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Abstract: The messages of crop water deficit, soil moisture and field meteorology are the fundamental data
to meet the needs of water saving, good quality and high yield in modern field irrigation management.
Above all, it is very important to obtain these data at the same step in real time. A field monitoring system
in real-time was presented which could support the data of crop canopy temperature, environment message
and soil moisture at 1 h interval. It was powered by solar panel and controlled with a microprocessor to
manage the data collection and storage. The configured sensors included infrared temperature, air
temperature and humidity, soil water content, soil water potential and temperature. The infrared
temperature sensor was installed at the end of the cantilever arm fitted on the upright stainless steel rod. It
had a 45° inclination angle of the cantilever arm to scan the temperature of underlying surface. Each time,
it collected multiple spot at 36° interval above the crop canopy and went back to the original location.
Therefore, the average value of the canopy temperature would be more precise than that of the single
detection. The rapid locking device could adjust the cantilever arm and sensors to the suitable position
following the stainless steel rod, according to the need in different crop growth seasons. After the analysis
of the monitoring data, all of these could describe the refined crop actual circumstance in the field and they

can be used in irrigation decision-making and irrigation management. Moreover, how to separate reasonably
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the surface temperature occurred from infrared data scanned and determine the dependable threshold values

of irrigation decision-making indexes, are the key points in the next step.

Key words; Canopy temperature  Soil moisture

Irrigation decision-making
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Fig. 1  Structure diagram of real-time monitoring system of
crop canopy temperature and soil moisture
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Fig.2  Function flow chart of real-time monitoring system of crop canopy temperature and soil moisture
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Fig.3 Rotating arm structure of real-time monitoring
system of crop canopy temperature and soil moisture
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Fig.4 Field supervising circumstance of real-time monitoring

system of crop canopy temperature and soil moisture
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Fig.5 Monitoring data in growth season of winter wheat and summer maize

(a) .(b) 2015 -03 —25 &/
(e) . (f) 2015 -08 —07 & £k

g TR R AV J58 A A B2, 5 (6 0 T A 2

(4) AR PHAE R M A 2 AR eI, G 7 F (]
A B FLZR AT AN 52 WA A A , RE A6 385 107 Sk = Flt 0 {3 2
R SNIREE , AR AR GE R TR Iz 5 ol P $ IR

(5) A FR G i 2 i)V 1 e 2 3l = it/
JEE LA K A 58 ) 1 R UK R B AOK BE B Al LL 4
AT TR A 221 ] P [ 9 A 1 00 0 0 358 D93 0 L Y
SEME, BE A8 S A W NG R B Ok 3R RN AR LR AL AT

(¢).(d) 2015-03 —30—04 — 06 & /N3
(g) .(h) 201509 —04—09 — 08 & % X

X,

(6) 3 3 2 4 038 A7 R 43 A B, o A
YRGS VHE W P R A B B L IS, R BE Bk R — S
F IR B LA B A BT VR AR K B RIER B
A BEIR B S GE R OB E R, A, mEE
ST AR T LA B A R R A g S TR
I H R 19 A Bl X 4y, 2 i — 25 0 5 1Y
ME A



5 12 3] SR UK AF ST IR )R IR AN S 1 A S I M 5 TR e R R A 139

11

12

13

16

& % x Wt

Jackson R D, Idso S B, Reginato R J, et al. Canopy temperature as a crop water indicator [ J|]. Water Resources Research, 1981,
17(4) :1133 - 1138.
Moran M S, Clarke T R, Inoue Y, et al. Estimating crop water deficit using the relation between surface-air temperature and
spectral vegetation index [J]. Remote Sensing Environment, 1994, 49.246 —263.
SRR, XVER 20, . TER AR S OR 22 W S SR Rl (1], i R A KRR ,2010(2) :64 - 66.
Cai Jiabing,Liu Yu,Li Xin, et al. Online data collection system of crop infrared canopy temperature for irrigation control[ J]. China
Rural Water and Hydropower, 2010(2) :64 —66. (in Chinese)
Wanjura D F, Maas S J, Winslow J C, et al. Scanned and spot measured canopy temperatures of cotton and corn [ J]. Computers
and Electronics in Agriculture, 2004, 44 . 33 —48.
Sheng W, Sun Y, Schulze Lammers P, et al. Observing soil water dynamics under two field conditions by a novel sensor system
[J]. Journal of Hydrology, 2011, 409(1 -2) :555 -560.
Blonquist Jr ] M, Norman ] M, Bugbee B. Automated measurement of canopy stomatal conductance based on infrared temperature
[J]. Agricultural and Forest Meteorology, 2009, 149(11) ;1931 - 1945.
Fisher D K, Kebede H. A low-cost microcontroller-based system to monitor crop temperature and water status [ J]. Computers and
Electronics in Agriculture, 2010, 74.168 - 173.
Sun Y, Li L, Schulze Lammers P, et al. A solar-powered wireless cell for dynamically monitoring soil water content [ J].
Computers and Electronics in Agriculture, 2009, 69:19 -23.
B % XK #, BLRIE % BT RS 0 B SR R i S E [T]. R HLME R, 2013, 44 () 2) « 241 -
246, 250.
Yue Xuejun, Liu Yongxin, Hong Tiansheng, et al. Design and experiment of automatic irrigation control system based on soil
moisture meter [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 ( Supp. 2) :241 - 246,250. (in
Chinese)
FRLOR A58 PR SR , F BE T IR L AT I 0 4 Y % el o0 A S ) R S LT ] AR WL A 1R ,2011,42(9) : 173 - 180.
Han Antai, He Yong, Chen Zhiqgiang, et al. Design of distributed precision irrigation control system based on wireless sensor
network for tea plantation [ J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42 (9).:173 - 180. (in
Chinese)
R, ERI, RN, %, YRR M TR AL M4 BT A LT]. Rl LA ,2009,25(7) 143 - 147.
Xiong Shuming, Wang Liangmin, Wang Xinsheng, et al. Development of wireless sensor networks in precision irrigation system
for crop [J]. Transactions of the CSAE, 2009,25(7) :143 = 147. (in Chinese)
W AT ST, TR SCEE L AR B TR K A3 W38 7 R HOR (1 TE 4k % IR 2R I A R R HE R R GE I AL RS L] Al TR AR,
2008,24(1) :60 - 63.
Gao Feng, Yu Li, Zhang Wen’ an, et al. Preliminary study on precision irrigation system based on wireless sensor networks of
acoustic emission technique for crop water stress[ J]. Transactions of the CSAE, 2008, 24 (1) :60 —63. (in Chinese)
U AT ST, TR S0 L BT R AR AR ALY TE R AL S U R R A LT ] Al TAR 4R 2008 ,24(11) 7 - 12.
Gao Feng, Yu Li, Zhang Wen’ an, et al. Preliminary study on precision irrigation system based on wireless sensor networks for
stem diameter microvariation [ J]. Transactions of the CSAE, 2008, 24(11) ;7 —12. (in Chinese)
BRA A BT R A BT 2R AR U ALY Zighee A AL M HE ML ME P R GE RO BT[] g ARk R 227 4R ,2013,47 (4) -
430 —435.
Cai Bin, Li Mian, Qiu Xiurong,et al. Design on cotton precision irrigation and monitoring system based on Zighee wireless sensor
networks for microvariation of stem diameter [ J]. Journal of Henan Agricultural University,2013,47 (4) :430 —435. (in Chinese)
BH UK. S WM R S TR S & /N E Z AR ER A R R ISR T FE (D] de st o R Olk K2 ,2006.
Cai Jiabing. Real-time predicting of ETo and irrigation decision-making with multi-indicator for precision irrigation: a case study
with winter wheat [ D]. Beijing: China Agricultural University, 2006. (in Chinese)
Allen R G, Pereira L. S, Raes D, et al. Crop evapotranspiration; guidelines for computing crop requirements. FAO Irrigation and

Drainage Paper No.56[ M]. Rome: FAO, 1998.


http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=2013s245&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20110934&journal_id=jcsam

