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RESEARCH ARTICLE
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Water advance model and sensor system can reduce tail runoff in 
irrigated alfalfa fields 
by Brad J. Arnold, Shrinivasa K. Upadhyaya, 
Jedediah Roach, Parasappa S. Kanannavar and 
Daniel H. Putnam

Surface irrigation, such as flood or furrow, 
is the predominant form of irrigation in 
California for agronomic crops. Compared 
to other irrigation methods, however, it 
is inefficient in terms of water use; large 
quantities of water, instead of being used 
for crop production, are lost to excess deep 
percolation and tail runoff. In surface-
irrigated fields, irrigators commonly cut off 
the inflow of water when the water advance 
reaches a familiar or convenient location 
downfield, but this experience-based strat-
egy has not been very successful in reducing 
the tail runoff water. Our study compared 
conventional cutoff practices to a retroac-
tively applied model-based cutoff method 
in four commercially producing alfalfa fields 
in Northern California, and evaluated the 
model using a simple sensor system for 
practical application in typical alfalfa fields. 
These field tests illustrated that the model 
can be used to reduce tail runoff in typical 
surface-irrigated fields, and using it with a 
wireless sensor system saves time and labor 
as well as water. 

Although drip irrigation and other 
similarly precise irrigation methods 

have made significant improvements to 
on-farm irrigation efficiency, a large per-
centage (around 43% in 2011) of growers 
still use surface irrigation methods, such 
as flood or furrow (DWR 2013). These 
methods tend to be less water-use effi-
cient due to excess deep percolation and 
tail water drainage (i.e., runoff) (Walker 
1989). Because of the potential for greater 
water usage and loss, surface-irrigated 
crop production has come under severe 
scrutiny and is the target of many agricul-
tural water-use efficiency programs in the 
United States, particularly in California. 

Growers are being encouraged to either 
increase the efficiency of their current ir-
rigation systems or decrease the size of 
their farmland. In many situations, simple 
changes in water management or irriga-
tion scheduling practices can decrease 
water losses and significantly increase a 
system’s water-use efficiency (Bali et al. 
2010; Grismer 2001).

Alfalfa (Medicago sativa L) is grown 
extensively in the western United States 
(Putnam et al. 2000) and frequently is 
surface irrigated (Schwankl and Pritchard 
2003). Needing irrigation throughout the 
summer and fall months, it is the great-
est water user of all California crops, 
accounting for about 19% of the state’s ag-
ricultural water use (Putnam 2012). An al-
falfa field is typically divided into checks 
(bays) separated by parallel ridges of soil, 
called borders. Water flows down the field 
slope, guided by the borders, to the tail 
end (bottom) of the check and then into 
a drainage ditch; this is frequently called 
check flood irrigation. Key limitations of 
this system include ponding of excess wa-
ter at the tail end of fields, excessive run-
off into drainage ditches or, if the inflow 
is turned off too early, deficient irrigation 
at the tail end of fields. These limitations 

lead to possible poor growth and crop 
yields at the tail ends of checks, applied 
water running off the site instead of being 
used for crop growth, and inferior water 
distribution uniformity (Hanson et al. 
2008). 

Research with surface-irrigated alfalfa 
has shown that proper water manage-
ment can increase water-use efficiency 
while retaining production values such as 
crop yields and quality (Bali et al. 2004). 
Tail water runoff has been shown to have 
a strong correlation to cutoff distance 
(i.e., how far the wetting front, the front 
trajectory of the moving water, has ad-
vanced downfield when the inflow water 
is turned off) (Bali et al. 2010; Saha et al. 
2011). As such, a significant opportunity 
for management improvements in check 
flood systems lies in developing strate-
gies for cutting off the input water more 
precisely according to the advancement of 
the wetting front. 

Irrigators usually do not apply a for-
mulated cutoff strategy but instead use 
trial and error when establishing a cutoff 

Online: http://californiaagriculture.ucanr.edu/ 
landingpage.cfm?article=ca.v068n03p82&fulltext=yes

doi: 10.3733/ca.v068n03p82
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Surface irrigation can result in large amounts of water lost to runoff and excess percolation. UC 
researchers found that runoff in commercial alfalfa fields can be reduced significantly by using a 
mathematical model and sensors (above, white poles) to predict and track the advance of water in the 
field. Information from the sensors is relayed wirelessly to a central module, which notifies the irrigator 
via text message when the input water needs to be turned off. 

http://californiaagriculture.ucanr.edu/landingpage.cfm?article=ca.v068n03p82&fulltext=yes
http://californiaagriculture.ucanr.edu/landingpage.cfm?article=ca.v068n03p82&fulltext=yes
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distance. They make several trips to a 
field to determine when the water has 
reached a certain distance from the tail 
end of a check, based on field experience 
and using landmarks or following the 
path of birds or burrowing animals as the 
water advances. Then they turn off the 
inflow water to multiple checks, not just 
the check they have watched. However, 
the ideal cutoff distance is not always the 
same for all checks within a field or even 
for the same check over different irriga-
tion events, due to spatial and temporal 
variability (e.g., soil moisture conditions). 
Even after making several trips to a field, 
an irrigator may miss the intended cutoff 
location or make an incorrect judgment of 
its location, leading to excessive runoff or 
inadequate irrigation.

Saha et al. (2011) reported details of a 
water advance model for managing water 
inflow cutoff in alfalfa fields with check 
flood irrigation. The model calculates an 
effective cutoff time using volume balance 
principles in an irrigated check, allowing 
an irrigator to define the desired amount 
of runoff. Their results in a controlled ir-
rigated alfalfa field on the UC Davis cam-
pus using wired sensors that monitored 
the advance of the wetting front indicated 
that the model could reduce runoff to 
almost negligible levels compared with 
conventional cutoff practices.

Our goal was to assess this water 
advance model (Saha et al. 2011) for prac-
tical use by irrigators in commercially 
producing alfalfa fields with check flood 
irrigation, and determine its potential 
for decreasing runoff in these fields. Our 
specific objectives were (1) to compare 
runoff from a conventional cutoff practice 
to a retroactively calculated runoff from 
the model and (2) to assess the input mea-
surements required to apply the model in 
typical alfalfa operations. 

Field studies

Field tests were conducted in four 
check flood–irrigated alfalfa fields in 
Solano and Yolo counties. All fields were 
either a majority Capay silty clay (Yolo 
series, Typic Haploxerets) or Marvin silty 
clay loam (Yolo series, Aquic Haploxeralfs), 
both heavy clay soils typical to these ar-
eas. Four typical alfalfa fields with three 
irrigation events monitored per field, 
except for one (field D) due to scheduling 
constraints, provided the replications. 
The details of these field sites, where we 

performed tests during the 2011 growing 
season between August and October, are 
presented in table 1.

For each of the three irrigation events, 
two checks were selected at random 
from the set being irrigated (not the same 
checks at each irrigation event). To moni-
tor a predetermined (i.e., based on prior 
experience) cutoff location within each 
check, a wireless contact-type water ar-
rival sensor pole (sensor) was placed by 
the irrigator at that point. When the wet-
ting front arrived at the sensor, the sensor 
sent a wireless signal to a central module 
device, which delivered a time-stamped 
text alert message to the 
irrigator’s cellphone. The 
wireless sensor system 
and central module, which 
is capable of monitoring 
up to 256 sensor poles 
within a half-mile range, 
were designed specifically 
for developing a practical 
cutoff strategy to reduce 
irrigation runoff (Arnold 
2013).  

Extra sensors were 
placed in each of the two 
checks (equidistantly 
before and after the cut-
off location) to gather 
wetting-front advance 
data and assess the speed 
of the wetting front as it 
moved downfield. We re-
corded the times of all wa-
ter arrival notifications at 

the sensors, from the text alert cellphone 
messages to the irrigator, as well as the 
corresponding sensor locations downfield 
from the head end of the check. 

Inflow to each check was monitored 
with a calibrated portable Doppler flow 
meter (PDFM 4.0; Greyline, Massena, 
NY), which was used to take hourly mea-
surements manually prior to cutoff. As 
the wetting front proceeded toward the 
cutoff location, surface water depth was 
manually measured at the various sen-
sor locations and averaged. The layout of 
our experiment, including the randomly 
chosen two checks, the sensors and the 

TABLE 1. Characteristics of four field test sites, 2011

Characteristic Field A Field B Field C Field D

Approximate size, acres (hectares) 54.0 (21.9) 75.5 (30.6) 68.0 (27.5) 37.0 (14.9)

Number of checks 46 98 91 21

Check length, feet (meters) 1,336–1,696*

(407–517)
1,247–1,310* 

(380–399)
1,292 (394) 1,184–1,276* 

(361–389)

Check width, 
± 1.0 foot (0.3 meter)

31.0 (9.5) 27.0 (8.2) 27.0 (8.2) 57.0 (17.4)

Average check slope (longitudinal) 0.21% 0.32% 0.18% 0.24%

Inflow method at each check Two 6 in (15 
cm) diameter 
siphon tubes, 
supplied from 
head ditch

Single 8 in (20 
cm) diameter 
capped valve 
(alfalfa valve)

Single 12 in (30 cm) 
diameter gated pipe 
along head of field, 
supplied by off-site 
pump, with seven 1.5 
by 2 in (4 by 5 cm) 
gates on the pipe

Four or five†

6 in (15 cm) 
diameter 
siphon tubes, 
supplied from 
head ditch

* Lengths differ because of the slope or curvature of the checks along the field width.  
† Inflow methods were generally maintained between irrigations, except for one instance in which a different number of tubes was used for an 

unknown reason.

Siphon tubes, used in alfalfa fields A and D, deliver water from a head 
ditch to the checks. 
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locations of water depth measurements, is 
shown in figure 1.

Conventional cutoff assessment

To assess the conventional cutoff 
method, irrigator-selected cutoff locations 
were used in the tests performed at each 
of the four fields. Table 2 lists, for each 
test, the cutoff distance, measured from 
the head of the check to the selected cutoff 

TABLE 2. Additional sensor locations, irrigation inflow rate, cutoff distance, time to cutoff, and runoff volume in two checks during three irrigation events, 
at four fields, 2011 

Irrigation 
event Check

Distance between additional 
sensors

Average inflow rate

Cutoff distance

Time from 
irrigation 

start to cutoff

Runoff

Before
cutoff 

location, LA               
After cutoff 
location, LF           

From head of 
field

% of check 
length Volume

% of applied 
water

. . . . . . . . . . . .feet (m) . . . . . . . . . . . L/min (gpm) feet (m) % hours acre-foot (L) %

Field A 

1 1 100 (30) 60 (18) 1,097.9 (285.5) 1,446 (441) 85 13.58 0.17 (216,000) 24

2 100 (30) 60 (18) 1,401.5 (364.4) 1,446 (441) 85 9.92 0.23 (284,000) 34

2 1 100 (30) 60 (18) 1,450.3 (377.1) 1,446 (441) 85 15.87 0.15 (184,000) 31

2 100 (30) 60 (18) 1,434.5 (373.0) 1,430 (436) 85 8.88 0.20 (250,000) 36

3 1 100 (30) 60 (18) 1,158.9 (301.3) 1,178 (359) 83 6.02 0.23 (288,000) 69*

2 100 (30) 60 (18) 1,054.8 (274.2) 1,086 (331) 81 6.57 0.27 (334,000) 81*

Field B

1 1 100 (30) 50 (15) 1,487.3 (386.7) 1,047 (319) 84 5.27 0.11 (135,000) 29

2 100 (30) 50 (15) 1,492.6 (388.1) 1,047 (319) 84 4.81 0.09 (105,000) 25

2 1 100 (30) 50 (15) 1,746.3 (454.0) 1,110 (338) 85 4.55 0.24 (292,000) 61*

2 100 (30) 50 (15) 1,761.0 (457.9) 1,110 (338) 85 3.93 0.21 (257,000) 62*

3 1 100 (30) 50 (15) 1,322.9 (344.0) 1,047 (319) 84 5.18 0.13 (164,000) 40

2 100 (30) 50 (15) 1,583.9 (411.8) 1,047 (319) 84 5.20 0.12 (153,000) 31

Field C

1 1 75 (23) 40 (12) 1,054.3 (274.1) 1,128 (344) 87 10.22 0.11 (139,000) 22

2 75 (23) 40 (12) 1,174.7 (305.4) 1,128 (344) 87 10.47 0.09 (106,000) 14

2 1 75 (23) 40 (12) 1,323.9 (344.2) 1,128 (344) 87 8.05 0.12 (152,000) 24

2 75 (23) 40 (12) 1,257.2 (326.9) 1,128 (344) 90 9.53 0.11 (131,000) 18

3 1 75 (23) 40 (12) 1,218.7 (316.9) 1,128 (344) 87 7.17 0.12 (147,000) 28

2 75 (23) 40 (12) 1,119.4 (291.0) 1,128 (344) 87 7.95 0.14 (175,000) 33

Field D

1 1 100 (30) 75 (23) 2,252.9 (585.8) 868 (265) 73 4.83 0.07 (82,000) 13

2 100 (30) 75 (23) 2,549.8 (662.9) 868 (265) 73 4.43 0.18 (227,000) 34

2 1 100 (30) 50 (15) 2,669.0 (693.9) 960 (293) 77 4.10 0.12 (145,000) 22

2 100 (30) 50 (15) 2,727.9 (709.3) 960 (293) 77 4.03 0.17 (204,000) 31
*  Checks were subject to severe cross-flow of water from neighboring checks, so percentages do not represent solely tail water runoff; these results were considered outliers and are not included in the runoff analysis 

(see sidebar, page 85). 

Sensor Cuto� sensor Height measurement

Check 2

Check 1 W

Irrigation valve

LA LA

LC

LA LF

25 feet (8 meters)

LF LF

Fig. 1. Experiment layout: Each test included 
two checks, with an irrigation inflow at the 
head of the field, a sensor (the cutoff sensor, 
orange) at the irrigator-determined cutoff 
distance (LC), additional sensors (blue) to monitor 
the progression of the wetting front and the 
locations where the depth of the surface water 
was measured (red). The additional sensors were 
placed equidistantly before (LA) and after (LF) the 
cutoff location. 
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point. The inflow of water was cut off 
once a text alert was received that water 
had arrived at the cutoff sensor. Runoff 
was calculated using a volume balance 
model (see sidebar, page 85) and the 
sensor-collected wetting-front advance 
data.

Table 2 also lists the calculated runoff 
volume from each check and the runoff 
calculated as a percentage of the water ap-
plied to the check (illustrated in figure 2). 
Cutoff distances were typically between 
75% and 88% of the length of the checks. 
Runoff volumes were generally estimated 
between 13% and 40% of applied water 
(around 0.15 acre-foot per check on av-
erage), much larger than expected for 
heavy clay soils (Bali et al. 2001). These 
results suggest that, in typical practice, 
irrigators are waiting too long to cut off 
water inflow.

Cutoff model assessment 

Using a model developed by Saha et 
al. (2011), the ideal cutoff distance in each 
check to avoid excess runoff was deter-
mined retroactively (see sidebar, page 
86) using the sensor-collected data. The 
results illustrate where cutoff sensors 
should have been placed, and when the 
inflow water should have been turned off. 
Further verification of this model was per-
formed during the 2012 growing season 
in field C (Arnold 2013).

Table 3 shows the model-defined cutoff 
distances for approximately 5% and 10% 
surface runoff (i.e., percentage of applied 
water), an equivalent of 0.25 and 0.5 inch 
of tail-end surface water depth (hL, see 
sidebar, page 86), respectively, which are 
both sufficient to ensure optimized crop 
production while improving upon typical 
values. Results indicate the cutoff sensor 
locations should have been at approxi-
mately 60% to 65% of check length, 220 to 
245 feet (67 to 75 meters) farther upfield 
from where irrigators had placed them. 
This placement would have reduced run-
off volumes significantly. 

The difference between irrigating 
for 5% and 10% runoff was about 0.02 
acre-foot, or 24,670 liters, on average 
and approximately 46 feet (14 meters) in 
terms of cutoff distance, indicating that 
slight modifications to the cutoff distance 
can have significant effects on applied 
water use. For an average field size of 
around 58 acres (23.5 hectares) with 64 
checks (table 1), the difference between 

model-calculated (i.e., 5% runoff) and 
irrigator-determined cutoff distances, and 
the presumed reduction in runoff, could 
mean around 8.5 acre-feet of water saved, 
or approximately $216 per field per ir-
rigation using a conservative estimate for 
alfalfa production of $25.47 per acre-foot 
(Long et al. 2013). 

Savings could be even greater for 
growers with higher water costs (e.g., in 

Runoff estimation model
The following volume balance model was used to calculate the runoff (R) in cubic feet from 
each irrigated check. The model assumes final infiltration rates, the long-term infiltration 
rate to the underlying soil following an initial saturation impulse of infiltration, considered 
negligible (Saha 2010): 

 qtC – wL[  qtC
  

– hA + hF] = R wLC
 (1)

Where the check width (w) and length (L), cutoff distance (LC), and cutoff time (tC) are mea-
sured in feet and minutes, respectively; the inflow rate (q) is measured in feet per minute; 
and the average surface water depth prior to cutoff (hA) and average surface water depth 
after cutoff (hF) are measured in feet. The model assumes negligible recession (i.e., retreating 
of water away from the head of the checks as the surface progressively dries) by the time 
the wetting front has advanced to the tail end of the check; this assumption was verified by 
Arnold (2013) through extensive field tests. It also assumes that the runoff value (R) in the 
model includes any cross-flow of water (i.e., uncontrolled water moving between checks 
due to deteriorated borders and soil cracking, which cannot be measured separately, as 
noted in table 2). 

Test 1, check 1
Test 1, check 2
Test 2, check 1
Test 2, check 2

Test 3, check 1
Test 3, check 2
Average runo�
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Fig. 2. Runoff percentages for each irrigated check and average cutoff distance per field. Differences in 
the configuration of field C (primarily the least amount of average check slope; see table 1) and lower 
inflow rates (see table 2) likely caused the runoff percentages in field C to be lower than for the other 
fields. Outlier results in fields A and B are not shown; see note, table 2.  

Capped valves (alfalfa valves) provided consistent 
water inflow rates in field B.
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Kern County), and they would also multi-
ply during the growing season with each 
irrigation. Savings might also be made 
from minimizing crop production losses 
at the tail ends of fields, due to better ir-
rigation management. Note that the data 
in table 3 are dependent on the field con-
ditions at the time of the irrigation tests 
and may be different for other irrigation 
events in the same field.

Practical application of model

For practical application of the model 
presented by Saha et al. (2011), certain val-
ues must be known or measured before 

and during irrigation to complete the 
model calculations (see sidebar, this page). 
Field dimensions such as the check width 
and length and the sensor distances are 
easily measured using a tape measure 
or GPS before the start of the irrigation 
season and are assumed to be static over 
an entire season. The sensors are placed 
in each monitored check according to 
the setup shown in figure 3. The sensors 
may remain at their locations between ir-
rigation events, moved between irrigated 
checks, or removed for cultural or ma-
chining operations and then replaced in 
the same configuration. 

For each irrigation event, the average 
depth of water prior to cutoff (hA) is cal-
culated by the irrigator once a text mes-
sage is received for water arrival at sensor 
S3, by averaging (using a calculator) the 
manually measured depths at S1 and S2. 
The cutoff time (the number of minutes 
from the arrival of the wetting front at S3) 

is then calculated with a calculator in the 
field by the irrigator, using the mathemat-
ical model (sidebar, this page, equation 3). 

Although the irrigator must make 
these calculations during each irrigation 
event, which could be made easier with 
spreadsheet or calculation software, the 

Cuto�Sensor

WCheck

Irrigation valve

L1 L2 L3

S1 S2 S3

LC

×

×

LX LX

L

25% L
50% L

TABLE 3. Irrigator-determined cutoff distances and cutoff distances calculated using water advance 
model

Field A Field B Field C Field D

Irrigator-determined cutoff distances

Average distance from head of field feet 
(meters)

1,339 
(408)

1,068 
(326)

1,128 
(344)

914 
(279)

Average % of check length 84 84 88 75

Cutoff distances calculated for 5% runoff (hL = 0.25 inch)

Average distance from head of field feet 
(meters)

1,160
(354)

743 
(226)

908 
(277)

739 
(225)

Average % of check length 69 60 71 61

Distance upfield from irrigator-
determined cutoff

feet 
(meters)

282 
(86)

304 
(93)

220 
(67)

175 
(53)

Water savings per acre per irrigation acre-feet/
acre

0.18 0.14 0.15 0.06

Cutoff distances calculated for 10% runoff (hL = 0.50 inch)

Average distance from head of field feet 
(meters)

1,204 
(367)

788 
(240)

939 
(286)

801 
(244)

Average % of check length 71 63 73 66

Distance upfield from irrigator-
determined cutoff

feet 
(meters)

238
(73)

259 
(79)

189 
(58)

113 
(34)

Water savings per acre per irrigation acre-feet/
acre

0.16 0.12 0.13 0.04

Water advance model
In development of the cutoff model, 
Saha et al. (2011) showed that in 
surface-irrigated alfalfa the wetting-front 
speed (v) in feet per minute becomes 
constant once the wetting front advances 
sufficiently downfield. That is, 

 v =      q      
   II =  q 

 – hAw(II + hA) vw  (2)

Assuming the inflow rate (q) in cubic feet 
per minute, check width (w) and average 
surface depth of water (h), both in feet, are 
known or measured values, equation 2 
can be solved for the magnitude of initial 
infiltration (II,) in feet since the wetting-
front speed is known from water advance 
data. This value of II is substituted into 
equation 3 to obtain the irrigation water 
cutoff time (t0) in minutes:

 t0 = wL(II+ hL) –  L3

q v  (3)

Where t0 is the time (minutes) that water 
is cut off following wetting-front arrival at 
sensor S3, L3 is the distance (feet) from the 
head of the check to S3 downfield, L is the 
total check length, and hL is the surface 
depth of water (feet) when the wetting 
front arrives at the tail end. Note the ir-
rigator selects a value of hL based on an 
acceptable amount of drainage.

Fig. 3. To use the cutoff model, three sensors, S1, S2 and S3, must be placed equidistantly (LX) within a 
span of 25% and 50% of the check length (L); the cutoff distance (LC) is almost always beyond half of 
the length. The locations of all sensors must be measured from the head end of the check. 

In field C, water was delivered to alfalfa checks 
from a gated pipe.
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primary benefit of the model-based cutoff 
system is that the irrigator now needs to 
return to the field only once, to turn off 
the inflow after receiving a cellular text 
message, thereby saving valuable time 
and labor costs. In conventional cutoff 
practice, the irrigator makes five or six 
or even more trips back to the field to 
visually monitor the water advancement 
downfield. 

Beyond these measurements, the most 
tedious and time-consuming variable 
to acquire for the model during each ir-
rigation event is the water inflow rate (q). 
Expensive flow meter equipment that is 
readily adaptable to field-specific inflow 
setups is typically required to obtain a re-
liable value. Our tests were performed in 
fields with different inflow setups: siphon 
tubes, alfalfa valves and gated pipes 
(table 1). Based on field data, it seemed 
conceivable that regulated inflow setups 
with uniform application rates could be 
developed and applied to the entire irriga-
tion season for a particular setup. 

Regardless of the inflow setup, in our 
tests the wetting-front speed remained 
constant for an irrigated check as the wet-
ting front advanced downfield (Arnold 
2013), indicating a constant inflow rate 
prior to cutoff (Saha 2010). Recall that all 
tests were performed in the same fields 
but not necessarily within the same 
checks. Therefore, to verify that separate 
irrigations illustrate similar behavior, 
inflow rates must be consistent between 

irrigated checks during a given irriga-
tion (i.e., across the entire irrigated set 
of checks). Table 4 shows the variation 
in measured inflow rates (Arnold 2013) 
within a single irrigated check during one 

irrigation event, between different checks 
during the same irrigation event (i.e., for 
an irrigated set of checks) and between 
different checks during different irriga-
tion events. 

When a sensor (white pole) detects water arrival, a 
wireless signal is sent to the central module (black 
box), which generates a text message alert to the 
irrigator.  
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With the introduction of new tools to measure soil moisture, agricultural 
research took a major step forward in the development of efficient crop 
irrigation techniques. In this 1960 article, researchers explain how tensiometers 
work and give specific, practical advice on where to place them in the field.

1960 “The moisture sensing unit — a porous cup — of tensiometers must 
be reached by the irrigation water if the moisture measuring instru-

ments are to be of practical value as guides to irrigation practices. 
“In most soils a good location for a tensiometer station is often next to the fur-

row, but it may be necessary to locate the porous cup under the furrow in orchard 
soils with little or no lateral movement of water during irrigation. In sprinkler-irri-
gated orchards the cup must be in soil that is re-wetted by the sprinkler at each ir-
rigation but is not shielded by a low hanging branch nor is flooded by runoff from a 
branch. Also the porous cup should be in areas of active feeder roots as determined 
by root density studies, or by digging at different sites until a general pattern of root 
densities is apparent. 

“Some traffic between the tree rows is necessary in most orchards, so the soil 
moisture measuring instrument must be in a protected spot reached by irrigation 
water and where feeder root density is average for the tree. In general, a good loca-
tion for a tensiometer is at the drip line on the tree side of the first furrow, south or 
west of the tree.”

Solzy LH, et al. 1960. Placement of tensiometers as guides to irrigation practices. Calif Agr 14(3):11–2.

Lewis H. Stolzy joined UC Riverside’s Department of Irrigation and Soil Science in 1954 as 
an irrigation engineer. He was instrumental in the invention of new soil oxygen and water 
sensors, including a portable neutron probe for use in the field. He also studied how soil 
contents and constituents affect plant development — and, therefore, how data from the 
new technology could help improve farming practices. 

Like Stolzy, Albert W. Marsh was an irrigation innovator. A Cooperative Extension irrigation 
and soils specialist at UC Riverside, Marsh is credited with introducing drip irrigation to 
California, which has allowed the state’s agriculture to conserve inestimable volumes of 
water and allowed farming to continue in many areas despite 
sometimes arid conditions. An environmental sciences 
scholarship at UC Riverside honors Marsh’s memory. 

Richard E. Puffer and Dwight C. Baier were well-
known and respected UC Cooperative Extension farm 
advisors serving Southern California growers. 

—W.J. Coats
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The variation between measurements 
during the same irrigation was generally 
low (coefficient of variation, CV, < 10%) for 
each inflow setup (table 4). In one instance 
with the siphon tubes, variation was large 
due to a loss of siphon charge midway 
through the test. Although the total in-
flow rate into the check was skewed as a 
result, separate measurements of the head 
ditch water height (Arnold 2013) indicated 
little variation (CV < 4%) from the time 
the ditch was filled, indicating the inflow 
rates should have remained constant. This 
suggests that the loss of charge may have 
been caused by improper tube setup by 
the irrigator. As seen in table 4, the pump-
based systems (alfalfa valves, gated pipe) 
produced better consistency in inflow 
values. 

Overall, the results indicated reason-
able stability in inflow values between 
checks irrigated at the same time, as well 
as in inflow values between irrigations 
(without the outlier). These data suggest 
that if inflow is properly maintained be-
tween irrigations (e.g., six siphon tubes 
used to feed every check from same head 
ditch), inflow rates will be relatively 
similar, and therefore an inflow measure-
ment taken during the first irrigation of a 
season can be used for subsequent irriga-
tions during the rest of that season with 
negligible error, thus reducing the effort 
needed to collect this data.

Application of sensors 

Although the use of wireless sensors 
with the water advance model provides 
a suitable method for reducing tail water 
runoff in irrigated fields, the widespread 
use of these sensors may be limited be-
cause of the number of setups (multiple 
sensors per check, 64 checks per field) and 
measurements the irrigator must make. 
Due to the spatial and temporal differ-
ences between irrigated checks, multiple 
sensors are required in all checks to ac-
curately apply the model; it is not feasible 
to apply the model to a “representative 
check” in an irrigated set. 

The extra setup of the sensors required 
in the field may be of concern, but the 
sensors can be left in the field (at location) 
between irrigations and quickly removed 
for any cultural or machining processes, 
as mentioned above. Alternatively, the 
sensors can be moved from check to check 
following the arrival of water at a sen-
sor or at the tail end of the field, making 

it easy for an irrigator to track multiple 
irrigated checks using the same set of 
sensors. 

For monitoring the accuracy of the cut-
off distance, irrigators may place a sensor 
toward the tail end of a check to receive a 
text alert to return to the field and record 
the results — whether irrigation is suffi-
cient at the end of the check, whether run-
off is reduced. Irrigators have the option, 
and are encouraged, to alter the cutoff 
sensor location in future irrigations, either 
upfield from the previous spot to further 
reduce runoff or downfield to ensure that 
water sufficiently covers the entire check 
(crop).

Potential uses

The level of savings in terms of ir-
rigation water, reduced labor costs and 
reduced environmental impacts due to 
excess runoff makes the sensors and 
model system a viable option for most 

surface-irrigated fields similar to those in 
this study (check flood, furrow, etc.). Our 
results in the test fields showed that large 
quantities of water became runoff during 
irrigation and were not beneficial to crop 
production, and this water could have 
been saved. More importantly, the sensors 
and model combination offers a practical 
method for irrigators to enhance their ir-
rigation practices while saving the time 
and labor needed to manually monitor an 
irrigated check. Beyond these immediate 
savings, the system also provides a path 
toward automating the surface irrigation 
process in the future, through the use 
of sensor alert messages that would be 
relayed to automatic inflow setups (e.g., 
electronic gates) or remotely controlled 
pump control panels.
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TABLE 4. Inflow variation (coefficient of 
variation) by type of inflow setup 

Inflow type

Coefficient of variation (CV) %

Within 
check

Between 
checks

Between 
irrigations

Siphon tubes 8.0 14.5 23.4

Siphon tubes 
without outlier 

4.3 7.8 11.9

Alfalfa valve 1.9 4.4 10.2

Gated pipe 3.8 5.8 8.6
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