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Abstract: Sensor-based irrigation scheduling methods (SBISM) use sensors to measure soil moisture and
schedule irrigation events based on the soil-water status. With rapid development of soil moisture sensors,
more producers have become interested in SBISM. Arkansas Irrigation Scheduler (AlS) is a weather-based
irrigation scheduling tool and has been adopted in the Mid-South for many years. Field studies were
conducted for two years in Mississippi Delta to compare the SBISM with the AIS. Soil moisture sensors
were installed in multiple locations of a soybean field. Soil water contents of the field were measured across
the growth season. Meanwhile, the AIS was installed in a computer. A weather station near the soybean
field was employed to obtain all data required by the AIS. Number and time of the irrigation events triggered
by the SBISM were compared with those scheduled by the AIS. Results showed the number and time of
irrigation events scheduled using the SBISM were often different from those predicted by the AIS,
especially during the 2018 growing season. Both the sensor-based irrigation scheduling method and the
AIS could be used as tools for irrigation management in the Mid-South region, but extra attention to the
effective portion of rainfall or irrigation would be needed in some years.

INTRODUCTION

Irrigated agriculture in the US is a major consumer of freshwater, accounting for 80% of the nation's
consumptive water use (Schaible and Aillery, 2015). Irrigation is essential for crop production in arid and
semiarid regions. However, in recent years, acreage of irrigated land has increased rapidly the Mid-South
region including the Mississippi Delta (MD). MD is one of the major crop production regions in the United
States. Though typical annual precipitation is about 130 cm in this area, only about 18% of the precipitation
occurs during June to August when crops require a large quantity of water. Furthermore, the precipitation
patterns in summer frequently include heavy rainfall events that increase runoff from cropland with only a
small amount of rainfall percolated into the soil profile and available for plant use. Uncertainty in the
amount and timing of precipitation is one of the most serious risks to crop production in MD. Timely
irrigation has been shown to increase yields of corn (Sui et al., 2015; Vories et al., 1993) and cotton (Sui et
al., 2017; Vories et al., 2007). Producers in this region have become increasingly reliant on irrigation to
ensure adequate yields and reduce production risks. Approximately 90 percent of irrigated cropland in this
region relies on the groundwater supply from the Mississippi River Valley Alluvial Aquifer. Excessive
withdrawal of the groundwater has resulted in a decline in aquifer levels across the region. Ongoing
depletion and stagnant recharging of the aquifer jeopardize the long-term availability of the aquifer and
place irrigated agriculture in the region on an unsustainable path. It is necessary to seek improved irrigation
technologies to increase water use efficiency for sustainable use of water resources.

Irrigation scheduling is one of the irrigation technologies to determine the time and amount of water to
apply. Irrigation scheduling methods include weather-based, soil moisture-based, and plant-based methods.
Weather-based methods schedule irrigation based on the estimated amount of water lost by plant
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evapotranspiration (ET) and the amount of effective rainfall and irrigation water entering into the plant root
zone. Soil-based methods measure soil moisture or water potential levels in the plant root zone and water
is applied when there is a water shortage for plants. Plant-based methods directly detect plant responses to
water stress and irrigation is initialized as plants indicate suffering from water stress.

In soil moisture-based irrigation scheduling, soil moisture content can be directly determined using manual
gravimetric soil sampling by weighing and drying the soil sample. The gravimetric method is simple.
However, it is time consuming and expensive as frequent measurements are required. Electromagnetic (EM)
sensors, such as electrical capacitance and resistance type sensors, and time-domain reflectometer (TDR)
devices have been rapidly developed and widely adopted for soil moisture measurement in irrigation
scheduling (Dukes and Scholberg, 2004; Evett and Parkin, 2005; Fares and Alva, 2000; Miranda et al.,
2005; Seyfried and Murdock, 2001; O’Shaughnessy and Sui, 2018; Sui, 2018; Sui and Baggard, 2015;
Vellidis et al., 2008).

The Arkansas Irrigation Scheduler (AIS) was developed in the 1970s and early 1980s under the leadership
of Dr. James Ferguson to aid Arkansas farmers in managing irrigation. It has been in use for almost forty
years in Arkansas and surrounding states. The AIS uses a water-balance approach to scheduling irrigation.
The system balance represents the soil water deficit (SWD), the difference between the soil's existing
moisture content, summed over the rooting depth, and the moisture content of the soil at its well-drained
upper limit. Deposits to the system include rainfall and irrigation. Withdrawals from the system include
crop evapotranspiration (ETc), runoff, and deep percolation below the root zone. Deep percolation is
considered negligible when the SWD > 0 and is therefore not considered in the program. Rooting depth is
not used explicitly in the program, but is implicit in the choice of a maximum allowable SWD (Vories et
al., 2009).

The objective of this study was to compare the sensor-based irrigation scheduling method (SBISM) with
the Arkansas Irrigation Scheduler (AIS) in irrigation scheduling.

MATERIAL AND METHODS

The study was conducted in 2017 and 2018 in a 6.7-ha field at the USDA ARS Research Farm in Stoneville,
Mississippi, USA (latitude: 33°26'30.86", longitude: -90°53'26.60"). Silt loam was the predominant soil
type in the field. The field was a quadrant of the area under a center pivot irrigation system. Three irrigation
treatments were set up in the field, which are variable rate irrigation (VRI), uniform rate irrigation (URI),
and rainfed. VRI and URI treatments were assigned in the area under the pivot while the area in the corner
of the field was assigned for rainfed treatment. Irrigation scheduling in both VRI and URI treatments was
performed using the SBISM. Soybean was planted in the field on April 7 in 2017 (cultivar: HBK4950) and
April 20 in 2018 (cultivar: HBK4855). The studies were harvested on September 9 in 2017 and October 4
in 2018. Insects and weeds in the field were controlled with generally recommended procedures in the
region throughout the growing seasons.

For irrigation scheduling, GS-1 soil water content sensors (Decagon Devices, Pullman, Washington, USA)
were employed to measure soil volumetric water content (VWC) in four locations within the field. In each
location, three sensors were installed at three depths (15, 30, 61cm).

To install the sensors, a hole was drilled at the center of the crop row using a soil auger. The sensors were
inserted horizontally into the soil at the designated depths. One data logger (EM50R/G, Decagon Devices,
Pullman, Washington, USA) was used to collect soil moisture data from the sensors. Data loggers were set
up to continuously make one measurement of soil water content every minute and calculate the hourly
average of the measurements. Readings of the soil water content from the logger were downloaded
wirelessly.
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Soil water content measured using the sensors was used for irrigation scheduling. Soil water content
measurements at the three depths were interpreted using a weighted average method to reflect the
importance of soil water in different depths across the plant root zone. A weight was assigned to each sensor
measurement based on the sensor depth as 0.45, 0.35, and 0.2 for the sensor depth of 15, 30, 61cm,
respectively. The weighted average of the VWC was used for irrigation scheduling. In this region, it is very
common that long-lasting rainfalls occur in early crop growing season to saturate the soil. Soil VWC
measured by the sensors in field at 48 hours after soil was saturated was used as the sensor-measured field
capacity (FC). VWC at permanent wilting point (PWP) of the soil was determined based on the soil type
(Sandall, 2018). Irrigation was triggered when the plant available water (PAW) dropped close to 50%.

PAW is defined as follows:

(Sensor_measured VWC) - (VWC at PWP)

PAW =
FC - (VWC at wilt point)

In general, at each irrigation event, a 19mm depth of water was applied to the 100% rate zone of VRI
treatment and all zones of URI treatment. Water depth applied to the other zones of VRI treatment was
scaled down according to the rate assigned. Irrigation water was delivered using a center pivot VRI system.

A weather station located near the soybean field was used to collect weather data including daily ETo.
Irrigation events were triggered by the soil water content measured by the sensors. The amount of irrigation
water applied in each scheduled irrigation event was recorded.

A stand-alone version of the Arkansas Irrigation Scheduler (AIS, version 2.3.4) was installed in a computer.
According to the operation instructions of the AIS, the data were entered in the AIS program, including
planting date, initial soil moisture status, daily ET,, amounts of rainfall and irrigation. The AIS calculated
the daily water deficit with these input data. It was assumed that any rainfall was effective (i.e., entered the
soil) until the SWD was replaced and any additional amount ran off the field.

RESULTS AND DISCUSSION

The total precipitation and ET, were 656mm and 433mm, respectively in the 2017 growing season. The
soil water content change across the growing season in 2017 was illustrated in Figure 1. Soil moisture
sensors responded well to major precipitations, especially the sensor in the 15cm depth. The sensor-
measured soil moisture was used to trigger the irrigation events. Based on the weighted soil VWC, the first
irrigation in the amount of 19mm was scheduled on July 21 as the weighted soil VWC dropped to 31%.
Another three irrigations were conducted on July 27 in amount of 19mm, August 1 in amount of 22mm,
and August 4 in amount of 19mm (Fig. 2) to maintain a low water deficit considering the crops were in the
R3-R4 stages, in which the plant is more susceptible to water stress than the other growth stages. Though
the weighted soil VWC dropped below the irrigation trigger level around May 20" and June 15", irrigation
was not scheduled for two reasons: the plants were at stages in which they are more tolerant to water stress,
and the weather forecast indicated a precipitation event coming soon.
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2017 Soil Moisture in Soybean Field
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Fig. 1. Soil water content measurements across the 2017 season in soybean field. Irrigation trigger level
was set at 31% weighted average soil volumetric content.

The daily inputs to the AIS (amount of ET,, precipitation, irrigation) and the SWD predicted by the AIS in
the 2017 growing season are shown in Figure 2. An allowable SWD of 37 mm was selected to call for an
irrigation event, although all irrigations were scheduled by the SBISM. The deficit estimated by the AlIS on
July 20" was 43mm, which indicated an irrigation was needed (Fig. 2). This prediction matched fairly well
with the measurement results of the soil moisture sensors (Fig. 1), although the AIS date would have been
3 days earlier. On June 14", when the sensor-measured soil moisture suggested to schedule an irrigation
(Fig. 1), the AIS deficit prediction was 31mm, which was slightly below the irrigation trigger level of 37mm
(Fig. 2). The AlS also indicated a predicted deficit of 32mm on August 27, near the 37mm trigger. However,
the sensor-based scheduling method did not suggest the irrigation at that time (Fig. 1). This could be caused
by deficit over-prediction by the AIS at the late growth stage of the soybean plants. It was also observed
that the sensor-measured soil moisture dropped below the irrigation trigger line on May 20", but the AIS
predicted deficit at that time was 14mm which is considerably lower than the irrigation trigger level of
37mm (Fig. 1). It should be noted that the AIS adjusts the crop coefficient curve based on soybean maturity
group (MG); however, actual soybean cultivars tend to vary more than the adjustments can account for.
While the cultivar HBK4855 is a MG 4, as a late MG 4 it might fit the MG 5 curve more closely.
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2017 AIS Inputs and Outputs in Soybean
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Fig. 2. Inputs to the AIS including ET,, rainfall, irrigation, and the AIS output of estimated deficit in 2017
soybean growing season. Irrigation trigger level was set at the AIS predicted deficit of 37mm.

The total precipitation and ET, were 644mm and 438mm, respectively, in 2018. Starting from June 9™,
seven irrigations were scheduled based on the soil moisture measured by the sensors in 2018 (Fig. 3). 19mm
water was applied in each irrigation event. The 1t irrigation on June 9" and the 2" on June 12™ did not
bring the soil moisture content back up to the irrigation trigger level. The rain on June 13" and 19" increased
the soil moisture and charged the soil VWC above the irrigation trigger level. The apparent fluctuation of
the VWC at 61cm depth on June 4" was caused by the failure of a sensor at that depth in one location. On
July 3" and July 6™, the third and fourth irrigations were triggered as the soil moisture decreased to 31%.
The other three irrigation events on July 26, July 27, and August 15 were scheduled based on the sensor-
measured soil moisture. Irrigations should have been conducted between July 28 and August 15 according
to the sensor-based irrigation scheduling (Fig. 3). However, due to a problem with the center pivot, no
irrigation could be made during that period. The apparent lack of response to irrigation observed in the soil
moisture sensors suggests that soil compaction and/or crusting prevented much of the applied water from
entering the soil. Unfortunately, such a situation is fairly common in the region.
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2018 Soil Moisture in Soybean Field
0.45

— 15CM 30CM 61CM - - -Weighted Avg. - - —Irrigation Trigger Line

0.40

0.35

0.30

Soil Volumetric Water Content (m3/m?3)

o
N
o

0.20
5/7/18 5/21/18  &/4/18 6/18/18 7/2/18 7/16/18 7/30/18 8/13/18 8/27/18 9/10/18
Date

Fig. 3. Soil water content measurements across 2018 season in soybean field. Irrigation trigger level was
set at 31% weighted average soil volumetric content.

When the first four irrigations in the 2018 season were scheduled on June 9th, June 12, July 3, and July
6™, the deficits predicted by the AIS were 14mm, 3mm, 27mm, and 22 mm, respectively, which were less
than the AlS irrigation trigger level of 37mm (Fig. 4). When the fifth sensor-based irrigation was scheduled
on July 26™, the deficit predicted by the AIS was 44mm, which surpassed the AIS irrigation trigger level
of 37mm; however, it was 30mm when the sixth irrigation was scheduled on July 27'. When the seventh
irrigation was scheduled on August 15", the estimated deficit was 26mm, which was below the irrigation
trigger level. The AIS assumed that all surface water had run off the field within 24h and started
accumulating the deficit from zero in the next day, while in reality, such a large rain period often has a
longer-lasting effect. The discrepancies between the two methods earlier in the season probably resulted
from reduced soil intake suggested by the sensors, while the AIS estimates assumed that the water reached
the root zone. This points out a serious shortcoming with water-balance methods like the AlS, knowing
how much of a rainfall or irrigation was actually effective and should be used to adjust the deficit.
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2018 AIS Inputs and Outputs in Soybean
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Fig. 4. Inputs to the AIS including ETo, rainfall, irrigation, and the AIS output of deficit output in 2018
soybean growing season. Irrigation trigger level was set at the AlS predicted deficit of 37mm.

CONCLUSION

Field studies were conducted to compare the sensor-based irrigation scheduling method (SBISM) with the
AIS (Arkansas Irrigation Scheduler). Two years of tests in soybean crops showed the number and time of
irrigation events scheduled by the SBISM differed from those predicted by the AIS, especially in 2018. A
couple of mismatching of the irrigation recommendations between these two approaches occurred at the
early and late growth season, which might have been caused by the lack of precision in the AIS crop
coefficient functions and very high soil moisture content due to large amounts of precipitation in the late
growing season. The most pronounced differences were observed in 2018, when the sensors indicated
problems with applied water reaching the root zone while the AIS assumed that it did. Both of the SBISM
and the AIS could be used as tools for irrigation management in the Mid-South region, but extra care is
needed when soil crusting or compaction reduce the effectiveness of irrigation. The wireless soil moisture
sensors, which can provide real-time in-situ soil moisture measurement, made the SBISM easy to use. The
AIS requires daily weather data from a weather station near the field, which makes it less user friendly. The
prediction accuracy of the AIS might be significantly influenced if this requirement could not be met.

Disclaimer

The mention of trade names of commercial products in this article is solely for the purpose of providing
specific information and does not imply recommendation or endorsement by the U.S. Department of
Agriculture.



Presented at 2018 Irrigation Show & Education Conference, December 3-7, 2018, Long Beach,
California, USA

REFERENCE

Dukes, M. D. and J. M. Scholberg. 2004. Soil moisture controlled subsurface drip irrigation on sandy soils.
Applied Engineering in Agriculture, 21(1):89-101.

Evett, S. R., and G. W. Parkin. 2005. Advances in soil water content sensing: The continuing maturation
of technology and theory: Vadose Zone J., 4:986-991, doi:10.2136/vzj2005.0099.

Fares, A. and A. K. Alva. 2000. Evaluation of capacitance probes for optimal irrigation of citrus through
soil moisture monitoring in an entisol profile. Irrig. Sci., 19:57-64

Miranda, F. R., R. E. Yoder, J. B. Wilkerson, and L. O. Odhiambo. 2005. An autonomous controller for
site-specific management of fixed irrigation systems: Comp. Elec. Agric., 48(3)183-197.

O’Shaughnessy, S.A. and R. Sui. 2018. Chapter 11- Advanced Tools for Irrigation Scheduling. In
Advances in Agricultural Machinery and Technologies. Ed. Guangnan Chen. CRC Press, Boca Raton, FL.
Pp. 263-288.

Sandall, L. Irrigation Management.
http://croptechnology.unl.edu/pages/informationmodule.php?idinformationmodule=1130447123&topicor
der=3&maxto=13&minto=1. Accessed online on Oct. 13, 2018.

Sandall, L. Physical Properties of Soil and Soil Water.
https://passel.unl.edu/pages/informationmodule.php?idinformationmodule=1130447039&topicorder=10&
maxto=10&minto=1. Accessed online on Oct. 13, 2018.

Schaible, G. and M. Aillery. 2015. Irrigation & water use. http://www.ers.usda.gov/topics/farm-practices-
management/irrigation-water-use.aspx. Accessed on Oct. 9, 2018.

Seyfried, M. S., and M. D. Murdock. 2004. Measurement of soil water content with a 50-MHz soil
dielectric sensor. Soil Sci. Soc. Am. J., 68:394-403.

Sui, R. 2018. Irrigation scheduling using soil moisture sensors. J. Agric. Sci. 10(1) 1-11.
doi:10.5539/jas.v10n1pl.

Sui, R. and J. Baggard. 2015. Wireless sensor network for monitoring soil moisture and weather conditions.
Appl. Engr. Agric. 31(2):193-200. doi:10.13031/aea.31.10694.

Sui, R., R. K. Byler, and C. D. Delhom. 2017. Effect of nitrogen application rate on yield and quality in
irrigated and rainfed cotton. J. Cotton Sci. 21:113-121.

Sui, R., D. K. Fisher, and K. N. Reddy. 2015. Yield response to variable rate irrigation in corn. J. Agric.
Sci. 7 (11):11-18. doi:10.5539/jas.v7n11pll.

Vellidis, G., M. Tucker, C. Perry, C. Kvien, and C. Bednarz. 2008. A real-time wireless smart sensor array
for scheduling irrigation. Computers and Electronics in Agriculture, 61:44-50.

Vories, E. D., R. Hogan, P. Tacker, R. Glover, and S. Lancaster. 2007. Estimating the impact of delaying
irrigation for Midsouth cotton on clay soil. Trans. ASABE 50(3):929-937.

Vories, E. D., D. J. Pitts, and J. A. Ferguson. 1993. Sprinkler irrigation response of corn on clay. Ark.
Farm Res. 42, 6-7.

Vories, E., P. Tacker, and S. Hall. 2009. The Arkansas Irrigation Scheduler. Proceedings of World
Environmental and Water Resources Congress. P. 3998-4007.


http://croptechnology.unl.edu/pages/informationmodule.php?idinformationmodule=1130447123&topicorder=3&maxto=13&minto=1
http://croptechnology.unl.edu/pages/informationmodule.php?idinformationmodule=1130447123&topicorder=3&maxto=13&minto=1
https://passel.unl.edu/pages/informationmodule.php?idinformationmodule=1130447039&topicorder=10&maxto=10&minto=1
https://passel.unl.edu/pages/informationmodule.php?idinformationmodule=1130447039&topicorder=10&maxto=10&minto=1
http://www.ers.usda.gov/topics/farm-practices-management/irrigation-water-use.aspx
http://www.ers.usda.gov/topics/farm-practices-management/irrigation-water-use.aspx

