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Abstract

Inconsistent results were obtained on the yield of rice genotypes established along the soil 
toposequence thus the need to validate these under controlled environment with rice genotypes. 
This investigation hypothesised there could be variation in the growth and yield of rice genotypes 
in different soil types under soil water deficit. A pot experiment was established in an open screen 
house, Ibadan. The treatment consisted of rice varieties (IR 64, IR 77298-14-1-2-B-10, NERICA 4 and 
WAB 56-104), soil ecologies [hydromorphic (H), lowland (L) and upland soils (U)] and soil moisture 
regime (Control and water deficit stress), in completely randomised design replicated three times. 
Growth in rice genotypes were significantly higher under optimum water supply than under water 
deficit. Conversely, rice genotypes under water deficit flowered later and had significantly higher 
spikelet sterility than under optimum water supply. Number of tillers plant-1 was in the order 
H > L > U. However, 1000 grain mass was in the order U > H > L. IR 64 had the highest grain yield. 
Similar pattern was observed on the shoot biomass, number of tillers and number of panicles. 
In different soil ecologies under water deficit, IR 64 and IR 77298-14-1-2-B-10 had significantly the 
highest number of panicles plant-1. These evidences suggested that high number of tillers observed in 
hydromorphic soil is associated with the duration of vegetative growth. Isohydric behaviour was not 
maintained by rice genotypes used as reflected in the variation in number of panicles under water 
deficit in the soil types.
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INTRODUCTION
The condition where the supply of water is 

less than its demand possess serious production 
constraints to the growth and development of 
rice. In Africa the order of importance among the 
investigated abiotic stresses during rice production 
on the field was drought (33%) > iron toxicity (12%) 
> cold (7%) > salinity/sodicity (2%) (Van Oort, 2018). 
This problem is further exacerbated by global 
climate change (Madadgar et  al., 2017) and the 

competing need for fresh water for industrial 
and domestic use (Ouyang et  al., 2020). Rice had 
been characterised as a  semi-aquatic crop that 
is highly sensitive to evaporative demand (Peng 
et al., 2006). It was posited that this could be linked 
with its low epicuticular wax that is 20% of that 
of sorghum (Farooq et  al., 2009) and shallow root 
system. The effect of water deficit on rice depends 
on the cultivar, time, intensity and duration of 
water deficit. Rice is grown in varied agroecologies, 
namely upland, lowland (irrigated and rainfed) 



8	 Olalekan Sakariyawo, Modupe Hussein, Akeem Oyekanmi, Mamadou Fofana, Oladipupo Azeez

and the mangrove. Irrigated rice is the wide spread 
ecosystem comprising 55  percent of the overall 
production area and the most productive system 
accounting for 75  percent of global production 
(Bernier et al., 2008). Similar pattern was observed 
in Africa, where in terms of area under cultivation 
rainfed lowland rice constitutes 40% of cultivated 
area among rice agroecologies in sub-Sahara 
Africa (SSA). This was closely followed by rainfed 
upland rice (34%), with 22% and 4% of cultivated 
rice area in SSA dedicated to the production of 
irrigated rice and those from other agroecologies 
respectively (Diagne et  al., 2013). It was reported 
that 75% of rice production in Nigeria is from the 
lowland (Oyediran and Wakatsuki, 1999). The yield 
of the lowland rice is greater than rice grown in 
other agroecologies. Upland rice is produced under 
aerobic conditions without irrigation and without 
pudding (Sritharan et  al., 2015). It can be found 
in a  range of environments from low-lying valley 
bottoms to steep sloping lands with high runoff 
(Singh et al., 2017). Many factors limiting grain yield 
in upland rice ecosystems includes drought (Bernier 
et  al., 2008) and weed competition (Touré et  al., 
2013). It is essentially a low-input ecosystem, which 
results in poor paddy yield of about 1 t ha-1 (Bernier 
et al., 2008). The rainfed lowland ecology accounts 
for 43–53% of the total rice production (Imolehin 
and Wada, 2000). Hydromorphic occur from the 
mid- slope to the valley bottom in the topo-sequence 
(Norman and Otoo, 2003). The rice crop here may 
obtain water from three sources – direct rainfall, 
high water table and surface water depending on its 
location in the topo-sequence. The main hydraulic 
characteristic of this ecosystem is the fluctuating 
water table, caused by cyclical swelling and receding 
water levels of rivers during the rains (Ogban 
and Babalola, 2009). It is estimated that a  total of 
130 million ha of inland valleys are available for 
cultivation in Africa, 19 million ha of which (i.e. 
14.6 percent) occur in West Africa (Norman and 
Otoo, 2003). This variation in the yield from varied 
agroecologies of rice production could be ascribed 
to the availability of water predominantly. Rice 
grown in the inland valley could be found in other 
fringes like the hydromorphic and upland soil. 
This would have implication on the availability 
of water and nutrients and the modification of 
the physico-chemical properties of the soil. The 
variations observed in water availability along 
the toposequence of lowland ecology have been 
associated with the topology and prevailing climatic 
condition of the environment. Oyediran and 
Wakatsuki (1999) reported that the clay, silk and 
water holding capacity of the inland valley were 
significantly higher than those of the upland and 
hydromorphic soils. Similar pattern was observed 
on the soil acidity, except exchangeable cation 
exchange capacity and Bray-1 P that were observed 
to be lower than the aforementioned soils. 

There were inconsistent reports on the 
performance of lowland rice along the toposequence 
of inland valley in the Southeast Asia (Boling et al., 
2008). This could have been confounded by the 
water and nutrient gradients together with the 
modification of the soil physico-chemical properties. 
These gradients would have implications on the 
root architecture of rice genotypes and their 
tolerance or otherwise to water deficit. Van  Oort 
(2018) further opined that with regards to drought 
in Africa focus should be more on the local 
variation along the hydromorphic zones than 
large scale climatic variation, further reinforcing 
the earlier reports made by Boling et al. (2008) on 
variations along the topo-sequence in the inland 
valley and its implications on crop performance. 
It had earlier been reported that rice from varied 
agroecologies displayed isohydric behaviour within 
the water potential range of 0–0.6 MPa (Parent et al., 
2010). It was indicated that leaf elongation rate and 
its water status were less sensitive to water deficit 
at the aforementioned soil water potential among 
rice genotypes from different agroecologies (Parent 
et  al., 2010). Differences in the sensitivities of rice 
to soil water deficit were linked with the variations 
in the root system. Considering that root system 
of rice from different agroecologies will vary, 
there is no information on the implications of this 
on their sensitivities to water deficit in different 
agroecologies. However, it must be highlighted 
that Poorter et  al. (2016) posited that there are 
modifications in the root system of plants grown 
under controlled condition. To what extent this 
modification would vary in rice grown in different 
agroecologies and their sensitivities to water deficit 
remains unknown. Furthermore, the observation 
reported by Boling et al. (2008) was executed under 
field condition with its attendant confounding 
factors, there is the need to disentangle the effect 
of water deficit from that of the variations in the 
nutrient composition along the toposequence in the 
inland valley.

This investigation aimed to investigate the growth 
and yield responses of rice genotypes subjected to 
water deficit in different soil ecologies.

MATERIALS AND METHODS

Description of Experimental Site
A pot experiment was established, in an open 

screen house at International Institute of Tropical 
Agriculture (IITA), Ibadan sub-Station (Latitude 
7º 30‘8’‘N and Longitude 3º 54‘37’‘E), Nigeria.

Experimental Treatment and Design
The treatments consisted of four rice varieties 

(IR 77298-14-12-B-10, NERICA 4, WAB 56-104 and 
IR 64), three soil ecologies (hydromorphic, lowland 
and upland) under water regimes (water deficit and 
well-watered). The experiment was in completely 
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randomised design, replicated three times. IR 
77298-14-12-B-10 is a  lowland variety developed 
at International Rice Research Institute (IRRI) 
(Moumeni et al., 2015). It is an adapted near-isogenic 
line derived from IR 64, highly tolerant to drought. 
NERICA 4 is an interspecific hybrid between 
O. sativa × O. glaberrima. It is upland adapted variety 
developed by Africa Rice Centre (Fofana et  al., 
2010), highly tolerant to drought. It was adopted in 
14 countries in sub-Saharan Africa in 2007 (Kaneda, 
2007). WAB 56- 104 is a moderately drought tolerant 
variety bred at Africa Rice (Fukuta et  al., 2012; 
Ndjiondjop et  al., 2012). It is an O.  sativa japonica 
type, adapted to upland conditions (Kaneda, 2007). 
IR  64 is a  semi-dwarf, high yielding indica line 
developed for irrigated lowland conditions and is 
highly drought-susceptible (Venuprasad et al., 2008; 
Venuprasad et al., 2007).

Cultural Practises
Pots (buckets) used were 52 cm wide (diameter) 

at the surface, 64 cm deep and 100 litres in volume. 
A  total of 72 pots were used. Upland, lowland and 
hydromorphic soils were sourced from Ikenne 
(Nigeria), Cotonou (Benin Republic) and IITA, 
Ibadan (Nigeria) respectively. The soils were air 
dried for 72 hours and sieved to remove soil clods 
and foreign particles such as stones and plant 
remains. Ninety-six (96) kg each of soil types were 
used to fill each pot. Pre-planting soil physico-
chemical properties were determined as described 
by Sakariyawo et  al. (2020). Twenty-one-day-old 
seedlings were transplanted into the bucket on 18th of 
April 2014. Two seedlings per hill were transplanted 
at a  spacing of 25 cm apart in two perpendicular 
rows. The two hills per row were later thinned to 
one seedling per hill a week after transplanting. The 
quantity of fertilizer applied was 100 kg ha-1 of N-P-K 
(15-15-15) at sowing. Top dressings of 50 kg ha-1 
of urea (46%  N) at tillering/ panicle initiation 
(21- 30 DAS) and 50 kg ha-1 of urea (46% N) at panicle 
exsertion/grain filling (42- 50 DAS) were done.

Water deficit was imposed on seven weeks old 
seedlings in the water stress environment. To induce 
drought, the soils were watered to full field capacity 
(the percentage of water present in the soil after 
the gravitational water was drained away) and the 
excess water was drained using adjustable water 
stopper (drainer) until all the free moisture are 
fully drained. Water deficit stress was maintained 
until all the leaves of the susceptible varieties 
(IR 64) were fully rolled. Pots were afterwards fully 
irrigated to field capacity and another cycle of stress 
developed (the screening protocol used was cyclic 
drought stress). Plants in the control environment 
were well watered throughout the experiment. 
Manual weeding was done regularly in order 
to keep the buckets weed. Harvesting was done 
manually using a  sickle to cut the panicles when 
the grains had reached harvest maturity (when the 
panicles turned golden brown).

Sampling and Data Collection
Growth (plant height, number of tillers, shoot 

biomass), yield components (number of panicles, 
spikelet sterility, 1000 grain weight, harvest index) 
were determined at harvest maturity. Days to 50% 
flowering were determined when 50% of the plants 
in each pot flowered. The aforementioned variables 
were measured adopting standard measurement 
procedures developed at International Rice 
Research Institute (IRRI, 2002). Grain yield/plant 
was determined at harvest maturity and dried to 
9% moisture content and were weighed.

Data collected were subjected to Analysis of 
Variance, fixed model. The treatment structure 
consisted of variety, soil type and water regime, 
while replicates were placed in the block structure. 
Significant treatment means were separated using 
Least Significant Difference (LSD) at 1% probability 
level. Genstat 12th  Edition Statistical Package was 
used (Payne et al., 2009).

RESULTS
The soil pH was in the order lowland 

> hydromorphic > upland soils. Soil organic carbon 
was moderate (1.58–1.69%) for the soil types. 
The total nitrogen content (1.58–1.60%) in both 
lowland and the upland soils was medium, while 
in hydromorphic soil it was medium (0.228%). 
Concentration of available P was in the order 
lowland  >  upland  >  Hydromorphic soil. Iron 
concentration was the highest in lowland soil 
(149.89 mg kg-1), with the least observed in the upland 
soil (66.74. Hydromorphic soil had Fe concentration 
in the same range as the lowland soil (Tab. I).

Soil types had significant effects (P < 0.05) on 
the number of tillers, days to 50% flowering and 
1000 grain mass (Tab II). The effect of soil types on 
the number of tillers per plant was in the order 
hydromorphic  >  lowland  >  upland soil. Rice sown 
in hydromorphic soils flowered later (90.25  days) 
than those sown in other agroecologies. Rice sown 
in upland agroecology required 87 days to flower, 
while those sown in the lowland ecology required 
the least number of days to flower (83.5 days).

Rice sown under optimum water regime was 
significantly taller (106.7 cm) than those sown 
under water deficit (100.2 cm). Similar pattern was 
observed on number of panicles per plant, harvest 
index, 1000  grain mass and grain yield per pot. 
Conversely, rice sown under water deficit flowered 
(90.33 days) later than those sown under optimum 
water regime (83.50 days). Spikelet sterility followed 
similar pattern (Tab. I).

Significant varietal differences were observed on 
the plant height (Tab.  II). Among the investigated 
varieties WAB 56-104 was the tallest (123.10 cm), 
while the shortest (90 cm) was IR 77298-14-1-2-B-10. 
Rice cultivar IR 64 had significantly the highest 
number of tillers per plant (51.69), the least was 
observed in NERICA  4 (18.15). Similar pattern 
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was observed on the shoot biomass, days to 50% 
flowering, number of panicle per plant and grain 
yield pot-1. NERICA  4 had significantly the highest 
1000  grain mass (272.8 g) compared to other rice 
varieties. The least was observed in rice variety 
IR 64 (232.1 g).

Significant interaction of soil type × water 
regime was observed on the number of tillers 
plant-1 (Fig.  1). Number of tillers per plant was 
significantly lesser in rice grown under water 
deficit in hydromorphic soil than under optimum 
water regime. Conversely, number of tillers per 
plant was significantly higher in rice under water 
deficit in upland ecology than those sown under 
optimum water regime. In lowland soils rice sown 
under both water regimes had similar number of 
tillers per plant. In all the soil types rice sown under 
water deficit had significantly lower shoot biomass 
than those sown under optimum water regimes 
(Fig.  2). Conversely, in all the soil types rice sown 
under water deficit flowered later than those sown 
under optimum water condition (Fig. 3). Significant 
interaction of soil type × variety was observed on 
the number of tillers plant-1 (Fig.  4). Number of 
tillers per plant of rice sown in hydromorphic soil 
was in the order IR  64  >  IR 77298-14-1-2-B-10 > 
WAB 56-104 >  NERICA  4. Number of tillers plant-1 
of rice in both lowland and upland was in the order 
IR 77298- 14-1-2-B-10 > IR 64 > NERICA and WAB 56-104. 

Significant  interaction of soil type × water regime 
× variety was observed on the number of panicles 
(Fig.  5). Number of panicles plant-1 in rice sown 
in soil types under water deficit was significantly 
lower than those sown under optimum water 
regime. The number of panicles plant-1 of rice sown 
in hydromorphic soil, under water deficit indicated 

I: Pre-planting physico-chemical properties of the soil types

Parameters Unit Hydromorphic soil Lowland soil Upland soil

pH (in water) - 5.8 6 5.6

Organic carbon % 1.69 1.58 1.6

Total nitrogen % 0.228 0.154 0.161

Available phosphorus ppm 4.7 142.33 12.4

Exchangeable 

- Calcium mg kg-1 4.72 4.86 3.9

- Magnesium mg kg-1 0.92 0.92 0.72

- Potassium mg kg-1 0.16 0.33 0.23

- Sodium mg kg-1 0.14 0.13 0.11

ECEC mg g-1 5.93 6.25 4.98

- Zinc mg kg -1 44.59 22.55 24.75

- Copper mg kg-1 2.01 1.43 0.55

- Molybdenum mg kg-1 66.95 6.05 120.49

-Iron mg kg-1 139.18 149.89 66.74

Particle size mg kg-1 

- Sand % 63 73 77

- Clay % 16 6 6

- silt % 21 21 17

Textural class - Sandy clay loam Sandy loam Loamy sand
Source: IITA
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2: Interactions of soil ecology and water stress on shoot biomass of drought 
tolerant rice varieties
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that variety IR 77298-14-1-2-B-10 had the highest 
number of panicles plant-1 compared to others, 
while the least number of panicles per plant under 
these conditions was observed in rice variety WAB 
56-104. In rice varieties sown in lowland soil, under 
water deficit number of panicles plant-1 was in the 
order IR 64 > IR  77298-14-1-2-B-10 > WAB  56- 104 
> NERICA  4. Similar pattern was observed in rice 
established in upland under water deficit except 
that rice variety WAB 56 had significantly the least 
number of panicles plant-1. Significant interaction 
of soil type × water regime × variety was observed 
on the 1000 grain weight (Fig.  6). In all soil types, 
under optimum water supply, 1000  grain weight 
of rice varieties was significantly higher than those 
established under water deficit. In both lowland and 
upland soils, under soil water deficit rice variety 
WAB 56-104 had significantly the highest 1000 grain 
weight compared to other rice varieties except when 
sown in hydromorphic soil under water deficit 
where it was observed it had the least significant 
1000 grain weight compared to other rice varieties. 
Rice varieties sown in hydromorphic soils under soil 
water deficit 1000 grain mass was observed to be 
highest in NERICA 4 compared to others.

DISCUSSION
Growth in plant is associated with carbon 

budgeting process. This process provides 
a  feedback mechanism for the process of carbon 
assimilation. It is not surprising that the occurrence 
of water deficit could limit photosynthesis through 
negative feedback mechanism provided by 
reduced growth under water deficit. Considering 
the aforementioned premises improved growth 
of rice under optimum water regime could have 
suggested functional photosynthesis that could 
have aided shoot biomass accumulation and taller 
rice under this condition. Yin et  al. (2007) posited 
that the reduced plant height observed under 
water deficit in rice was associated with reduced 
panicle exsertion. The increased number of 
panicle plant-1 under optimum water regime could 
be linked with its reduced spikelet sterility. The 
increased spikelet sterility under water deficit in 
rice had been associated with inhibition of anther 
dehiscence, reduced fertilisation and increased 
abortion (He and Serraj, 2012). Peng et  al. (2006) 
had earlier posited that in upland rice spikelet 
number under drought is a  major limiting factor. 
This could have explained the observed improved 
yield of rice genotypes under optimum water 
regime. Other yield components (1000 grain weight, 
harvest index) could have contributed significantly 
to the observed grain yield of rice genotypes 
under optimum water regime considering their 
comparatively higher value than rice genotypes 
established under sub-optimal condition. However, 
the relative contribution of these yield components 
under optimal water regime is still not clear. 

Matsumoto et  al. (2014) had earlier observed that 
upland rice under water deficit the contribution of 
the yield components to the yield was in the order 
rate of filling > panicle/m2 > number of grains per 
panicle > 1000 grain weight. Though not validated 
in this study it is possible to infer that the reduced 
yield observed in rice genotypes under water deficit 
could be attributed to the higher spikelet sterility 
and the reduced number of panicle plant-1 than 
under optimum water supply. The observed grain 
yield response of rice genotypes to the availability 
of water could be premised on the effect of water on 
its performance. Matsumoto et  al. (2014) observed 
that each unit of water (1 mm) lead to 11–12 kg ha-1 
of grain yield in the East Africa, where the minimum 
requirements of water was approximately in the 
range 311–400 mm per cropping season. Rice 
cultivars established under sub-optimal water 
condition experienced delayed days to maturity 
compared to the observations of Sikuku et al. (2010), 
where it was faster. This could be attributed to the 
ecologies used in both investigation and the choice 
of varieties used. The delayed days to maturity 
here could be associated with reduced rate of grain 
filling as described by Matsumoto et al. (2014). He 
posited that the rate of grain filling was the yield 
contributing factor in rice under water deficit.

The performance of IR 64 rice genotype could 
be linked with the number of tillers plant-1 and the 
number of panicle plant-1. Number of tillers per 
plant in IR 64 could have contributed significantly 
to higher shoot biomass than other rice cultivars 
used in this investigation. Other evidences for the 
aforementioned in IR64 could be associated with 
delayed time to flowering. This could have suggested 
increased accumulation of biomass. The observed 
grain yield of NERICA  4 despite its significantly 
higher 1000  grain mass and HI than other rice 
genotypes could be linked with its reduced number 
of panicle plant-1. The observed pattern of shoot 
biomass and days to 50% flowering in IR  64 was 
consistent with the position of Donald and Hamblin 
(1976). They posited that high shoot biomass 
and harvest index could decrease HI in cereals. 
These properties were more the reflection of the 
competitive ability of rice plant than the attributes 
that could confer high performance. Though in 
a  pure stand grain yield is more associated with 
the HI than biomass accumulation, which is what 
is more pronounced in the mixture. WAB  56 
with taller canopy than others also had the least 
harvest index. Corroborating the aforementioned 
observation by Donald and Hamblin (1976). What 
is not clear is why in IR  64  HI did not contribute 
to the grain yield considering the varieties of rice 
used were in pure stand. One possible explanation 
could be that the cultivars experienced stress 
during its ontogeny that facilitated the association 
between the grain yield of IR 64 with the biomass 
accumulation. This would need to be empirically 
validated further.
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High yield observed in flooded lowland and 
hydromorphic soils had earlier been associated 
with biomass accumulation (Saito et  al., 2010). 
Though not observed in this study it could be 
speculated that increased biomass accumulated in 
those agroecologies could have been as a  result of 
increased number of tillers and delayed flowering. 
Saito et  al. (2010) observed that growth duration 
and efficiency of translocation of assimilates were 
responsible for the high yield in hydromorphic soils. 
This corroborated the findings in this investigation, 
where days to 50% flowering were delayed. The 
reduced number of tillers in the upland ecology 
could have been associated with the availability 
of water and nutrients. Conversely, earliness 
observed in rice established in this agroecology 
could have been an escape mechanism to forestall 
the negative impact of nutrient and moisture stress. 
Patel et al. (2010) observed that number of panicles 
per m2 is what was responsible for the yield gap 
between the rice grown in the lowland and upland 
agroecologies. This finding could have corroborated 
the observed pattern here on the number of tillers 
plant-1. Saito et al. (2010) observed that high yield of 
rice in aerobic soils of upland agroecology is related 
to high HI. Though not empirically validated in this 
investigation, it could be inferred that 1000  grain 
weight of rice sown in upland agroecology 
compared to others could have a  bearing on the 
harvest index observed in their study.

The interaction of soil ecology  ×  water regime 
indicated that number of tillers and shoot dry 
matter were lesser under water deficit than under 
optimal water regime. The reduced shoot biomass 
could have been associated reduced number of 
tillers, despite the delayed flowering period. The 

high number of tillers plant-1 in rice genotypes 
IR 64 and IR 77298-14-1-2-B-10 in all the soil types 
could have suggested that these genotypes are 
more adapted to all agroecologies examined in this 
investigation than other rice genotypes. Parent 
et  al. (2010) had earlier posited that rice in varied 
agroecologies displayed isohydric behaviour within 
certain range of soil water potential. He ascribed 
this to similarities in their root system. Both rice 
varieties have earlier been reported to be adapted to 
lowland agroecologies. However, rice genotype IR 64 
is more susceptible to water deficit than other rice 
genotypes as reported in the literature (Mackill and 
Khush, 2018). One could infer that the range of the 
water potential in this investigation was not severe 
enough to facilitate their relative adaptability to all 
agroecologies. Both rice genotypes IR 77298-14-1-
2-B- 10 and IR 64 in all soil types and under water 
deficit were able to main comparatively higher 
number of panicles than other rice genotypes. 
However, in both lowland and upland soils, under 
water deficit both IR 77298-14-1-2-B-10 and IR  64 
could not sustain their 1000  grain mass except in 
hydromorphic soils where soil organic carbon and 
total nitrogen with favourable soil texture that could 
positively affect soil water holding capacity could 
provide enough nutrients and water to sustain 
their 1000 grain mass even under water deficit. 
Other explanation could be the trade-off observed 
between number of panicles plant-1 and 1000 grain 
mass under stress conditions. It had been reported 
under stressful condition hierarchy of phenotypic 
plasticity favours the conservation of 1000  grain 
mass compared with number of panicles m2 (Sadras 
and Slafer, 2012).

CONCLUSION
Rice cultivars grown in hydromorphic soils had more number of tillers than those in other soil types, 
which could be explained by their prolonged vegetative growth. The observed low 1000 grain mass 
of rice cultivars grown in the lowland ecology could be linked to its short duration to optimise growth 
resources. Spikelet sterility and prolonged days to flowering were more pronounced in rice cultivars 
grown under sub-optimal water condition. The observed performance of IR 64 could be attributed to 
the number of tillers plant-1, number of panicles plant-1, shoot biomass and the prolonged duration 
of flowering, probably to optimise growth resources. However, a trade-off was observed with the 
1000 grain mass, suggesting the susceptibility of this cultivar to stress due to competition for growth 
resources with the increasing number of tillers. Shoot biomass in rice cultivars was significantly 
depressed under sub-optimal water supply in all soil types, with prolonged days to reach flowering. 
This could have contributed to more tillers plant-1 in rice cultivars grown in upland ecology with 
a converse pattern for those established in hydromorphic soils. When grown under different soil 
types with sub-optimal water supply rice cultivar 77298-14-1-2-B-10 was observed to be the most 
promising and drought tolerant considering its reproductive growth. The only exception was its 
significantly lower 1000  grain mass when established in an upland ecology under water deficit 
compared to other rice cultivars.
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