours daily over a 2-day period
to ensure that the soil became saturated and tensiometer
readings went back to zero before initiating the second
cycle of drought stress. Tensiometers were installed in the
field to monitor soil-water tension around the root zones at
60 cm depth. The tensiometers were installed 20-30 days
before initiation of drought stress to ensure good compac-
tion between the surface of the tensiometer and surround-
ing soil. Mean temperature of the rainout shelter recorded
from 7 days prior to initiation of drought stress to the
termination of stress and averaged morning (28.26°C),
afternoon (34.4°C) and evening temperature (30.81°C).

Data collection

The experimental data for 2014 field evaluations were
based on measurements of 12 rice plants chosen in the
middle rows from each plot. Data for grain yield per
metre square (GY), 1000 grain weight (TGY), days to
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50% flowering (DTF), days to 85% maturity (DM), plant
height at maturity (PHT), tiller number at G0DAS
(TNGODAS), average leaf area (LA), number of panicles
per metre square (NPM) and number filled grains (FG)
were recorded on each individual plant and averaged to
obtain the plot mean. For the 2015 rainout-shelter drought
screening (experiment 2), each plot was evaluated for
heading date (DTF) which is when 50% of the plants in
the plot were headed according to the IRRI standard evalu-
ation system (SES). At maturity, six uniform plants in each
plot were measured for plant height (PH) and grain yield
per plot was sampled by cutting the plants right above
the soil surface. Plants sampled from each plot were put
into a paper bag and air dried inside the glass house for
5-7 days. The dried samples were then threshed and
measured for total grain yield per plot (GY), 1000 grain

weight (GW) and total panicle number (PN).

Statistical analyses

For the 2014 field trial (experiment 1), a selection index (SD
was computed using the base index as proposed by
Williams (1962). The base index uses the economic weight
as index weight and is calculated by assigning economic
values to five important traits: (yield per metre square =
0.8, days to 50% flowering=—0.2, plant height at
maturity = —0.1, Number of panicles per metre square =
0.3, and number of filled grains = 0.2). The traits employed
in this ranking were identified based on experience from
participatory rural appraisals with upland rice farmers
across two major upland rice growing states of Nigeria,

Ekiti and Ogun state (Unpublished data).

The genetic values used in the base index computation

were estimated from BLUP analysis (Liu et al., 2008).
Base index = bzX] + b2X2 + b‘ng +oo.

where X =genetic value of traits (i) from the BLUP

analysis
b= economic weight assigned by breeder.

Mean values of entries were determined using a model in
which lines were treated as a fixed effect and replications
and blocks within replications as random effects.

Broad-sense heritability (H) was computed as:

Ve

H=—%
Ve +Ve/r

where Vj is the genetic variance, V.. is error variance, and r

is the number of replications.

The relative yield reduction between the stress and NS
in per cent (RYR %) was estimated according to Kumar
et al., 2008 as RYR% =100 x [1- (Grain yieldgyess /Grain

Yieldnon—slrcss)

C. O. Anyaoha et al.

The data collected were subjected to statistical analysis
using Breeding Management System (2015) and R statistical
packages.

Results

The top 20 genotypes in the 2014 field experiment are
presented in Table 1. The germplasm evaluated varied
widely for the various traits considered in this study.
Earliest days of flowering were observed for IRAT 112 (75
days) and ARICA 4 (76 days). Two improved varieties, IR
68704-145-1-1B (434.24 g/m?) and IR 63380-16 (405.17
g/m?) ranked first and second for selection index while
ITA 301 (highest yielding Nigerian improved variety in
this study) was fourth. The highest and lowest yielding un-
improved varieties from Nigeria, Ofada 3 (298 g/m*) and
Ebonyi local (137 g/m?), ranked 37th and 72nd (Table 1).
IR 68704-145-1-1B also had a yield advantage of 45% and
almost 200% more than the highest and lowest yielding un-
improved landraces (Ofada 3 and Ebonyi Local) but had
only 16% yield advantage over the best Nigerian improved
genotype (ITA 301).

Significant variations were also recorded among traits
for the 18 upland rice varieties under rainout-shelter
conditions The mean grain yield of selected genotypes
and checks are presented in Table 2. Reduced plant height
and grain yield were observed under RS compared with NS
while days to flowering increased for most of the genotypes
under drought stress. All the drought-tolerant checks (IRAT
109, NERICA 4, IR84984-83-15-481-B and IR55419-04) used
in this study flowered and produced grain under both water
regimes. Two unimproved landraces, Ofada 2 (508.1 g/m?)
and Ofada 4 (470.8 g/m?), had the highest grain yield under
NS conditions whereas ITA 117 (152.38 gm™%) had the
highest grain yield under RS. Yield reduction among the
tolerant checks ranged from 50% (IRAT 109) to 79% for
IR84984-83-15-481-B whereas ITA 117 (highest yielding
variety under stress) had a yield reduction of 40% (Table 2).

The susceptible check IR 64 and most of the landraces
did not flower under RS due to the severity of imposed
drought stress. Igbemo Red was the earliest to flower
under the two water regimes while Ofada 2 had the highest
PHT under NS (173.5 cm) and RS (140.5 cm) followed by
OS 6 (Table 2). In all, ITA 117, the four drought-tolerant
checks and Igbemo Red significantly out-yielded IR 64
(the susceptible check) and most of the landraces under RS.

Moderate to high broad sense heritability (/) was
observed for most of the traits under RS and NS conditions
(Table 2). None of the secondary traits showed higher H
than yield under stress in this study. Highest heritability
estimates were recorded for plant height under NS and
yield per plot under the RS condition.

Genotypic correlations of measured traits are presented
in Table 3. A moderately positive genetic correlation (0.57)
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Table 1. Ranking of best 20 varieties and nine unimproved landraces from Nigeria based on selection index
Genotypes GY (gm? DTF(days) PHT(cm) NPM(m™®) FG Selection index ~ Rank
IR 68704-145-1-1-B 434.24 93.56 122.10 84.35 126.80  367.13 1
IR 63380-16 405.17 90.88 117.79 79.33 98.57  337.70 2
ARICA4 375.91 75.47 116.38 104.90 135.76  332.62 3
ITA 301 375.10 100.09 107.17 106.23 99.14  321.04 4
Apo 373.26 92.63 127.11 86.45 128.24  318.96 5
CIRAD 3941 379.53 94.32 134.76 70.71 127.67  318.03 6
CIRAD 403 369.11 91.16 115.09 85.36 123.81 315.92 7
IRAT 133 363.86 103.72 109.97 98.26 135.33  315.89 8
LAC 23 375.55 104.49 134.28 79.81 121.76  314.41 9
IR 71676-90-2-2 355.84 103.03 127.69 106.82 116.11  306.57 10
PCT 11/0/0/2,BO/1>55-1-3-1  349.45 93.11 118.79 85.99 140.05  302.87 11
IR 63371-38 358.93 90.90 123.84 74.01 116.10  302.00 12
IRAT 112 338.39 74.52 117.52 103.61 115.90  298.32 13
ITA117 335.39 101.48 111.97 117.84 115.20  295.21 14
IAC 47 343.73 82.71 136.58 73.45 136.61  294.14 15
IR 66421-096-2-1-1 336.31 90.58 116.59 105.03 113.22  293.43 16
IRAT 257 348.59 98.21 125.31 77.55 113.66  292.70 17
IRAT 109 332.93 78.89 114.60 99.24 112.58  291.39 18
CAIAPO 334.33 86.80 112.43 74.24 108.68  282.87 19
NERICA 2 326.73 74.79 113.29 85.28 107.62  282.20 20
Unimproved Nigeria varieties
Ofada 3 298.74 95.28 127.90 90.94 112.05  256.84 37
Ofada 4 286.15 90.96 128.66 81.67 106.32  243.63 47
Igbemo white 245.02 76.00 120.05 90.57 110.25  218.03 56
Sabon daga 234.58 95.62 120.10 80.40 101.86  201.02 61
China best 218.08 85.99 114.38 88.73 112.82  195.02 64
Igbemo red 218.08 76.69 116.09 95.38 87.02  193.54 65
Ofada 2 201.17 92.63 119.01 84.38 97.58  175.34 68
Ofada 1 182.64 98.66 133.71 79.27 183.96  173.58 69
Ebonyi Local 149.23 79.08 112.25 81.47 106.00 137.98 72

GY, grain yield per metre square; DTF, days to 50% flowering; PHT, plant height at maturity; LA, average leaf area; NPM, number

of panicles per metre square; FG, number filled grains.

was observed between yield and days to flowering under
drought stress. However, yield showed a negative correl-
ation with other traits under stress (Table 3). The associ-
ation between yield and other traits under NS conditions
was fairly high for a number of panicles per hill (0.60).
However, low but positive correlation existed between
yields, days to flowering (0.29) and plant height (0.40).

Discussion
Since yield is not the only trait of importance that farmers

consider in the adoption of a new variety, there is need
to employ a selection technique that can aid identify

genotypes with the best combinations of desired traits. A
selection index is a rapid breeding technique that can aid
efficient selection of multiple traits simultaneously (Smith,
1936). IR 68704-145-1-1-B and IR 63380-16 had higher yield
potential and a good combination of desired agronomic
traits such as plant height, numbers of panicles, and a num-
ber of filled grain per panicle. CIRAD 3941 and LAC 23, al-
though having higher yields compared to ARICA 4 and
Apo, ranked lower in the index ranking. Lin (1978) re-
ported that some of the advantages of the base index
over other indices are its simplicity and freedom from errors
of parameters estimation. Rabiei et al. (2004) reported se-
lection indices to be an effective selection tool in the gen-
etic improvement of rice grain shape.
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Table 2. Means and heritability of measured traits under non-stress and reproductive-stage drought stress under rainout-shelter conditions at Ibadan

Non-stress Reproductive stage drought stress

Genotypes GY (gm* DTF PHT NP 1000SW  Genotypes GY (g/m®)  DTF PHT NP RYR %
Ofada 2 508.18 87.50 173.50 9 28.95 ITA117 152.38 101.00 88.17 7 40
Ofada 4 470.80 92.50 154.17 9 30.9 IRAT 109 133.98 89.50 102.57 8 50
OS 6 419.66 91.50 159.17 6 24.95 NERIACA 4 93.30 75.50 100.00 6 64
IR84984-83-15-481-B  414.01 70.50 137.17 9 23.2 IR84984-83-15-481-B 84.43 75.00 128.00 8 80
NERICA 8 379.69 67.50 100.23 8 22.45 Igbemo red 84.32 63.50 119.50 4 71
NERICA 7 353.30 68.00 121.18 7 29.45 IR55419-04 83.18 91.50 99.17 8 76
IR55419-04 340.17 71.50 111.10 7 25.65 Igbemo white 80.00 75.50 103.00 6 66
FUNAABOR-2 316.76 91.50 151.00 6 28.8 Benue local 46.48 71.50 118.00 6 71
Ofada 1 315.91 93.50 162.50 9 26.55 Ofada 2 0.00 0.00 141.33 9 100
Igbemo red 294.89 62.50 141.67 7 33.85 OS 6 0.00 0.00 140.50 8 100
IR 64 291.95 68.50 112.17 8 22.65 NERICA 7 0.00 85.00 131.83 6 100
FUNAABOR-1 269.89 85.50 155.83 7 29.05 NERICA 8 0.00 78.50 102.35 7 100
IRAT 109 268.01 85.50 105.33 5 32.6 Ofada 1 0.00 0.00 125.67 8 100
NERIACA 4 262.19 68.50 113.83 6 25.5 FUNAABOR-2 0.00 0.00 124.83 6 100
ITA117 255.60 88.00 91.17 7 24.65 IR 64 0.00 0.00 89.67 8 100
Igbemo white 235.24 69.00 126.67 5 33.65 FUNAABOR-1 0.00 0.00 85.30 6 100
Ebonyi local 173.64 66.00 123.87 7 21.2 Ebonyi local 0.00 76.00 130.17 4 100
Benue local 158.64 64.00 141.67 6 27.4 Ofada 4 0.00 0.00 120.67 8 100
SED 71.55 5.85 9.97 0.69 1.31 SED 14.11 16.66 9.34 0.54 -
Heritability 0.71 0.87 0.91 0.83 0.94 Heritability 0.96 0.91 0.86 0.92 -
P-value 0.006 3.7E05 1.9E06  0.00028 7.5E-08  P-value 2.7E-09 2.9E06 5.4E05 1E06 -

GY, grain yield per plot; DTF, days to flowering; PHT (cm), plant height at maturity; NP, number of panicle; T000SW, 1000 seed weight; LRS, leaf rolling score.
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Table 3. Genetic correlations among five characters of 18 rice genotypes under non-stress and reproductive-stage drought stress

Non-stress Reproductive stage drought stress

Yield 1 - Yield 1 -

DTF 2 030 - DTF 2 0.57 -

PHT 3 041 019 - LRS 3 —-043 -050 -

NP 4 063 004 033 - PHT 4 —-043 -0.16 0.01 -

1000SW 5 003 002 028 -034 - NP 5 -0.07 -0.35 041 007 -
1 2 3 4 5 1 2 3 4 5

DTF, days to flowering; PHT, plant height at maturity; NP, number of panicle; 1000SW, 1000 seed weight; LRS, leaf rolling score

P=0.05.

The improved varieties ranked highest based on yield
and selection index ranking from this study while most un-
improved cultivars ranked lowest. This might be attributed
to the concentration of favourable alleles associated with
higher grain yield due to selection among the improved
varieties used in this study over most of the landraces.
This is in agreement with the reports of Longtau (2003)
and Dalton (2004) who showed that the use of unimproved
landraces characterized by decreased yield by poor re-
sourced farmers’ across Sub-Sahara Africa also contributes
to low paddy output per unit area under cultivation.

Based on the soil-water readings of the tensiometers, in-
ability of IR64 (drought-susceptible check) and most of the
landraces to flower under RS and yield differences between
the stressed plots (RS) and the control (NS) in the rainout-
shelter experiment above 70% RYR, drought stress imposed
was severe (Kumar et al., 2008). Such severe stress is
recommended to ensure that true drought-tolerant lines
are identified (Dixit et al., 2014). Even though the tolerant
checks (IRAT 109, NERICA 4, IR84984-83-15-481-B and
IR55419-04) flowered and produced appreciable grain
yield under RS, they generally performed lower in grain
yield and earliness compared with ITA 117 and Igbemo
red respectively under water stress conditions. IRAT 109
had the least relative grain yield reduction under stress
among the checks used in this study further confirming
its suitability as a tolerant check for reproductive-stage
drought trials as reported by Zu et al. (2017).

Water deficit prolonged the overall life cycle of most of
the genotypes screened in this study and there were signifi-
cant reductions in plant yield and height. Most of the Ofada
rice cultivars evaluated in this study were early to medium
maturing varieties with tall plant type. This agrees with an
earlier report that most upland rice landraces are character-
ized by tall plant type (Kumar et al., 2014; Vikram et al.,
2016) but disagree that farmers in drought-prone regions
still plant some of these tall traditional cultivars for their re-
sistance to abiotic stresses such as drought. For instance,
this finding on the performance of Ofada 2 under stress
and non-stressed conditions is not in agreement with the

reports of Bernier et al. (2008); Saka and Lawal (2009);
Vikram et al. (2015) that most tall upland landraces are tol-
erant to drought stress but perform poorly under well-
watered condition. Even though Ofada 2 recorded the
highest plant height and grain yield under NS, it did not
flower under severe drought stress. This is probably on ac-
count of adaptation due to years of cultivation of these
landraces in the rainforest zone of southwestern Nigeria
that is characterized by abundant rainfall during crop grow-
ing seasons in the field. The tall plant architecture asso-
ciated with most of these landraces leads to increased
lodging susceptibility rather than resistance to drought
stress. Low grain yield often recorded among most Ofada
rice landraces within the farmers’ fields in Nigeria might
be attributed partly to losses due to high susceptibility to
drought stress and lodging at grain filling and ripening
stages. This agrees with Vikram et al. (2015) who reported
that the introduction of the SD7 gene (semi-dwarf gene)
during the green revolution era led to the development of
high yielding, lodging resistant dwarf rice varieties across
Asia. Lodging in these high yielding tall landraces often re-
sults in damage from an attack by rodents, thereby redu-
cing harvested vyield. Conducting the trial under
rainout-shelter conditions with less wind and rainfall
might have minimized grain losses due to lodging among
these Ofada cultivars compared to what is seen under
field conditions. Despite the high grain yield produced by
some of these landraces under NS, a good percentage
could not flower and produce appreciable grain yield
(<50% relative yield reduction) under drought stress.
Several earlier studies reported similar results that limited
water conditions at reproductive stages of rice plants results
in delayed flowering, poor yield and reduced plant height
(Price et al., 2002; Venuprasad et al., 2007; Guimaraes
et al., 2015; Shamsudin et al., 2016).

Careful hybridization of top performing genotypes iden-
tified from this study with farmers preferred landraces
might lead to the development of promising drought-
tolerant varieties with a good combination of preferred
traits and higher grain yield under stressed and favourable
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moisture conditions. Development of such resilient var-
ieties will help to bridge the yield gap observed in this
study between the low-yielding landraces and the high-
yielding improved varieties. Furthermore, it will also trickle
down to improve the livelihood of most rice farmers by re-
ducing risk and increasing productivity in rainfed areas of
the country that is often highly variable in terms of water

availability.

High heritability (>70%) observed for most traits under
both RS and NS conditions implies that these traits can be
transferred to progenies through hybridization and
resourcefully advanced through phenotypic selection
(Falconer, 1989). Nassir and Adewusi (2012) reported
high heritability for 1000 g grain weight and days to flower-
ing among sixteen genotypes evaluated under variable soil
moisture conditions in Nigeria. High heritability estimates
for days to flowering, plant height at maturity and plot
yield as recorded in this study have also been reported earl-
ier by Ogunbayo et al. (2014). This implies that selection for
traits with moderate to high heritability identified from this
study will be effective and such traits can be retained in
subsequent generations in an upland rice drought breeding
programme involving these germplasms. Low-to-moderate
positive genetic association observed in this study between
yield and days to flowering under RS and NS are in
accordance with Lafitte et al. (2004) but disagrees with
the reports of Bernier et al. (2007) and Sellammal et al.
(2014) who reported negative association between grain
yield and days to flowering under drought stress in rice.
Moderate-to-high genetic correlations observed between
yield and some yield-related traits in this study might be
due to genetic linkage and pleiotropic effects. This is an in-
dication that these traits co-locating with yield can be
exploited for indirect selection of yield under RS and NS.

Conclusions

Increased yield under optimal and stress conditions is one
of the main objectives of every breeding programme. Two
improved varieties were the best performers in this study
while unimproved landraces ranked lowest using selection
index. The majority of the unimproved rice accessions as-
sessed in this study were susceptible to reproductive-stage
drought stress. High-yielding, early maturing and drought-
tolerant genotypes identified from this study can be used to
develop early maturing, high-yielding, drought-tolerant
varieties having a good combination of farmers preferred
traits in a new upland rice variety for release to rice farmers
across Nigeria. Studies to elucidate the mechanisms under-
lying the drought response of ITA117 and effects of suscep-
tibility to drought stress and lodging on grain yield among
these popular upland rice landraces in Nigeria as identified

in this study need to be initiated.

C. O. Anyaoha et al.
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