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In intelligent agriculture technology, the
application of intelligent field sensors is a crucial
development trend. When used in conjunction
with wireless network transmission and Internet
of things (IoT) technologies, intelligent field
sensors can resolve manpower shortage problems
in farm villages as well as improve the efficiency
of field operations. By sending the data received
by sensors to cloud storage, field managers can
collect instantaneous crop-growth data and
environmental information; subsequently, these
data can be used as a basis for performing
efficient management and decision-making.
Conventional cultivation of paddy fields typically
consumes a large amount of water resources.
However, climate change has resulted in a
shortage of water resources, causing their
effective utilization to become a critical concern in
paddy cultivation management. Our results
showed that the usage of intelligent sensors for
water management of alternate wetting and
drying irrigation can effectively save the total
irrigation water consumption for 30.9% and 49.8%,
respectively, which was compared with the
conventional irrigation management. In addition,
the physiological characteristics (e.g., plant height,
leaf age, and leaf color) in rice and yields were not
affected under alternate wetting and drying
irrigation management condition. Furthermore,
the field environmental information was
integrated to analyze the correlation between
physiological  characteristics in rice and
environmental factors. The results showed
significant positive correlation between plant
height, leaf age, plant canopy, and leaf area in
physiological characteristics and growing degree
days and radiation in environmental factors.
Taken together, we can achieve water resource
conservation by used intelligent water-level
monitoring devices and advance toward
intelligent production management.

Keywords: Rice, Intelligent agriculture,
Intelligent field sensors, Water
management, Alternate wetting and
drying planting.
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Fig. 1. The photograph of installing paddywatch (A) and water meter (B) in the field in Taiwan Agricultural

Research Institute (TARI).
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Fig. 2. Intelligent agriculture: received information
of environmental factors by intelligent
sensor in the field with internet.

Table 1. Monthly average temperature and rainfall at experiment area in 2018.

First crop Second crop
Month
Mar. Apr. Jun. Aug. Sep. Oct. Nov.
Average temperature (‘C) 20.6 24.0 28.4 27.8 27.9 245 23.4
Average rainfall (mm) 27.0 29.5 220.0 470.5 32.5 0.5 15.0

First crop from March 2nd to June 8th. Second crop from August 13th to November 12th,
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Fig. 3. The rice variety TN11 cultivation calendar and the change of water level during days after transplant in

fields. The water level during development process was recorded by intelligent field sensor and

compares the effect of treatment between CP and AWD. (A) The model of water management in Taiwan.
(B) The cultivation calendar of first crop in TN11. The rice transplanted to soil in March, and harvested
in June 2018. (C) The cultivation calendar of second crop in TN11. The rice transplanted to soil in
August, and harvested in November 2018. CP: Conventional plant; AWD: Alternative wet and dry.
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Fig. 4. Effects of plant height, leaf age and SPAD
value during days after transplant between
CP and AWD treatments in the first crops
(A-C) and second crops (D-F). CP:
Conventional plant. AWD: Alternative wet
and dry. DAT: Days after transplant. The
data represent average value from three
biologically independent experiments and
error bar indicate SD.
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Fig. 5. Effects of plant canopy and leaf area index
during days after transplant between CP and
AWD treatments in the first crops (A, B) and
second crops (C, D). CP: Conventional plant.
AWD: Alternative wet and dry. DAT: Day
after transplant. The data represent average
value from three biologically independent
experiments and error bar indicate SD.
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Table 2. The yield components and grain yield in rice cultivar TN11 during first- and second-crops (2018).

f P f 1000-grai
Flower stage NuTnber " Number of ercen.te.\ge of 1000 .gram Grain yield
Year Treatments panicles per . fertility weight
after transplant 5 spikelet o (kg/ha)
(m?) (%) ®)
2018 () CP* 74.0£0.22 426.3+46.920 99.3+0.32 97.0£0.02 23.3+0.6>  7684.8+794.4
AWD** 74.0%1.42 457.5£73.82 106.8+2.1a 95.0£0.02 23.4+1.0eb  8165.6+361.72
2018 (I) CP 65.3£0.5¢ 328.1£50.4¢ 100.546.62 90.0+0.0° 24.9+1.00 6841.3+£384.2b
AWD 67.3+1.4b 361.9439.8bc 98.6£3.42  89.0+0.0° 23.442.7ab  6510.7+82.00

* CP: Conventional plant ; **AWD: Alternative wet and dry.
The values are present as mean + SD, and different letters indicate significant difference between the
treatments assessed by LSD test (P < 0.05).
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Fig. 6. The correlation coefficient between agronomic traits and environment factors under CP and AWD
treatments in the first crops (A) and second crops (B). CP: Conventional plant. AWD: Alternative wet
and dry. GDD: growing degree days. Correlations coefficient with p-value < 0.05 are considered as
significant with star.
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Table 3. The effect of the water consumption between conventional plant and alternative wet and dry
treatments in TN11 during first- and second-crops (2018).

Rainfall Consumption Total water Irrigation
Year Treatments in field of water volume in field water saving
(m3/ha) (m3/ha) (m3/ha) (%)
2018 (1) CP* 1.8 16852.6 16854.5 30.9
AWD** 1.9 11645.2 11647.0
2018 (II) CP 44 18673.7 18678.1 49.8
AWD 4.5 9381.7 9386.2

* CP: Conventional plant; **AWD: Alternative wet and dry.
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