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Evaluation of an automated furrow irrigation system using soil moisture. 
sensor 

A,C, MATHEW AND S. SENTHILVEL 
Dep!, of Soil and Water Conserv. Engg., Tamil Nadu Agrl. University, Coimbatore - 641 003, Tamil Nadu 

Abstract: An automatic furrow irrigation system based on soil moisture sensing was 
instaUed and tested to assess its field performance. An electronic tensiometer monitored 
the prevailing soil moisture status and switched on a solenoid valve commencing 
irrigation. Once irrigation started the instrument kept on monitoring the soil moisture 
level and when it reached zero tension, it switched off Irrigation. The automatic irrigation 
system was used to Irrigate maize (CO 1). Conventional furrow irrigation metbod 
was kept as a control. The system performed well and it could save nearly 20% 
of water compared to conventional furrow Irrigation. Grain yield of both the crops 
were only marginal different. Besides, water use efficiency of automatically irrigated 
crop (63.14 kglha/cm) was considerably 
kg/ha/em). 

Key words Automatic irrigation, Soil 
tensiometer. 

Introduction 
Automated furrow irrigation is not so 

.ommon in India even as similar types of 
inigation systems are quite popular in developed 
countries. This helps them not only to save 
iOs~y labour but also to exercise a control 
IIlrrigation management as required to maintain 
tt yield and quality of the produce. Automation 
111 irrigation offers some specific advantages. 

Accurate control of the amount and 
frequency of water application for effective 
crop management and water use. 

Saving labour, transport and other costs 
related to the opening and closing of 
irrigation line in · the field. 

Convenience and flexibility in planning 
the work programme so that there is 
no need to go to the field at night or 
any other inconvenient times. 

To obtain maximum crop yield out of 
it inputs like water, fertilizer. seed etc. invested 
II crop production, the single most important 
OOor is the field water management. Crops 
ibJuid be irrigated to the proper soil wetness 
with just enough water to replenish the soil 
JOOislure deficit created in the root zone. 'There 

higber than of conventional method (51.43 

moisture tension, Response time, Electronic 

fore a well controlled irrigation system is the 
one which optimizes the spatial and temporal 
distribution of water, besides maximising the 
benefit cost ratio. 

The system is based on the continuous 
sensing of the soil water potential, using a 
suitable sensor located at the active root zone 
of the crop, and comparing the same to a 
given threshold value. When the condition for 
start or stop of the irrigation was met a control 
unit automatically sent commands to start (OT 

stop) the water application. 

The crop consumptive use rate depends 
on the soil moistue tension prevailing rather 
than the actual soil moisture content. Hence 
it is preferable to schedule irrigation as and 
when a cri tical soil moisture tension level is 
reached which can be perceived by a suitable 
sensor. In the present study the soil moisture 
sensor used is based on the relation between 
soil moisture tension and soil moisture content. 

The introduction of automatic irrigation 
system would overcome many of the difficulties 
encountered in collecting and analyzing fi eld 
data for estimating soil moistw-e status. During 
the last two decades various trials were made 
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Table 2. Effect of mode of irrigation on water applied 

el 

0 
> 

0'< 
QJ

:. 
iii 
'0 
E 

'0 
en 

Mode of Operating Water applied. Effective Water 
irrigation time, minutes em rainfall, cm saving 

Conventional 620 77 .5 10.5 14.5 cm 
Automatic . 504 63.0 10.5 (18.7 1%) 

Table 3. Effect of mode of irrigation on water use efficiency 

Mode of Grain yield, Depth of Effective Water use effi­
irrigation kg ha­ 1 irrigation, cm rainfall, cm cieney. kg/ha/cm 

Conventional 
Automatic 

3986 
3978 

77.5 
63 

10.5 
10.5 

45.3 
54.12 

200 V Ale 

Sub main 

Solvenoid 
valve 

Eleeronie 
tensiometer 

t------- 60 em c/e furrows 

Fig.1. Field layout of automatic furrow irrigation system 
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using automatic irrigation scheduling based on 

soil water sensing. A digital irrigation controller 


. was used satisfactorily to maintain the soil 

water within the desired leve] for a solid set 

system usign gypsum blocks (Shull and Dylla, 

1980). In a study of the feasibility of using 

tensiometers for scheduling turf irrigation, a 

substantial water saving was obtained in sensor 

controlled plots (Augustine and Snyder, 1984). 


Automatic scheduling based on coniIIDUOU. by Central PE 
monitoring of the matric potential by tens:lOlDfllW Kasaragod hal 
equipped with pressure transducers has and thereby a 
successfully used (Feyen and Giley, 1985; 
1987; Manil et a1. 1987; Maclendon el 

1983; Pougue, 1987; Grismer, 1992). 
technique employing an infrared (IR) lnfiltration r; 
system was used to read tensiometers and BUlk dens ity 
variables by IR field stations (Thompson capillap 

Capillary po~ 
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Water 
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Fig.2. Soil moisture characteristics 
(Field using tensiometer) 
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Threadgill, 1987; Drum, 1988), Results from 
on a center pivot system for corn 

1I!ing radio communication in Colorado showed 
improvement in center pivot management 

IKI saving water, labour and energy (Haise 
Hagan, 1967; Heerman et a\. 1985). Using 
a system, it is estimated that many man 
oflabour are saved (in reading soil sensing 

vices and operating the irrigation system) 
thile allowing a more precise measurement 

management of the irrigation system (Heerrnan 
a a!. 1987). 

Materials and Methods 
A fully automatic irrigation scheduling 

'Inperiment based on soil moisture tension was 
out at Field No.69 of Tamil Nadu 

Agricultural University, Coimbatore by providing 
mow irrigation to Maize (CO 1) automatically. 

____....J.. !oilcharacteristics of the selected field is given 

III 

,y tensiometed 
~ers has 
1985; "",-~ 
:lendon 
'992). 
{IR) telemeu 
~ters and 
fhompson 

mTable l. An electronic tensiometer developed 
Central Plantation Crops Research Institute, 

has been used as soil moisture sensor 
thereby automatically scheduling irrigation. 

1.25 cm/hr 
1.34 kg/m3 
15.72% 
21.87% 

o 
> 
~ o 

Fig.3. Soi l moisture characteristics 
(lab using pressure plate apparatus) 
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Field capacity 
Wilting point 
Hydraulic conductivity 

28.02% 
11.56% 
2.94 cm/hr 

Wo rking Of electronic tensiometer 
The instrument worked on 220 volt A/ 

C power supply. Following two tensions could 
be set in the tensiometer prior to its use. 
1. Upper tension limit - at which irrigation 

starts, and 
2. Lower tension limit - at which irrigation , 

stops 

The upper limit of tension should be 
less than 0.8 atm. Even though the lower limit 
of tension could be any where between 0 and 
0.8, usually it woul dbe kept at slightly above 
zero or at field capacity. After pre setting 
the upper and lower tensions the electronic 
tensiometer is kept at a proper depth within 
the active root zone of the crop. As the soil 
get dried tension develops in the tensiometer 
and when it reaches the S'et upper limit an 
LED in the control panel illuminates indicating 
the Lime to start irrigation. Simultaneously the 
instrument switches on an online electro magnetiC 
valve/electric pump to switch on irrigation. 
Once irrigation starts the soil moisture tension 
in the soil decreases and when it reaches the 
set lower limit the instrument switches off the 
valve/pump thereby Slopping irrigation. 
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Fig.4. Soil moisture fluctuation under conventional irrigation 
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Fig.5. Soil moisture fluctuation under automatic irrigation 
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Experimental set up 
The field selected was composed of sandy 

clay loam soil precision leveled to a longitudinal 
slope of 0.003Smlm. Field length was 80m 
with furrows spaced at 60cm centres. The field 
set up (Fig. 1) of the device comprised of a 
50nun dia and 15m long PVC pipe with 25nun 
dia orifices spaced 60cm apart to suit the furrow 
spacing of 60cm for row crops. The pipe was 
kept at the head end of the field in such 
a way that the orifices were at the center 

of each furrow. An online electro 
val ve was provided at the head end of 
PVC pipe. The valve in tum was COIlll~ 
to a main pipeline to which a continuous 
supply was provided. The valve was (',()nn~ 

to the electronic tensiometer which in 
was provided with electric supply. The 
tensiometer was placed at a distance of 
away from the head end at a depth of 
cm from the ridge. This poSition would 
most suiable for a discharge rate of I 

per 
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per second and for the given slope and soH 
type. Conventional method of furrow irrigation, 
manual irrigation, was kept as control. TIle 
experiment was conducted with randomized block 
design with three replications and four furrows 
per replication. Upper limit of tension was 
kept at 0.6 atm and lower limit at zero tension. 
Irrigation was provided to the control furrows 
litherate of Scm per week. Both are approximately 
50% of the available water holding capacity. 

Results and Discussion 
Both the conventional and automatic 

irrigation plots were irrigated @ 7.5 em of 
water immediately af ter sowing to bring the 
soil within the root zone to field capacity. 
After this first irrigation the conventional plot 
was irrigated @ Scm once in seven days, manually, 
Ihrough out the life period of the crop. Whereas 
autornalic plot irrigation was done by the electronic 
lensiometer by sensing the prevailing soil moisture 
and according to the set tensions. The electronic 
tensiometer was calibrated in the field prior 
to the experiment. Calibration curve of the 
same is given in Fig.2. Soil moisture characteristics 
also was determined simultaneously using pressure 
plate apparatus (Fig.3). A constant discharge 
rate of 1 lit/sec was used to irrigate the plots. 

Effect of mode of irrigation on irrigation 
scheduling is given in Fig.4 and Fig. 5 and 
water applied is given in Table 2. It may 
be noted from Fig.4 tha t a total number of 
15 irrigations were provided to the crop in 
conventional method. For automatic irrigation 
(Fig.5) this came down to 12. In the conventional 
irrigation the irrigation fluctuated between 38 
minutes to 46 minutes except for the first 
irrigation where it was 60 minutes as in the 
case of conventional irrigation. 

Conventional irrigation was operated for 
I total duration of 620 minutes. This resulted 
in applying an amount of 37.2 m3 of water 
~ furrow that is equivalent to a depth of 
17.5cm. However the automatic irrigation system 
provided irrigation for 504 minutes thereby 
applying 30.24 m3 (63 cm) of water. An effective 
rainfall of 10 cm also was received during 
Ibis period for bo th tile treatments. 

It may be observed from Fig.4 that in 
conventional irrigation, many ti mes irrigation 
was given before the soil moisture deficit reached 
the stipulated 50% of the available water holding 
capacity. Whereas in automatic irrigation (Fig.5) 
it was much closer. This was the main reason 
for the waler saving in automatic irrigation. 
More over few rains occurred during the experiment 
also reduced irrigation in the case of automatic 
irrigation. In the case of conventional method 
this was not accounted since irrigation was 
provided @Scm per week irrespective of the 
prevailing soil moisture deficit. 

Waler use efficiency 
Effect of mode of irrigaton on the yield 

of the crop (Maize-COl ) and its water use 
efficiency is given in Table 3. Grain yield 
under conventional irrigation (3986 kg/ha) was 
marginally lesser than that of automatic irrigation 
(3978 kg/ha). However there was no significant 
difference between the two yield levels. Even 
though the grain yieid in the case of automatically 
irrigated field was less than that of conventional 
irrigation the water use efficiency of the 
automatically irrigated crop was considerably 
higher than the conventional system of irrigation. 
This was mainly because of the significant 
saving of irrigation water when the field was 
irrigated automatically. 

Conclusion 
The electronic tensiometer adopted to 

automatically schedule furrow irrigation based 
on soil moisture worked satisfactorily. The 
installation and maintenance did not present 
any major problem. The system has a great 
potential for water and labour saving. The system 
optimized irrigation water use with 18.71% 
water saving in maize production. 
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