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Changes in Rice Growth Characteristics during Intermittent Drainage Period using
Multiple Sensing Technology

Woo—ijin Im', Dong-won Kwon', Hyeok—jin Bak? Ji-hyeon Lee?, Sungyul Chang"', Wan-Gyu Sang"’, Nam=Jin Chung’,
Jung-il Cho*, and Woon-Ha Hwang*

ABSTRACT The risk of global warming is increasing due to rapid climate change and increased greenhouse gas (GHG)
emissions. Among the greenhouse gases, methane has a strong warming effect; in particular, 51.2% of the agricultural sector’s
methane emissions are from flooded rice fields. According to the current standard rice cultivation method, rice is grown during the
maximum tillering stage with an intermittent drainage period of approximately 2 weeks. During the flooding period, methane-
producing bacteria are active, but the activity of methane-producing bacteria and the amount of methane gas produced are reduced
when the soil becomes oxidized through watering. Accordingly, this study used multiple-sensing technology to analyze the growth
response according to the intermittent drainage period and to identify the extended intermittent drainage period with less impact
on rice production. The equipment used for growth observations included NDVI, PRI, and IR sensors. The results confirmed that
growth indices related to stress, such as NDVI and PRI, were not significantly different from those of the control when treated
within 3 weeks of drainage, but drastically decreased when the drainage period was extended beyond 4 weeks. These results
appear to result from the fact that soil water content (volumetric water content) also dropped to below 20% 4 weeks after irrigation,
creating actual drought stress conditions. The 22 day after treatment, when the soil moisture content reached 20%, was
considered the point in time when drought stress conditions were formed. The point at which the SPAD value decreased to 0.6%
of normal was estimated to be 23.5 days after treatment by using the regression equation between NDVI and SPAD.
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Table 1. Overview of intermittent drainage treatment duration and dates.

Continuously

Intermittent drainage duration (weeks)

Treatment flooded 2 3 2 S
Start date
M/DD) - 7/10 713 13 713
End date
M/DD) - 724 724 731 8/7
Water stress days 0 7.7/6.3 14.7/6.3 14.7/13.3 14.7/20.3

(vegetative/reproductive stage)
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Fig. 1. Change of soil water content (VWC (%)) during the intermittent drainage period (a), and reduction in soil water content
during the drainage period compared to continuously flooded conditions (b).
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Table 2. Changes in major agronomic traits, grain yield, and yield-related traits under different intermittent drainage treatments.
For SPAD, data from 1 day before the end of treatment were used. In treatments D2 and D3, most water stress was
applied during the vegetative stage. In the D4 and D5 treatments, water stress was applied from the vegetative to the
reproductive stages.

Growth Intermittent drainage treatment

characteristics CF D2 D3 D4 D5

Delayed of Heading date (days) - -0.46a 1.7b 10.28bc
SPAD 38.42a 39.74a 40.28a 8.11b -

Culm length (cm) 74.22a 76.66a 75.82a 72.42b
Panicle length (cm) 17.90a 19.13a 17.58ab 18.05a -
Grain No. Per Panicle 74.90a 74.60a 70.28a 69.95ab -
Panicle No. Per Plant 11.44a 11.82a 12.69a 11.09ab -

Grain No. Per Plant 857.24a 881.93a 891.76a 775.71b
Seed setting rate (%) 90.01a 90.73a 89.65a 76.60b -
1000-grain weight (g) 30.44a 31.26a 30.07ab 30.32a -
Yield (g/plant) 25.24a 26.41a 26.10a 19.88b -

% Different letters indicate a significant difference detected using Least Significant Difference test (P <0.05).

Table 3. Changes in SPAD values with different intermittent drainage treatments.

Intermittent Drainage Treatment

Day after Treatment

CF D2 D3 D4 D5
14 39.28+0.75a 39.74+0.57a 42.36+0.48b 40.71+£0.96ab 41.92+0.44ab
17 39.354+2.30a 38.88+0.52a 41.78+0.89a 41.28+0.53a 41.04+0.85a
21 38.42+1.57a 38.17+0.23a 40.28+0.62a 42.27+0.37ab 41.78+1.79ab
24 37.98+1.67a 35.51+0.90a 40.17+1.73a 12.90+2.93¢ 20.71£5.11b
28 36.64+2.27a 35.97+0.74a 38.31+1.15a 8.11£2.28b 7.45+2.28b
31 35.07+1.88a 31.60+1.00b 38.03+0.59a 14.86+1.16¢ 5.38+1.28d

% Different letters indicate a significant difference detected using Least Significant Difference test (P < 0.05).
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NDVI

Day after Treatment

Fig. 2. Comparison of NDVI based on the intermittent drainage treatments.

03

PRI

Day after Treatment

Fig. 3. Comparison of the PRI with intermittent drainage treatments.
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Tc—Ta(°C)

Day after Treatment

Fig. 4. Comparison of 7,— 7, based on the intermittent drainage treatments.

(b) ©
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Fig. 5. Regression analysis between 7. — 7, of CF and meteorological data. Solar radiation (a), air temperature (b), and VPD (c).
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Day after Treatment

Fig. 6. Comparison of the CWSI based on intermittent drainage treatments.
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