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Effect of non-flooded water management on inside-canopy temperature dynamics,

spikelet sterility, and grain yield of lowland rice in the tropics

Increasing temperatures and water scarcity are concomitant threats to sustainable rice
production in future climates. Although both aspects have been widely studied, little is
understood about how water-saving management might affect heat-induced stress and grain
yield of rice under open-field conditions. We implemented field experiments in four
consecutive wet and dry seasons in the sub-humid tropics of northern Ghana to clarify how
water management practices affect daily inside-canopy temperature (Tc) dynamics, flowering
time, heat-induced spikelet sterility, and grain yield of rice. Two rice varieties, IR64 and
Jasmine85, were grown under two water regimes: 1) continuous flooding (Flooded), and 2)
continuous flooding except for an approximately 20-day drainage treatment at the flowering
period (Non-flooded). The Non-flooded treatment maintained high moisture contents above
60% of saturated volumetric water to avoid any significant drought stress. Inside-canopy
temperature (Tc) during the flowering periods were monitored at 2-minute intervals by
placing MINCER (Micrometeorological Instrument for the Near-Canopy Environment of
Rice) inside the canopy.

The effect of water regimes on grain yield and Tc differed significantly between the dry
season (DS) and wet season (WS). Non-flooded management significantly reduced yields by
13-26% in the DS but not in the WS (Table 1). However, the effect of Non-flooded
management on Tc at flowering time (0.2—0.3°C increase across varieties and years) (Figure
1) and spikelet sterility (3—5% increase) (Table 1) was relatively small even in the DS. In
contrast, Non-flooded management greatly increased Tc from solar noon to midnight in the
DS (Fig. 1). Tc did not differ between Non-flooded and Flooded treatments either at
flowering time or nighttime in the WS (Fig. 1).

Tc changes over the course of the day imply that Non-flooded management may have a
higher risk of yield reduction in the DS of the sub-humid tropics by increasing
late-afternoon-to-nighttime temperatures, which can cause physiological stress and
respiration loss. The results can help improve water-saving management practices under
contrasting climatic conditions in the sub-humid tropics and predict the combined effect of
increasing temperatures and water scarcity on rice production.

(Y. Tsujimoto, M. Yoshimoto, M. Fukuoka [National Institute for Agri-Environmental
Sciences], A. Fuseini, Y. Inusah, W. Dogbe [Savanna Agricultural Research Institute, GSIR])
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Table 1. Effect of water management on spikelet sterility and grain yield
Wat Spikelet sterility (%) Grain yield (tha™)
. ater
Variety management Wet season Dry season Wet season Dry season

2016 2017 2017 2018 2016 2017 2017 2018
IR64 Flooded 24" 89" 41° 40 61" 52 61" 63
Non-flooded 23"  59°  75° 89 54" 50" 52 4T
Jasmine85  Flooded 574 108 67" 42 66" 56 74 17
Non-flooded 26"  82° 118 7.2° 70° 55 64" 64

Two varieties were allocated in 5.7 m x 4.5 m plots with 4 replicates, in different water
management practices.

Different alphabets indicate significant differences at 5% by Tukey's HSD test.

*Flooded: Continuously flooded from transplanting to maturity.

*Non-flooded: Continuously flooded except for an approximately 20-day continuous
non-flooded period, at around the heading dates of the two varieties. Volumetric moisture
contents of soils were retained above 30% during the non-flooded period in all seasons except
the dry season cultivation in 2018 in which volumetric moisture content went down to 26%
due to the lack of irrigation water.
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Figure 1. Diurnal changes in inside-canopy temperature (Tc) in the Flooded and
Non-flooded water management and the Tc differences between these two management
schemes for IR64 in the 2017 wet seasons and 2017 dry seasons

The trend was equivalent for both varieties and in the other years.

The average of two replicates over peak flowering days (7 observation days around the day of
50% heading excluding any rainy days) is depicted. Grey bars within each figure indicate the
period from initial to peak spikelet opening time which were determined by digital images
taken at 10-minute intervals. Orange lines indicate the solar noon and apparent sunset time.
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