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Abstract – A sensor was designed and developed to 
measure the plant leaf temperature and ambient 
temperature in the kinnow orchard. The developed sensor 
circuit was then interfaced with the drip irrigatio n head 
works for irrigation automation. The microcontrolle r was 
programmed on based on leaf-air temperature differential 
values measured by the developed temperature sensors. 
The developed system was tested in the field for Kinnow 
(Citrus reticulata Blanco) crop for its performance. The 
system maintained the soil moisture content nearer to the 
field capacity as per the leaf-air temperature differential 
conditions and used 8 % less water per month per plant 
compared to the using drip irrigation system. The 
developed automated system was of low cost which can be 
afforded by the small and marginal farmers and also easy 
to install. 

 
Keywords – LM35 IC, Sensor Circuit  Microcontroller,  

Automated Irrigation System.  
 

I. INTRODUCTION  
 

Agriculture is the major consumer of fresh water in 
the world. The widely practiced, conventional irrigation 
techniques are less efficient and huge amount of water 
is not utilized by the plants. Irrigation is one of the vital 
inputs in fruit production, particularly in arid and semi-
arid regions. Inadequate and deficit water resources in 
major fruit producing countries, the question of 
frequency of irrigation and amount of water applied to 
fruit crops is a common concern and not adequately 
addressed. Insufficient water supply (excess and deficit) 
may result in reduced plant growth, yield and fruit 
quality due to water stress. Excessive water application 
may increase nutrient leaching, water-logging problems, 
incidence of pests and diseases, and the excess energy 
use with frequent maintenance of the irrigation system. 
Optimizing water applications by following irrigation 
scheduling to fruit plants may increase water and energy 
saving with increase in the yield. Irrigation scheduling 
is especially important in horticultural crops because net 
returns are higher than the non-horticultural crops. But 
application of irrigation water on real time basis is a big 
challenge in orchards and fruit plants. 

Irrigation scheduling and management of fruit crops 
is not well established worldwide and efforts are not 
being made by the researchers. Irrigation is a common 
practice in fruit orchards since it was proven to increase 
growth and promote early production of high-density 

kinnow orchards. Irrigation based on climatic data, is 
the method commonly used to schedule irrigation based 
on the estimation of evapotranspiration. Although 
climate and soil based methods for estimating irrigation 
timing, do not take into account of soil moisture deficit. 
Determination of soil water content in the root zone of 
fruit plant is very difficult because of deeper root 
system with growth of plant and perennial nature of 
plants. Both soil and plant factors may be considered for 
irrigation scheduling including soil properties and 
available soil moisture content and crop factors [1]. 
Irrigation scheduling can be planned from a 
combination of available weather data, crop 
evapotranspiration rate and the irrigation system layout. 
Physiological processes in fruit trees are governed and 
sensitive to changes in soil water content in the root 
zone. Estimation of physiological processes is very 
tedious and time consuming but determination leaf 
temperature is simple and indicates plant water status. 
Therefore, plant physiological variables like growth and 
fruit production should be correlated with soil water 
content and plant leaf temperature prior to determining 
the appropriate time of water application to a kinnow 
plant. Little is known about the response of change in 
soil water content to change in leaf temperature of 
kinnow crop under field conditions.  

Automatic irrigation systems are either based on soil 
moisture or on plant water status. The plant water status 
not only depends upon the soil moisture content , but 
also the surrounding atmospheric demand, plant rooting 
density along with other plant characteristics [2]. Plant 
canopy temperature is an indicator of plant water stress 
and an irrigation scheduling can be based on plant as an 
indicator of water stress [3]-[4]. The canopy air 
temperature differential is a good indicator of plant 
water status [5]. It was found that the temperature of 
shaded leaf correlates better to plant water status [6]. 
Contact type sensors such as thermocouple sensor  or 
thermistor [7]-[8]. Non contact type sensors such as 
infrared thermometer  can be used to measure the plant 
canopy temperature[9]-[10]. The disadvantage of the 
thermocouple sensor is that its output value is very 
small and needed to be amplified to be used as a 
temperature sensor. The output of the thermistor is non 
linear and also needed to be calibrated for getting the 
output in degree centigrade. The infrared sensors 
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available for plant canopy temperature measurement are 
costlier and cannot be afforded by most of the farmers.  

Irrigation can be controlled based on threshold 
canopy temperature [11]. Canopy temperature technique 
based on Temperature-Time Threshold (TTT) can be 
used to schedule irrigation [12]  . Microcontroller based 
system can efficiently be used to monitor crop 
temperature and water status  [13].  Narrow (100) field 
view wireless infrared sensor modules to measure plant 
canopy  temperature were also practiced in field [14] .  

A sensor based irrigation water application system is 
relatively a new concept in India. Several types of 
sensors and controllers are commercially available with 
many different features and over a wide range of cost. 
Most of automation research including sensors has been 
done in developed countries. These systems are 
commercial, very expensive and their complete design 
details are not available to the end users. Moreover 
these systems are also not suitable for marginal and 
small sized farm applications. There exists a need to 
conduct research to develop low cost automated micro 
irrigation system suitable of small and marginal farmers 
for achieving the high irrigation efficiency with increase 
in the yield of fruit plants. A low cost, precise, and  easy 
to use automated irrigation system able to  irrigate the 
crop automatically  as per the crop need for a required 
duration. The present research work therefore, was 
aimed (1) to design and develop a plant sensor circuit 
for irrigation scheduling  and (2)   to integrate 
developed sensor with controller and irrigation head 
works for real time application of irrigation water and 
(3) to evaluate the performance of the  developed 
automated system in kinnow orchards. This paper 
discusses the relationship between soil water content 
and plant leaf temperature in irrigated kinnow orchards 
using climate-based (ET) and leaf temperature based 
irrigation scheduling methods. 

 

II.   MATERIALS AND METHODS 
 

A. Location and Soil of Experimental Field Plot 
The experiment was conducted at the Precision 

Farming Development Centre, Water Technology 

Centre, Indian Agricultural Research Institute, New 
Delhi, India, which is located within 28°37'22" N and 
28°39'00" N latitude and 77°8'45" E and 77°10'24" E 
longitude . The soil of the experimental area was deep, 
well-drained sandy loam soil comprising with 63.66 % 
sand, 21.16 % silt and 15.16 % clay. The bulk density of 
soil was 1.58 g cm-3, field capacity and saturated 
hydraulic conductivity were 30.02 % and 1.19 cm h-1, 
respectively. The pH and EC of soil was 9.17 and 0.138 
dS m-1, respectively. 
B. Weather Data 

Weather parameters were collected from IARI 
campus, New Delhi  weather station through out the 
experimental period. Average values of weather 
parameters during the experimental period (October 
2012 to May 2014) are shown in table1. 
C. Water Requirement of Crop 

Water requirement of the crops defines the quantity of 
water needed to meet the water losses through evapo-
transpiration of a disease-free crop under non restricting 
soil conditions, including soil, water and fertility and 
achieving the full potential under a given soil 
environment in a given time. The necessary weather 
data were collected from the meteorological observatory 
of the experimental weather station. Water requirement 
of the Kinnow crop was calculated on the basis of 
Reference crop evapo-transpiration (ET0) on daily basis 
and irrigation was scheduled on the basis of leaf-air 
temperature difference. The crop-evapotranspiration 
(ETc) was estimated by multiplying reference evapo-
transpiration (ET0) with crop coefficient (Kc) for 
different months i.e.  ETc = ET0 x KC.  
The water requirement of the Kinnow crop was then 
calculated as follows : 

 �� �
���∗�	∗
�

�   
          

Where, WR = Water Requirement of crop, m3 

/day/plant; ETc = Crop evapo-transpiration, m/day; AC  = 
Plant canopy area, m2 ;  E = Efficiency of the irrigation 
system in fraction (0.90 for drip) ; Kp  = Pan coefficient 
in fraction (0.7) 
 

 
Table 1. Month wise daily average values of weather parameters during the experimental period 

Year 2012 
Month Monthly 

average of  daily  
maximum  
Temperature 
(0C) 

Monthly 
average of  
daily  
minimum  
Temperature 
(0C) 

Monthly 
average 
of  RH 
(%) 

Monthly 
average  of 
rainfall 
(mm/day) 

Monthly 
average Pan 
Evaporation 
(mm/day) 

Monthly 
average 
Sunshine 
hours 

Monthly 
average  
wind 
Speed 
Km/h 

October 32.6 16.1 65 00.4 04.2 07.3 03.0 
November 27.3 09.9 62 00.0 02.4 03.4 02.1 
December 21.7 07.5 67 00.3 02.4 04.2 04.7 
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Year 2013 
Month Monthly 

average of  daily  
maximum  
Temperature 
(0C) 

Monthly 
average of  
daily  
minimum  
Temperature 
(0C) 

Monthly 
average 
of  RH 
(%) 

Monthly 
average  of 
rainfall 
(mm/day) 

Monthly 
average Pan 
Evaporation 
(mm/day) 

Monthly 
average 
Sunshine 
Hrs 

Monthly 
average  
wind 
Speed 
Km/h 

January 17.9 4.7 78.8 01.3 02.8 03.7 04.4 
February 22.1 09.6 71.9 3.3 2.6 6 4.4 
March 29.9 13.7 81.3 0.4 4.6 8.1 5.8 
April 36.1 19.3 46.2 0.38 6.9 8.4 6 
May 42.0 23.9 39 00.0 11.2 08.7 06.4 
June 37.7 26.7 68 05.0 07.8 05.6 08.3 
July 34.8 25.7 81 14.8 05.1 03.7 05.0 
August 32.8 25.1 88 16.8 04.3 03.3 04.2 
September 34.5 24.0 75 03.4 05.9 06.8 05.2 
October 31.5 19.2 75 04 04.0 03.9 05.4 
November 26.9 09.9 70 00.0 03.1 04.9 03.4 
December 22.4 07.1 75 00.1 02.1 04.1 03.5 

Year 2014 
Month Monthly 

average of  daily  
maximum  
Temperature 
(0C) 

Monthly 
average of  
daily  
minimum  
Temperature 
(0C) 

Monthly 
average 
of  RH 
(%) 

Monthly 
average  of 
rainfall 
(mm/day) 

Monthly 
average Pan 
Evaporation 
(mm/day) 

Monthly 
average 
Sunshine 
Hrs 

Monthly 
average  
wind 
Speed 
Km/h 

January 18.6 06.8 82 00.6 01.9 02.3 03.9 
February 21.0 07.5 80 02.0 02.6 04.4 04.2 
March 26.9 12.7 69 2 3.7 6.4 4.9 
April 34.8 18.0 57 00.5 06.8 08.4 06.1 
May 38.7 22.6 58 02.9 08.2 08.1 06.7 
 
D. Selection of Temperature Sensor for Leaf 
Temperature Sensing  

Plant leaf temperature can be measured using non 
contact or contact type sensor. Different contact type 
sensors were studied and compared in the laboratory 
and finally LM35 IC was selected for leaf and air 
temperature sensing element because of its high 
precision, low cost and less self heating characteristics. 
The LM35 IC does not require any external calibration 
or trimming to provide typical accuracies of  ± 0.25 °C 
at room temperature and ± 0.75 °C over a temperature 
range of −55 to +150 °C and has low self-heating about 
0.08 °C.  
E. Field Experimentation 

The developed leaf temperature sensing system was 
installed on Kinnow (Citrus reticulata Blanco) plant of 
5 years old transplanted in the February, 2009 in the 
spacing of 5m x 5m.  A field plot of 0.80 ha was used 
for conducting the field experiment. Surface drip 
irrigation systems having four non pressure 
compensating drippers discharge of 8 lph were used for 
irrigating each plant. Average plant canopy diameter of 

experimental crop was 3.2 meter. The experiment was 
laid out following the split plot design with 4 treatments 
(2 levels of irrigation i.e. full irrigation meeting 100% 
of crop water requirement and no irrigation i.e. plants 
under rainfed condition and placement of sensors in two 
positions in the sunlit side and shaded leaf side) and 3 
replications (R1, R2 and R3) of each treatment were 
undertaken to study the performance of developed 
sensor system. The study consisted of levels of 
irrigation as main treatments and placement of sensors 
in two positions (sunlit and shaded side) as the sub 
treatments.  

Three plants were given the full irrigation treatment 
(100% of crop water requirement) where as another 
three plants were un-irrigated under rainfed condition. 
The experiment was conducted during the month of 
October, 2012 to May, 2014.  Four LM- 35 sensors 
were placed in each plant; two of them were placed in 
the sunlit leaves and the other two in the shaded leaves. 
Amongst the four sensors, two were placed in contact 
with the leaf at the bottom side of the leaf by clip 
arrangement, one each in the sunlit leaf and in the 
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shaded leaf, respectively. Another two sensors were 
placed both sides of the plant to measure the ambient air 
temperature. Each sensor was connected with 9V DC 
power supply. The output of the LM-35 sensors was 
measured using a digital Multi-meter (ORPAT, INDIA) 
and solar intensity using a digital Lux meter (TES 
1332A, TAIWAN) and air humidity using a digital 
thermo hygrometer (HTC Instruments) in the 
experimental field. The readings were taken at 12 noon 
and 2 pm, respectively.  
F.  Soil Water Content Measurement  

Soil water content was determined using Frequency 
Domain Reflectometer (FDR).  Before installation, all 
the sensors were normalized by taking readings in air 
and by submerging in water. Two access tubes made of  
PVC were installed up to a depth of 1 m for each plant. 
Two access tubes per plant at a distance of 0.8 m and 
1.60 m from the plant stem were installed up to 1 m soil 
depth to measure the soil moisture using FDR. A 
separate data logger attached to the FDR was used to 
download and store the data. Data were then transferred 
to a computer for interpretation using software 
developed  by EnviroScan. Measurements of soil water 
were done before irrigation, after 4 and 24 hours of 
irrigation in all treatments. 
G. Leaf temperature measurement using IR sensor  

Plant canopies emit long-wave infrared radiation; it is 
function of canopy temperature. The IRT senses this 
radiation and convert it to an electrical signal, which is 
displayed as temperature. In the field, an IR sensor 
(Everest Interscience INC, Model No: 6110-4ZL) was 
used to measure the air-leaf temperature differential in 
all the treatments. An infrared sensor was used to 
measure the leaf-air temperature reading to compare the 
corresponding readings measured by the developed 
sensor. A better correlation for the leaf-air temperature 
differential with soil moisture content for the shaded 
side of the plant was found out and a final 
microcontroller based sensor circuit based on certain set 
of leaf-air temperature differential and duration of 
irrigation was designed and developed.  
H. Testing of the developed automated system 

The designed and developed system integrated with 
drip irrigation head work was installed in the field. This 
system was operated by electrical powered pump. 
Twenty four (24) plants were provided 100 % crop 
water requirement and remaining 24 plants were un-
irrigated.  Twelve (12) plants were irrigated using 
conventional drip system and remaining 12 plants were 
irrigated by using the developed automated system 
based on leaf-air temperature differential value to meet 
the 100 % crop water requirement.  

 
 
 

III.  RESULTS AND DISCUSSION 
 
A.  Development of Microcontroller Circuit 

A circuit consisting of resistors, capacitors and the 
battery cap arrangement to power the circuit was 
designed and developed in the laboratory. The 
developed sensor circuit was wired to read the sensor 
output using a digital Multimeter. The designed circuit 
was powered by a 9V DC power supply. Computer 
program was developed for microcontroller circuit. The 
designed circuit consists an IC 7805 Voltage Regulator, 
two LM 35 ICs, NE555 integrated circuit,  IC 24c64 
memory chip, crystal oscillators, AT89S52 
microcontroller, DS1307 RTC, an 16x2 LCD, 
transistors BC558 and BC 548, micro switches, two 
LEDs, Resistors including VR  and Capacitors. 

The IC 7805 Voltage Regulator was used to provide 
5V supply to the microcontroller based circuit. The 
Integrated circuit NE555 was used to provide clock 
pulses to the ADC 0808 to keep the ADC in running 
condition. The ADC0808 was used in the circuit to 
convert the analog output of the LM35 sensors to the 
digital values which will be used by the microcontroller 
unit for irrigation automation. The AT89S52 
microcontroller unit was used in the circuit to run the 
irrigation pump as per the programmed conditions for 
the required time duration. The Crystal oscillators were 
used in the circuit to provide the clock pulses to the 
microcontroller unit and the Real Time Clock (RTC) 
units, respectively. The DS1307 serial real-time clock 
(RTC) was used to get a continuous time and date 
records observed at the LCD unit attached to the RTC 
unit. The IC 24C64 memory chip was used to store the 
temperature readings measured by the sensor units 
which will then to be verified/ checked by the 
microcontroller unit for further action. The LCD unit 
was used to display the leaf and air temperature 
measured by the LM35 IC sensors and also to display 
the date and time. In the present circuit five micro 
switches were used to facilitate the erasing operation of 
the memory chip and also to set the time and date 
display. Two LED one before the circuit voltage 
regulator to indicate that the circuit is powered and 
another before the relay unit to indicate whether the 
relay is ON or not were put in the circuit. In the present 
circuit, four 10 K variable resistors, one for the ADC, 
one each for the LM35 IC and one for the LCD display 
unit were used. The resistors provided with the LM35 
IC were intended to regulate the output of the sensors. 
All the components as per the circuit diagram (Fig. 1) 
were placed on the printed circuit board and the 
hardware capable of measuring leaf-air temperature was 
developed and evaluated in the laboratory. 



 

 

 

Copyright © 201

International Journal of Electronics Comm

 

Fig. 1. Designed microcontroller based leaf
temperature measurement circuit

 
B. Irrigation Automation Based on 
Temperature Differential  

The microcontroller based circuit was interfaced with 
the irrigation headwork in the field for irrigation 
automation as shown in Fig. 2. The automated system 
consists with  microcontroller unit, transistor assembly, 
relay unit, solenoid valve, and the pump with pump 
contactor.  

The temperature sensed by the two LM35 ICs 
used as the air-leaf temperature sensors converted into 
the digital values by the ADC converter enters to the 
micro controller unit. The conditions fed in the 
microcontroller unit were such that when the leaf
temperature differential values ranges from 
0C i.e., the leaf temperature 0.3
surrounding air temperature to 0.2 
surrounding air temperature or if the leaf
temperature differential values ranges from 
0C i.e.,  the leaf temperature ranges from 0.4
below the surrounding air temperature for a continuous 
time period of 4 hours, the microcontroller unit sends 
the output signal to the relay units to run the irrigation 
pump. The microcontroller unit checks the condition
and run the pump accordingly. In normal situation
output pin of the microcontroller (pin no 10) remains in 
HIGH condition which indicates no output (0) from the 
output pin. When a desired leaf
differential condition reaches, the pin (pin no 10) 
becomes LOW and an output (1) is achieved which then 
activates the transistors assembly 558 and 548 and 
consequently the relay unit gets activated for the time 
period as decided by the micro controller unit. The 
output of the relay units give signal to the solenoid coil 
of the solenoid valve and to the pump starter unit 
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through wire which enables a totally automated drip 
irrigation system. Two step down transformers with 
rectifier circuits,  one to power the sensor 
12V DC, 1 Amp current and another to power the 
solenoid valve with 24V AC, 1 Amp current were used. 
An MCB DP as main power supply switch was used to 
energize both of the transformers and a bypass MCB of 
pump starter was used to facilitate the
of pump in unhealthy conditions.

 

 
Fig. 2.  Layout of the leaf temperature based automated 

irrigation system
 
C.  Leaf-air Temperature M
LM35 Sensor System and I

Fig. 3 and Fig. 4 shows
reading measured by the LM35 sensor and the IR sensor 
for the shaded side of the irrigated plant and the non 
irrigated plant, respectively. 
in both the sensors. The air temperature measured by 
both the sensors is almost same,
measured by both the sensors does not vary 
significantly. The difference in leaf temperature 
measured by the two sensors may be due to the 
difference in the way of measurement. The LM35 
sensor was in contact with the leaf but, the
sensor was kept away from the leaf and
the measurement of the IR sensor, which leads to a 
difference in readings of both the sensors. However, the 
difference in temperature measured by both the sensors 
was not significant.   
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Fig. 3.  Leaf and air temperature measured in shaded 
side of irrigated plant

 

 
Fig. 4. Leaf and air temperature measured in 

side of non irrigated plant
 

C. Soil Moisture Content Variation for 
using Developed Automated System

The developed LM35 sensor based automated system 
integrated with drip irrigation head works was tested in 
the 5 years old matured Kinnow plants. Fig.
soil moisture in the root zone of plants
using the developed automation working on
temperature differential. The system was able to irrigate 
the crop as per the leaf-air temperature differential 
conditions. The system irrigated the crop on every 
fourth day i.e., after every three days interval from the 
previous irrigation.  For the 10 days 
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Fig. 5.  Soil moisture in the root zone of plants irrigated 
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Fig. 6.  Leaf-air temperature differential measured by 
developed sensor circuit and infra red sensor

Table 2.  Average crop canopy diameter, Leaf Area Index and water applied under the conventional drip 
system and the developed automated system

E.  Cost of the Developed Automated 
The fully automated irrigation system contains the 

fundamental components and its price is about
(179.2 US $). In the system, the entire components were
selected of low cost materials, so that it can be use
all commercial applications.  This system is affordable, 
can be used by growers in their own irrigations
application. 
 

IV.  CONCLUSIONS
 

A first attempt to use LM35 IC  which does not need 
any external calibration for temperature measurement as 
a leaf temperature sensor was made and a circuit 
capable of measuring leaf-air temperature differential 
was designed and developed. The system performed 
satisfactorily. The design is resource efficient and 
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air temperature differential measured by 
developed sensor circuit and infra red sensor 

 

D.    Effect of Sensor Based 
on Crop Yield 

The reference evapo-transpiration and the average 
crop coefficient during the experimental period were 
taken as 8.87 mm/day and 0.65, respectively. Table 1 
shows the values of average crop canopy 
Area Index and the amount of 
conventional drip irrigation system and under the 
developed automated system. The average crop canopy 
diameter and leaf area index values for the plants 
irrigated under the developed autom
found to be nearly equal to that of plants irrigated under 
conventional irrigation condition. The amount of water 
applied for the plants irrigated using conventional 
system i.e. irrigation based on 100 % of crop water 
requirement was found to be more than that of the water 
applied by the developed system using leaf temperature 
sensor. It was observed that without affecting the plant 
growth, amount of irrigation water can be saved in 
sensor based automatic drip system.
 
 

 
crop canopy diameter, Leaf Area Index and water applied under the conventional drip 

system and the developed automated system 

utomated System 
The fully automated irrigation system contains the 

fundamental components and its price is about  10750 
the entire components were 

o that it can be used for 
.  This system is affordable, 

can be used by growers in their own irrigations 

ONCLUSIONS 

35 IC  which does not need 
any external calibration for temperature measurement as 
a leaf temperature sensor was made and a circuit 

air temperature differential 
was designed and developed. The system performed 

design is resource efficient and 

consumes low power. The developed system was able to 
maintain the soil moisture content nearer to the field 
capacity and was operating automatically for the desired 
time period as per the leaf-air temperature differential 
conditions. The developed system also uses less amount 
of water as compared to the irrigation based upon crop 
water requirement. 
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