


DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE

ORISSA UNIVERSITY OF AGRICULTURE AND TECHNOLOGY
BHUBANESWAR

2012
(Ebook prepared by: Dr. T. Barik, Professor, Agronomy on 27 Feb. 2013 for uploading)

(bariktrilochan@yahoo.com)

Written and Compiled by

Dilip Kumar Bastia
Associate Professor (Agronomy)

Suchismita Tripathy
Assistant Professor (Agronomy)

Anita Mohapatra
Assistant Professor (Agronomy)

Ch. Sanmarg Kar

 Editted by:
 JML Gulati,

 Professor & Head (Agronomy)

Department of Agronomy



81

From HODs Desk

Agriculture by and large, depends heavily on weather and climatic conditions. The degree
of success is, thus, largely determined by how well weather conditions corresponding to the
optimal need of the crop are best used in raising the crops. Thus, it becomes imperative to
know about daily, seasonal and annual variations in weather phenomena to establish crop-
weather relationship for optimized use. The understanding of all this requires a well documented
practical manual that describes the fundamental of various agromet instruments and subsequently
recording of  weather data. The efforts of Dr. D. K.  Bastia, Associate Professor, Dr. (Mrs) S.
Tripathy , Mrs. A. Mohapatra and Mr. S. Kar is commendable as this practical manual on
agromet deals with various aspects of agrometeorology. I wish to congratulate them for their
efforts and hope it will be helpful to the students. I wish their efforts will also motivate other
faculty members to take such ventures
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EXERCISE-1
AGROMETEOROLOGICAL OBSERVATORY

Aim

Study about agrometeorological observatory

Objective

To study regarding the meteorological and Agrometeorological observatory.

Introduction

Weather occupies a prominent position amongst the production factors for successful
agricultural crop production. It exerts direct influence from seed germination to crop maturity. The
indirect ef fects of  weather on crop plants are also observed in terms of  nutrient uptake,
evapotranspiration, disease and insect pest infestation etc. These suggest that there exists a
relationship between crop and weather and,  crop and climate. Hence, to study and find out the
interaction, it is elemental to collect and collate biological parameters of crops and meteorological
aspects of weather. Intrinsic and uninterrupted observation of meteorological elements, therefore, is
of paramount importance for successful agricultural planning and crop production.

Meteorological observatory

Meteorological observatory is the place where all the weather instruments and structures
are installed and exposed for measuring weather phenomena. There are six classes or types of
observatories depending upon the type of instruments installed and frequency of observations
recorded. They are class-A,B,C,D,E and F. Class A,B and C observatories are provided with both
eye reading and self-recording instruments. But observations are taken at an interval of three hours
from Class-A observatories, thrice daily from Class-B and once daily from Class-C observatories.
Meteorological observatories are installed near aerodromes,  middle of  the cities and in remote
areas to record weather events.

Agrometeorological observatory

Agrometeorological observatory is a place where several instruments are installed and
exposed to observe meteorological as well as biological parameters of crops. The observations are
recorded at stipulated time. Agromet observatories are classified into three categories viz; principal,
ordinary and auxiliary types, depending upon the instruments (essential and optional) available in
the observatory. The observations from agrometeorologiacal observatories are recorded at stipulated
time. These observatories are specifically located at the centre of the agricultural research farms of
agricultural colleges and universities.
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Types of agrometeorological observatory:

I. Principal agrometeorological observatory

These are sophisticated agrometeorological observatories equipped to observe biological
as well as meteorological parameters. The central agromet observatory situated at Pune is one of
such observatories. Principal agromet observatories undertake routine works, planned programmes
and international collaborative projects.

Requirements:

a. Essential instruments

1. Maximum and minimum thermometers.
2. Wet and dry bulb thermometers.
3. Soil thermometers.

4. Grass minimum thermometer.
5. Rain gauge (ordinary and self recording).

6. Wind vane and anemometer.
7. U.S.W.B. open pan evaporimeter.

8. Sunshine recorder.
9. Assmann psychrometer.

10. Dew gauge.
11. Thermo hygrograph.

12. Soil moisture equipments.
13. Solar radiation instruments.

b. Optional instruments
1. Lysimeter

2. Thermopile sensing elements for short and long wave net radiation.
3. Potentiometer.
4. Microvoltmeter.

II. Ordinary agrometeorological observatory
These stations record meteorological as well as biological observation on routine basis.
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Requirements:

a. Essential instruments

1. Maximum and minimum thermometers.

2. Wet and dry bulb thermometers.

3. Soil thermometers.

4. Grass minimum thermometer.

5. Rain gauge (ordinary).

6. USWB open pan evaporimeter.

7. Assmann Psychrometer.

b. Optional instruments

1. Sunshine recorder.

2. Dew gauge.

3. Self recording rain gauge.

4. Thermohygrograph.

III. Auxiliary agrometerological  observatory

These types of observatories are equipped with few instruments and collect qualitative data on
phenology and insects and diseases of economic importance to important crops of the region.

Requirements:

a. Essential instruments

1. Maximum and minimum thermometers.

2. Dry bulb and wet bulb thermometers.

3. Ordinary rain gauge.

b. Optional instruments

1. Windvane and anemometer.

2. Dew gauge.
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EXERCISE-2
LAY OUT PLAN OF  AGROMET OBSERVATORY

Aim

Study about an ordinary agromet observatory.

Objective

To prepare and study the layout plan of agromet observatory.

Selection of site for observatory

The following basic requirements should be met out in selecting site for establishment of
observatory. Proper site selection will ensure that the observations are representative of the place
and sufficiently comparable with those of other stations.

1. The site should be representative of the crop-soil-climate conditions of the area.

2. It should be located at the centre of the farm.

3. The site should be free from water logging.

4. It should have easy accessibility during the rainy season.

5. The site should be away from any permanent irrigation sources and tall structures like
buildings, hillocks and trees.

6. The site should not have extreme topography and it should be well exposed and levelled.

Recommended layout

 The dimensions for an observatory are a length of 55 m and width of 36 m and the longer
side running South- North. The ground plan for an agromet observatory is given in Fig 1. The periphery
should be fenced with barbed wires to prevent cattle trespass. There should be a gate at appropriate
site. All tall instruments should be installed at the northern side of the observatory to avoid shade
effect.

Time of observation

The observations are recorded at 07.00 and 14.00 hours local mean time (LMT) all over
India. However, rainfall and evaporation observations are taken at 08.30 hrs Indian Standard Time
(IST) and 14.00 hrs LMT. The setting of automatic instruments like thermograph, hydrograph
evaporigraph and barographs etc. are done at 08.30 hrs IST.
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Layout of agromet observatory

(.)  (.)
Dew Gauges

Anemometer 

Sunshine Recorder  

Wind Vane

12m

Single Stevenson 
Screen

Double Stevenson 
Screen

Ordinary Raingauge Self Recording 
Raingauge

12m

Soil Thermometers
5, 10, 20 CMS

Terrestrial Radiation 
Minimum Thermometer

USWB Class-A Open
Pan Evaporimeter

36m

South
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EXERCISE-3
CALCULATION OF LOCAL MEAN TIME

Aim

To study about the calculation of local mean time.

Calculation of Local Mean Time

The Local Mean Time (LMT) corresponding to Indian Standard Time (IST) vary from place to
place depending upon longitude of a place. The longitude 820 30’ E passing through Allahabad is
called Indian Standard Time longitude. Here the IST and LMT are same. To get IST of a corresponding
LMT of a place the following formula can be used.

IST= LMT + 4( s - L )

Where,

LMT= 07.00 hrs or 14.00 hrs

s = Standard longitude i.e., 820 30’E passing over Allahabad.

L = Longitude of the station for which local time is calculated.

As the earth takes approximately 4 minutes to traverse the distance between two longitudes, 4 is
multiplied with the difference.

Standard longitude is 820 30’ E or 82.50 E

Longitude of Bhubaneswar is 850 50’ E= 85.80 E

The time of observation (i.e. IST) at Bhubaneswar corresponding to 07:00 hr and 14:00 hr LMT are

IST = 07:00 + 4(82.5-85.8) = 07:00 + 00:04 (-3.3) = 07:00 – 00:13.2 = 06:47 hr (approx.)

IST = 14:00 + 4(82.5-85.8) = 14:00 + 00:04 (-3.3) = 14:00 – 00:13.2 = 13:47 hr (approx.)

Assignment:

At what time by his watch does an agromet observer take observations if the agromet
observatory is at 700 E longitude.
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EXERCISE-4
STUDY OF STEVENSON’S SCREEN

Aim

Study about Stevenson’s screen.

Objective

To study about air temperatures.

Description of Stevenson’s screen

Thomas Stevenson designed this screen in 1866. It is a specialized shelter to accommodate
the four thermometers i.e., maximum, minimum, dry bulb and wet bulb thermometers for recording
of air temperature. Stevenson’s screen is a wooden rectangular box of dimension:- Length 56 cm,
width 30 cm and height 40 cm with a double-layered roof and louvered sides. The screen is painted
white and is mounted on four wooden supports. The support of the screen is placed at a height of 4ft
(1.22m) above the ground. The screen is set up with its door facing north side (opening downward)
so that minimum sunlight would enter while the observer is reading the instruments.

The screen is meant to protect the thermometers from direct heating from ground and
neighbouring objects and from loosing heat by radiation at night. The double layered roof and louvered
sides protects the instruments f rom rain and snow. It also  allows free air circulation.

The maximum and minimum thermometers are laid in horizontal positions on the upper and
lower wooden brackets respectively and rest at an angle of 20 to horizontal. The dry bulb and wet
bulb thermometer are kept vertical on the wooden bracket on the left and right hand sides respectively.

Precautions

1. Take the temperature reading as quick as possible so that it is not affected by presence of
the observer.

2. Avoid parallax error while reading the thermometers.

3. Do not keep the door of the thermometer screen open for a longer time.

4. Use distil led water or rain water for the wet bulb thermometer and keep the container clean.

5. Keep muslin cloth and threads clean and free from dust and grease. Change them every
week.
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SINGLE STEVENSON’S SCREEN

1. ROOF   2.  WOODEN BOX   3.  WOODEN PANES     4. DOOR    5. DRY BULB THERMOMETER
6. WET BULB THERMOMETER   7. MINIMUM THERMOMETER 8. MAXIMUM THERMOMETER

6. Keep the water container away from dry bulb thermometer and do not keep directly below
the wet bulb thermometer.

7. Correction factors should be applied for correction the air temperature.

1

2

3

4

5 6
8

7
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EXERCISE-5
STUDY OF MAXIMUM AND MINIMUM THERMOMETERS

Aim

To study about maximum and minimum air temperatures.

Objectives

1. To measure maximum air temperature.

2. To measure minimum air temperature.

Introduction

Air temperature is an important weather element influencing crop growth and development.
Productivity of crop is determined by the temperature range prevailing during the crop-growth season.
There are different temperature requirements for different crop growth stages. Crop water use is also
influenced by air temperature. Hence, the observations on air temperature at different hours of the
day as well as maximum and minimum values for the day are important.

Definition

 Air temperature is temperature of the air recorded by the thermometer exposed in a standard
type of screen called Stevenson’s screen.

Principles of thermometry

The thermal expansion of a substance which is a function of temperature is measured in
linear scales of Celsius, Fahrenheit, Reaumur or change in electrical resistance with temperature.

Classification of meteorological thermometers

To measure the temperature, different thermometers are used. But, in observatories liquid
in glass thermometers are used. The liquid in glass thermometers may be of two different types:

(a) Mercury in glass e.g. maximum, dry bulb, wet bulb and soil thermometers.

(b) Spirit or alcohol in glass e.g. minimum thermometer, grass minimum thermometer,

Instruments required

1. Maximum thermometer

2. Minimum thermometer



10

Measurement of maximum temperature

The maximum temperature is measured by using a maximum thermometer. This is a
mercury-in-glass thermometer provided with a
constriction in the capillary of the glass tube below
the lowest graduation of the scale. The constriction
allows the mercury to push forward by r ising
temperature but restricts it being drawn back with
fall ing temperature. It stands at that level in the capillary, so that we can read the maximum
temperature at later time. It is clinical t ype of thermometer ranging from -350 C to +550 C.

The thermometer is to be set at 07.00 hrs LMT. The reading of the maximum thermometer
after setting should agree with that of dry bulb thermometer within 0.3 0C. The thermometer is set by
holding on hand giving mechanical jerks.

Measurement of minimum temperature.

The minimum or the lowest temperature of air during last 24 hrs is measured with the help
of minimum temperature. It is a spirit or alcohol-in-glass thermometer ranging from -400C to +500C
having a light narrow index in the stem. This index
is kept inside the spirit column by the surface
tension of the meniscus. Reading is taken from the
end of the index which is farthest from the bulb. It is
set at 14.00 hrs LMT by tilting the bulb upwards
(jerking is not given). After setting, the reading of the minimum thermometer should agree with that
of dry bulb thermometer within 0.60C.

Principle

As the temperature falls, the alcohol contracts and end of alcohol column in stem moves
towards the bulb dragging the index along with it by the surface tension of liquid. If subsequently
temperature increases the alcohol flows freely past the index without displacing it. Thus, the position
of the end of the index farthest from the bulb indicates the lowest temperature reached since the
thermometer was last set.

Precautions

1. Take the temperature reading as quick as possible so that it is not affected by presence of
the observer.

2. Avoid parallax error while reading the thermometers.

3. Do not keep the door of the thermometer screen open for a longer time.
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Units of temperature

There are four scales of temperature.

Scales Boiling point of water Melting point of ice
Celsius 1000C 00C
Fahrenheit 2120F 320F
Reaumur 800R 00R
Kelvin 373 K 273 K
The following formula may be used to convert one scale to another

K=C+273;         C=5/9 (F-32);             F= (9C/5)+32

Calculation of mean temperatures

      1. Daily mean temperature= 2
eTemperaturMinimumre temperatuMaximum

      2. Mean weekly temperature=  weekof daysofNo.
eTemperaturmean Daily 

      3. Mean monthly temperature= monthofdaysofNo.
eTemperaturmean Daily 

      4. Mean annual temperature= 12
eTemperaturmean Monthly 

5. Temperature range= Maximum temperature to Minimum temperature

6. Wet bulb depression= Dry bulb temperature- Wet bulb temperature
7. Growing degree day= (Daily means temperature- Base temperature)

Assignment:
i) Convert 450C to Fahrenheit, Reaumur and Kelvin.

         i i) Convert 980F to Celcius.

4. Correction factors should be applied for correction the air temperature.
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EXERCISE-6
STUDY OF DRY BULB AND WET BULB THERMOMETERS

Aim

To study about dry bulb and wet bulb thermometers.

Objectives

1. To measure prevailing air temperature.

2. To measure wet bulb temperature.

Instruments required

1. Dry bulb thermometer

2. Wet bulb thermometer

Measurement of prevailing air temperature(Dry bulb)

Prevailing air temperature is measured by means of a mercury-in-glass thermometer called
the dry bulb thermometer. It is an ordinary thermometer ranging from -350 C to +550 C. This temperature
is used for calculating the relative humidity, vapour pressure and dew point temperature.

Measurement of wet bulb temperature

The wet bulb temperature is measured with the help of a wet bulb thermometer. This is
similar to dry bulb thermometer but in this case the bulb of the thermometer acts as evaporating
surface. The bulb of the thermometer is covered by a muslin cloth and is kept continuously wet by
providing water by means of four strands of cotton thread dipped into a small water container with
distilled water or rain water.

Principle

Evaporation causes cooling. When water evaporates from wet bulb surface, the latent heat
required is drawn from the bulb of the thermometer and so the mercury column comes down indicating
a reduction of temperature.

If the atmospheric air is saturated, both the dry and wet bulb thermometer readings would
be same. But when air becomes dry, the difference between them increases. The difference is
known as wet bulb depression. This temperature is used to find out dew point temperature, vapour
pressure and humidity.
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THERMOGRAPH

This is an automatic instrument, which gives a continuous record of air temperature. There
are two types of thermographs viz., (i) Bourdon tube type (ii) Bimetall ic type

The bimetallic thermograph consists of a sensitive element of two strips of different metals
viz. brass and iron, welded together along the flat surfaces and bent into arc. One end of the arc is
fixed to the base of  the instrument and the other end is connected to bend arm,  which traces the
changes on graph paper. Change in temperature causes the two metals to expand or to contract by
different amounts so that bend and unbend accordingly. This instrument is placed in Stevenson’s
screen and the graph paper is changed daily at 08.30 hrs IST.

Precautions

1. Use distil led water or rain water for the wet bulb thermometer and keep the container clean.

2. Keep muslin cloth and threads clean and free from dust and grease. Change them every
week.

3. Keep the water container away from dry bulb thermometer and do not keep directly below
the wet bulb thermometer.

 WET BULB AND DRY BULB THERMOMETERS
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EXERCISE-7
MEASUREMENT OF RELATIVE HUMIDITY

Aim

To study about measurement of relative humidity.

Objectives

1. To determine relative humidity, dew point temperature, actual and saturation vapour pressure
from wet and dry temperature readings.

2. To compute vapour pressure deficit.

Introduction

Atmospheric humidity affects the evapotranspiration which, in turn, influence the physiological
processes of plants. Furthermore, humidity plays an important role in disease and insect pest
infestation of crops. Hence, humidity measurement is important.

Definition

Absolute humidity

The weight of water vapour present per unit volume of air is known as absolute humidity.
This is expressed as gram of water vapour per cubic meter of air (g/m 3).

Specific humidity

The weight of water vapour present per weight of a given mass of air including the water vapour
is known as specific humidity. It is expressed as gram of water vapour per kilogram of air (g/kg).

Mixing ratio

The weight of water vapour present per unit weight of dry air is known as mixing ratio. It is
expressed as gram of water vapour per kilogram of dry air (g/kg).

Vapour pressure

Water vapour exerts pressure due to its weight on surface unit area and is known as vapour
pressure. It is a partial atmospheric pressure. The vapour pressure exerted due to actual amount of
water vapour that is present in atmosphere is known as actual vapour pressure. The vapour pressure is
known as saturated vapour pressure when air becomes saturated. It is expressed in mm of Hg or milibar.
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Relative humidity

The relative humidity is the ratio of water vapour actually present in unit volume of air to that
required to saturate at the same temperature. It is expressed in percentage and given as:

RH=     X 100

The SVP (saturated vapour pressure) at dew point temperature can be calculated by using
wet bulb temperature in the following formula:

E= E’-AP (Td-Tw)

Where,

E = Actual vapour pressure in mm Hg. (SVP at dew point temperature)

E’ = SVP at wet bulb temperature in mm Hg.

A = Psychomet ric constant or factor for stationary Psychrometer (0.000795).

P = Atmospheric pressure, 1013 mb or 760 mm of Hg.

AP = 0.604 in mm Hg, 0.805 in milibar.

Td = Dry bulb temperature.

Tw = Wet bulb temperature.

Instruments required

1. Simple or stationary psychrometer

2. Assmann psychrometer

3. Whirling psychrometer

4. Hair hygrometer

5. Hair hygrograph

Material required

1. Hygrometric table

2. Saturation vapour pressure table (SVP Table)

 

re) temperatubulbdry at  (SVP
AVP)eerature(i.point tempdewat (SVP
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Procedure

1. Note the readings of dry bulb and wet bulb thermometers.

2. From hygrometric table read dew point temperature and relative humidity values
corresponding to dry bulb and wet bulb temperature.

3. Find out SVP at dry bulb, wet bulb and dew point temperatures by using SVP table.

4. AVP (SVP at dew point temperature) can also be obtained by using the above formula.

5. Calculate the vapour pressure deficit as the difference between SVP and AVP (SVP at dew
point temperature)

Use of Hygrometric Table

The hygrometric table is used to find out dew point temperature and relative humidity
corresponding to dry and wet bulb temperatures. The SVP table is used to find out saturation vapour
pressure (in mm Hg) values corresponding to dry bulb, wet bulb and dew point temperature values.

If the altitude of the place of observation is less than 1500’ (457m), 1000 mb and for higher
stations 900 mb hygrometric tables to be used.

Dew point temperatures and relative humidity corresponding to specified values of dry and
wet bulb temperatures are given in the hygrometric tables at an interval of 0.2 0C. While using the
tables, interpolation to the nearest 0.10C has to be done wherever necessary. The figures are rounded
off using the following convention. If an even digit number follows 0.5, it should be rounded of f to the
next whole digit or if the digit is odd, it remains the same. For example, 8.5 should be rounded off as
9.0 and 9.5 to be 9.0.
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Air
Temp 0C 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0 4.6 4.6 4.7 4.7 4.7 4.7 4.8 4.8 4.9 4.9 
1 4.9 5.0 5.0 5.0 5.1 5.1 5.1 5.2 5.2 5.3
2 5.3 5.3 5.4 5.4 5.5 5.5 5.5 5.6 5.6 5.6 
3 5.7 5.7 5.8 5.8 5.9 5.9 5.9 6.0 6.0 6.1
4 6.1 6.1 6.2 6.2 6.3 6.3 6.4 6.4 6.5 6.6 
5 6.5 6.6 6.6 6.7 6.7 6.8 6.8 6.9 6.9 7.0
6 7.0 7.1 7.1 7.2 7.2 7.3 7.3 7.4 7.4 7.5 
7 7.5 7.6 7.6 7.7 7.7 7.8 7.8 7.9 7.9 8.0
8 8.1 8.1 8.2 8.2 8.3 8.3 8.4 8.4 8.5 8.5 
9 8.6 8.7 8.7 8.8 8.9 8.9 9.0 9.0 9.1 9.1
10 9.2 9.3 9.3 9.4 9.5 9.5 9.6 9.7 9.7 9.8 
11 9.8 9.9 10.0 10.0 10.1 10.2 10.2 10.3 10.4 10.5
12 10.5 10.6 10.7 10.7 10.8 10.8 10.9 11.0 11.1 11.2 
13 11.2 11.3 11.4 11.5 11.5 11.6 11.7 11.8 11.8 11.9
14 12.0 12.1 12.1 12.2 12.3 12.4 12.5 12.5 12.6 12.7 
15 12.8 12.9 13.0 13.0 13.1 13.2 13.3 13.4 13.5 13.5
16 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.3 14.4 
17 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.2 15.3 15.4
18 15.5 15.6 15.7 15.8 15.9 16.0 16.1 16.2 16.3 16.4 
19 16.5 16.6 16.7 16.8 16.9 17.0 17.1 17.2 17.3 17.4
20 17.5 17.7 17.8 17.9 18.0 18.1 18.2 18.3 18.4 18.5 
21 18.7 18.8 18.9 19.0 19.1 19.2 19.3 19.5 19.6 19.7
22 19.8 19.9 20.1 20.2 20.3 20.4 20.6 20.8 20.8 20.9 
23 21.1 21.2 21.3 21.5 21.6 21.7 21.9 22.0 22.1 22.2
24 22.4 22.5 22.7 22.8 22.9 23.1 23.2 23.3 23.5 23.6 
25 23.8 23.9 24.1 24.2 24.3 24.5 24.6 24.8 24.9 25.1
26 25.2 25.4 25.5 25.7 25.8 26.0 26.1 26.3 26.4 26.6 
27 26.7 26.9 27.1 27.2 27.4 27.5 27.7 27.9 28.0 28.2
28 28.4 28.5 28.7 28.9 29.0 29.2 29.3 29.5 29.7 29.9 
29 30.1 30.2 30.4 30.6 30.7 30.9 31.1 31.3 31.5 31.7
30 31.8 32.0 32.2 32.4 32.6 32.8 32.9 33.1 33.2 33.5 
31 33.7 33.9 34.1 34.3 34.5 34.7 34.9 35.1 35.3 35.5
32 35.7 35.9 36.1 36.3 36.5 36.7 36.9 37.1 37.3 37.5 
33 37.7 37.9 38.2 38.4 38.6 38.8 39.0 39.3 39.5 39.7
34 39.9 40.1 40.4 40.6 40.8 41.0 41.3 41.5 41.7 41.9 
35 42.2 42.4 42.7 42.9 43.1 43.4 43.6 43.9 44.1 44.3
36 44.6 44.8 45.1 45.3 45.6 45.8 46.1 46.3 46.6 46.8 
37 47.1 47.3 47.6 47.9 48.1 48.4 48.6 48.9 49.2 49.4
38 49.7 50.0 50.2 50.5 50.8 51.1 51.3 51.6 51.9 52.2 
39 52.5 52.7 53.0 53.3 53.6 53.9 54.2 54.5 54.7 55.0
40 55.3 55.6 55.9 56.2 56.5 56.8 57.1 57.4 57.7 58.1 

Saturation vapour pressures (mm of Hg ) in terms of Dry bulb or wet bulb temperature in 0C
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EXERCISE-8
INSTRUMENTS FOR MEASUREMENT OF RELATIVE HUMIDITY

Aim

Study about measurement of relative humidity.

Objectives

1. To study about different instruments used for measuring RH.

Instruments

1. Stationary or simple Psychrometer

It consists of two mercury thermometers with the bulbs of identical form
and size. A set of these two thermometers (Dry and Wet bulb) is known as
simple Psychrometer. Both are exposed vertically in Stevenson’s screen.
The dry bulb thermometer indicates the actual temperature at the time of
observations and the wet bulb thermometer indicates the temperature of
cooled air by converting the bulb to an evaporating surface. With the help of
hygrometric table dew point temperature and relative humidity are obtained.

2. Assmann Psychrometer

Asmann devised this instrument in 1887 in Berlin. This instrument consists
of a pair of dry and wet bulb thermometer with the cylindrical bulb forms,
fixed vertically. Each bulb is protected from external radiation by two highly
polished coaxial tubes. The instrument is designed for measuring the
temperature and relative humidity both in the open as well as inside crops.
In this psychrometer, the aspiration is provide by means of a clockwork fan
by which air is drawn at a speed higher than 10 feet  per second (fps).

3. Whirling Psychrometer

Anago devised this in 1830. This instrument is used to measure the
temperature and relative humidity of the air in the open as well as
inside crops at various heights. It consists of two thermometers attached
horizontally to a rectangular wooden frame. Both the thermometers
can be rotated with handle. This psychrometer should be given about 4
rotations per second to obtain desirable wind speed of about 5m per
second.
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By the readings of dry and wet bulb thermometers of Assmann and Whirling psychrometer,
dew point temperature, vapour pressure and relative humidity at different heights can be calculated.
These two instruments are used to measure microclimatic observations in the laboratory near a
microclimatic post. It is a wooden post of 3" X 3" X 3" X 12’ size with markings at 1’, 2’, 4’, 8’ and 12’
heights. It is painted white and by the side of the
post is placed a wooden ladder of 8’ height.

4. Hair Hygrometer

Hair hygrometer is used to record humidity at the
time of observations. A human hair is used in this
instrument.  It is circular in size and indicates
humidity directly. It is kept in the laboratory to
observe humidity in room temperature.

5. Hair hygrograph

It is an instrument used for continuously recording
the relative humidity of the air. Human hair has a
property to increase the length with increase in
humidity and decrease with decrease in humidity.
Thus, the inst rument consists of a bundle of
cleaned and de-oiled human hair, tied at both the ends and kept tight in the middle by means of a
hook attached to one arm of the lever and second arm of the lever is associated with pen arrangement
which can make marking on graph paper attached on the clock driven revolving drum. The changes
in length of the hair thus, cause a displacement of the hook, which is communicated by second arm
of the lever to record the changes on the graph paper. The circular drum rotates once in 24 hrs or
once in a week. This instrument is placed inside a Stevenson’s screen in the observatory. Its
operation is based on the property of de-oiled human hair to vary its length.

Microclimatic observations

Pocket registers are used to record microclimatic observations at different  heights. For
short crops like wheat, rice, cotton etc. observations are taken at surface, one ft., two ft. and four ft.
height, but for tall crops like sorghum, sugarcane etc. observations are taken at surface, one ft.,
four ft., eight ft., and twelve ft. Observations in wheat, sorghum and sugarcane should commence
from date of germination count and in case of paddy from the date of transplanting and should be
continued ti ll the crops are harvested.

Assignment: If  the actual vapour density is 10 g/m 3 at 200 C compared to the saturation vapour
density at that temperature of 17.3 g/m 3, then calculate the relative humidity.
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EXERCISE-9
STUDY OF WIND VANE

Aim
Study about wind vane.

Objective
To measure wind direction.

Introduction
Some of the solar energy reaching the surface is transformed into kinetic energy of the

gases of the atmosphere. As a result, the gaseous molecules are in continuous motion. Wind is air
in horizontal motion, caused due to difference in atmosphere pressure. It is a vector; hence it is to
be expressed in direction and speed.

Wind has an important role in determination the crop water use. It influences the crop
physically and physiologically. Hence it needs to be measured for crop growth studies.
Instruments required

Wind vane
Measurement of wind direction

Wind direction is measured by an instrument called wind vane.  The direction from which
wind blow is known as the windward side and towards which it bows is known as leeward side.
Description of wind vane

Wind vane is essentially a brass-arm, mounted on ball bearing to a vert ical axis. To one
side of the brass arm there is an arrowhead and on another side there are two flat vanes forming an
acute angle. The ball bearings are in bearing house where there is an oil hole. The screw below the
bearing are in bearing house are tightened to a brass covering known as brass sleeve. Below the
wind vane there are 4 direction arms fixed to the vertical axis by means of a brass boss. In between
the direction arms there are corner indicators. The direction arms and corner indicators are tightened
to the brass boss by means of knots known as check knots. The direction arms are levelled with N,
S, E & W. The vertical axis is erected by means of an iron-stand.
Installation

It is installed over a wooden plank made up of teak wood. The dimension of wood plank is
40cm X 40cm X 5cm. The wooden plank is fixed on a wooden post. The height between the pointer
and ground level is exactly 10 feet (3.05m). The North indicator should be set to true north and not
to the magnetic North.
Functioning of wind vane

The instrument shows the prevailing direction of wind blowing to the observatory. The sensitive
part of the instrument is the flat vane, which offers the greatest resistance to the motion of the air
going to the leeward side. As a result the arrow end points to the wind ward side.
Units

There are two ways of expressing wind direction.
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1. By direction ( Sixteen point of a compass)
2. By degree (from north, measured in clockwise as N, E, S, W means 3600, 900, 1800 and

2700 respectively).
Observation

Watch the wind vane for a few minutes and identify the direction nearest to the sixteen
point of the compass.
Care and maintenance
1. The axis of the wind vane should be exactly vertical.
2. Every fortnight put a few drops of spindle oil by removing screw cap of the vane.
3. The bearing should be washed and lubricated thoroughly once in every six months.
Assignment  : Observe the wind direction and present in direction and degree form.

WIND VANE

WIND DIRECTION
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EXERCISE-10
STUDY OF ANEMOMETER

Aim
Study about anemometer.

objective
To measure wind speed.

Instrument required
Anemometer.

Description of anemometer
This instrument consists of three aluminium cups fixed to the cup bars. These cup bars are

again fixed to the cup frame. The cup frame rests on the steel spindle on the bearing house. The
steel spindle is covered by means of a brass pipe known as brass jacket. The steel spindle rests on
a box known as cyclometer box. Below the steel spindle inside the cyclometer box, there is ball
bearing known as foot bearing. A litt le portion of the steel spindle inside the cyclometer box is
grooved. This grooved portion is known as worm. The worm is threaded and looks like screws. There
is one lever, which exactly fits to the grooves of the worm. The lever is associated to a gear and the
gear is connected by means of a lever to the number in the mile meter. The numbers can be
observed from the dial of the cyclometer.

Installation

The anemometer is installed on a metal pipe, which is fixed on a wooden post. The height
from the centre of the anemometer cups is 10 feet above the ground level.

Functioning of the anemometer

When the wind blows, the cups are set in motion due to pressure difference occurring
between convex and concave surfaces of the cups. The rotation of the cup rotates the steel spindle,
which sets the lever in motion, then the gear and finally the number in the mile meter is changed,
which can be read from the dial. The range of the cyclometer is from 0 to 9999. The four black
figures give whole km and the red figure to the right gives tenth of km.

Observation

1. Note down two reading from anemometer at an interval of three minutes. Multiply the difference
by 20 to get wind speed at the time of observation in km/hr.

2. Subtract the anemometer reading at 07.00 hrs LMT of the previous day from that at 07.00
hrs LMT of the observation day and divide the difference by 24 to get the mean daily wind
speed for the observation day in km per hour.
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Care and maintenance

1. Every week put two to three drops of clock oil in the foot bearing and in the worm.

2. Once in every two months fill the house of top bearing with grease.

3. Once in every six months all the parts of the instrument should be examined and the
bearing should be thoroughly washed, cleaned and lubricated.

Assignment:- Measure the present wind velocity and average wind speed of  the reporting day.

ANEMOMETER

The Beaufort Wind Scale
The Beaufort scale, used throughout the marine world, has developed over many years

since it was first devised by Admiral Francis Beaufort in 1806. Today, the Beaufort scale is defined
for seamen in terms of sea state.  Its emphasis is more on the observed effect of the wind, rather
than the actual wind speed. The Beaufort scale is an empirical measure that relates wind speed to
observed conditions at sea or on land. I ts full name is the Beaufort wind force scale.
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Force Speed Name Conditions 
at Sea

Conditions
on Land

Effects observed 
on landknots km/h mi/h

0 < 1 < 2 < 1 Calm Sea like a mirror. Smoke rises 
vertically.

1 1-3 1-5 1-4 Light air  Ripples only. Smoke drifts and 
leaves rustle.

2 4-6 6-11 5-7 Light 
breeze

Small wavelets 
(0.2 m). Crests 
have a glassy 
appearance.

Wind felt on face. 

3 7-10 12-19  8-11 Gentle 
breeze  

Large wavelets 
(0.6 m), crests 
begin to break.

Flags extended, 
leaves move.  

4 11-16 20-29 12-18 Moderate 
breeze

Small waves (1 
m), some 
whitecaps.

Dust and small 
branches move.

5 17-21 30-39 19-24 Fresh 
breeze

Moderate waves 
(1.8 m), many 
whitecaps.

Small trees begin to 
sway.

6 22-27 40-50 25-31 Strong 
breeze  

Large waves (3 
m), probably some 
spray.

Large branches 
move, wires whistle, 
umbrellas are difficult 
to control.

7 28-33 51-61 32-38 Near gale Mounting sea (4 
m) with foam 
blown in streaks 
downwind.

Whole trees in 
motion, 
inconvenience in 
walking.

8 34-40 62-74 39-46 Gale Moderately high 
waves (5.5 m), 
crests break into 
spindrift. 

Difficult to walk 
against wind. Twigs 
and small branches 
blown off trees.  

9 41-47 76-87 47-54 Strong 
gale

High waves (7 m), 
dense foam, 
visibility affected.

Minor structural 
damage may occur 
(shingles blown off 
roofs).

10 48-55 88-102 55-63 Storm Very high waves 
(9 m), heavy sea 
roll, visibility 
impaired. Surface 
generally white.

Trees uprooted, 
structural damage 
likely.

11 56-63 103-118 64-73 Violent 
storm  

Exceptionally high 
waves (11 m), 
visibility poor. 

Widespread damage 
to structures.

12 64+ 119+ 74+ Hurricane 14 m waves, air 
filled with foam 
and spray, visibility 
bad.

Severe structural 
damage to buildings, 
wide spread 
devastation.
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EXERCISE-11
STUDY OF SOIL THERMOMETERS

Aim
Study about soil thermometers.

Objective
To measure the soil temperature at different soil depths.

Introduction
Optimum soil temperature is an important factor for proper germination. Soil moisture

movement in soil is dependent on the temperature of soil. The germination of seeds, growth and
development of root system, activity of the soil microflora, and decomposition of organic material
and absorption capacity of roots depend on the soil temperature. With increase in temperature, the
solubility of a major of salts increases. The difference in temperature of indiv idual layers of soil
causes movement of water vapour. A considerable fall of temperature is one of the main reasons for
the damage of winter crops. Besides,  for an evaluation of the agro metrological conditions it is
necessary to know the spatial and temporal variation of soil temperature during the course of crop
growing period.

Similarly the temperature of  grasses at ground level, which indicates the occurrence of
frost (lowest temperature), is also essential. The soil temperature below 5 cm depth and the
temperature 5 cm above the height of  grasses are most important for crop growth.

Instruments required
Soil thermometer for 5cm, 10cm and 20cm depths

Description of soil thermometers

These are mercury in glass thermometers. These thermometers have a bend bulb of 1200

and the rest of the stem is straight. The range of the thermometer is -20 0C to +600C

Installation
The soil thermometers are installed at a plot size of 180cm X 120cm in the observatory.

These thermometers are held by iron stands in inclined position making 60 0 angles with ground
surface. Commonly soil thermometers for 3 depths 5cm, 10cm, 20cm are placed 45cm apart at an
inclined depth of 5.8, 11.6 and 23.2cm to ensure a vertical depth of 5, 10 and 20cm respectively. For
installation of the thermometers inside soil, care should be taken to see that minimum soil layer is
disturbed and the bulb of the thermometer rests in good contact with the firm undisturbed soil.
While digging the soil for installation, the soil is removed layer wise and identically layers are put in
corresponding previous position. The zero mark of the thermometer should be at ground level.



27

Recording of observations

The soil temperature is read daily at 07.00 hrs and 14.00hrs LMT. While taking observation,
the line joining the eye of the observer and top of the mercury column should be at right angle to the
instrument. The observer should keep himself a couple of feet away f rom the instrument so as not
to cast its shadow on the ground surface in the neighbourhood of the instrument. Reading is taken
correct to 0.10C.

The diurnal range of soil temperature is maximum at the surface and this range decreases
rapidly with depths and becomes practically negligible at a depth of 30cm. In the morning the
temperature is lowest at 5cm depth and in the afternoon it is highest at 5cm depth.

Precautions
1. Prevent water logging of the field.

2. Soil surface should be maintained at contact level.

3. The plot should be kept free from any vegetation.

4. Cracking of the soil surface should be prevented by frequent mulching.

Assignment:- Observe the day and night soil temperatures at dif ferent depths

SOIL THERMOMETERS
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EXERCISE-12
STUDY OF GRASS MINIMUM THERMOMETER

Aim

Study about grass minimum thermometer.

Objective

To measure grass minimum temperature.

Measurement of grass minimum temperature

Grass minimum thermometer or terrestrial radiation thermometer is used to measure the
actual minimum temperature experienced by the plants near the ground surface. The grass minimum
thermometer is a glass thermometer filled with spirit or alcohol with a small index just like in case
of minimum thermometer

The reading of the grass minimum thermometer indicates the possibil ity of occurrence of
ground frosts. When the instrument records 300F or 00C below, a ground frost is l ikely to occur.

Its construction and working is similar to that of minimum thermometer except that its bulb
is spherical and the stem is encased in a glass jacket in order to protect seal marks on the stem
from dew, rain and prevent the stem from cooling rapidly.

Exposure

The thermometer is exposed on short grass about one inch above ground surface on its
support over the grass plot on a Y-shaped stand, so that the bulb just touches the grasses. Its
reading is noted down before sunrise in the morning. After reading, the instrument is kept indoors to
avoid direct exposure to solar radiation

The grass minimum temperature remains lower than the air temperature at screen level

GRASS MINIMUM THERMOMETER
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EXERCISE-13
STUDY OF SUNSHINE RECORDER

Aim

Study about sunshine recorder.

Objective

To measure the duration of sunshine hour in a day.

Introduction

Sun is the primary source of energy for sustaining life on earth. Plants obtain necessary
energy for l ife from sunlight. They convert solar energy into chemical energy during the process of
photosynthesis. The rate of transpiration is also dependent on solar radiation. Since recording of
solar radiation requires sophisticated costly instruments like Pyrenometer, which is generally not
available at agromet observatories, it is possible to estimate solar radiation by using bright sunshine
duration data. Besides, infestation of insect pest and diseases is also associated with the occurrence
of cloudiness during the crop growing season. The sunshine duration also indicates the occurrence
of cloudiness during the day. Hence recording of bright sunshine duration is essential.

Instrument and Accessories required

1. Cambell-Stokes sunshine recorder

2. Sunshine card

3. A special plastic scale.

Description

Campbell-Stokes sunshine recorder
This sunshine recorder consists of  a glass sphere of  10cm diameter. The glass sphere is

mounted on a spherical bowl. Inside the bowl there are three grooves in which three different types
of cards are inserted. The diameter of the bowl is such that when exposed to the sunrays the sphere
focuses the rays sharply on a card held in the groove of the bowl. Three overlapping pairs of grooves
are provided in the bowl to take cards suitable for different seasons of the year.

Cards

The cards are made up of a good quality pasteboard of 0.04mm thickness coloured with
blue colour. This colour gives a good contrast with the burns and freely absorbs the radiation. The
cards are so cut that no expansion occurs in its length on wetting. There are three different types of
cards namely the short curved for winter season, long curved card for summer season and straight
cards in equinoxes are used.
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Cards Season Period Grooves

Short curved Winter 15th Oct to end of February Upper

Long curved Summer 12th April to 2nd Sept. Lower

Straight Equinoxes 3rd Sept. to 14th Oct.1st March to 11 th April middle

Specific plastic scale

This is a type of time scale used to measure the length of burn to obtain the duration of
sunshine. The scale is made up of celluloid and each hour is divided in to 10 parts consisting of
0.1hr or 6 minutes. The parallel sunshine scale is used for straight cards and trapezoidal scale is
used for long and short curved cards.

Installation

The instrument is installed on a masonary pil lar of 10 feet (3.04m) above the ground. The
sphere is supported on the bowl according to the latitude of the place where the observatory is
located.

Working of the recorder
The action of the recorder depends upon the burning of the card due to heat of  the sun,

which is focussed on the card through the glass sphere. The cards burn linearly because of the
chemical treatments given to the card. The card is changed everyday. The total length of the burn is
measured with the help of the special plastic scale.

Procedure
1. Appropriate card corresponding to the season should be placed in the grooves.

2. Insert the card in the appropriate groove of the recorder such that the 12 hr line coincides
with the noon mark engraved on the bowl.

3. Remove the burnt card in the evening after sunset.

4. Measure the burns using the special plastic scale.

5. Add up the values for all the hours and determine the total duration of sunshine hours for the
day.

Precautions

1. Do not clean the glass bowl with any cloth material, which may abrade the surface.

2. Keep the glass surface clean.
3. The charring trace should be parallel to the central line of the card.

Assignment  - Measure the bright sunshine hour of 30 th April.
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Semicircular 
brass bar 

Sunshine card

Glass  sphere

Masonary work

SUNSHINE CARDS

PLASTIC SCALE

Lo ng c urved  card         Straigh t c ard      S ho rt  cu rv ed card       

Trapezoidal scale       Parallel sunshine scale
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EXERCISE-14

ESTIMATION OF SOLAR RADIATION & CLOUD AMOUNT
Aim

To estimate the solar radiation and cloud amount.

Estimation of solar radiation

Solar radiation can be estimated by using the following formula:

Rs = Ra [a+b(n/N)]

Where,

Rs = Solar radiation at  the surface.

Ra = Radiation at the top of the atmosphere, which differs with latitude (Table value)

        a & b = Constants, a= 0.42 and b=0.30

  n = Actual bright sunshine duration

  N= Maximum possible sunshine duration varies with lat itude and time of  season of a
       place (Table value)

Mean Monthly values of Extraterrestrial Radiation (Cal/cm2/day) for different latitudes in
Northen Hemishere

Month 00 100 200 300 400

January 859 758 638 479 366
February 887 821 729 620 497
March 895 874 824 752 657
April 869 896 897 870 815
May 823 887 928 947 936
June 793 875 935 974 987
July 803 878 935 957 963
August 842 885 930 898 867
September 879 875 906 794 716
October 885 835 848 663 548
November 862 774 665 538 399
December 846 737 611 465 329
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Maximum possible hours of Sunshine (N) for Different latitudes in Northen Hemisphere

Month 00 100 200 300 400

January 12.1 11.6 11.1 10.4 9.7
February 12.1 11.8 11.5 11.1 10.6
March 12.1 12.1 12.0 12.0 11.9
April 12.1 12.3 12.6 12.9 13.2
May 12.1 12.6 13.1 13.6 14.3
June 12.1 12.7 13.3 14.0 15.0
July 12.1 12.6 12.8 13.9 14.7
August 12.1 12.5 13.2 13.2 13.8
September 12.1 12.2 12.3 12.4 12.5
October 12.1 11.9 11.7 11.5 11.2
November 12.1 11.7 11.2 10.7 10.0
December 12.1 11.6 10.9 10.3 9.4
 

Estimation of cloud amount

There is no instrument to measure cloud amount in the sky. The international unit of
expressing the cloud amount is the “Okta” or eighth of the sky. The cloud amount is estimated by
visual observations and imagining the spread of clouds that are scattered in different parts of the
sky. The amount of cloud is to be taken as “zero” if the sky is completely cloudless and “Eight”
when it is completely over cast without gaps of any kind.

Assignment –  Calculate the solar radiation at the surface for 22nd meteorological week.
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EXERCISE-15
STUDY OF ORDINARY RAIN GAUGE

Aim

Study about ordinary rain gauge.

Objective

To measure the amount of rainfall by ordinary rain gauge.

Introduction
Water in any form falling on the earth is called precipitation. The main forms of precipitation

falling to the ground are drizzle, rain, snow and hail. Rain is the liquid form of precipitation, wh ile
snow and hails consists of solid ice crystals. Dew and frost are ground precipitation, which do not
fall but form near and ground on the vegetation. Rain is an import form of precipitation and is the
main source of soil moisture for crop production.

Instruments required

Ordinary rain gauge

Rainfall measurement

The principle of rainfall measurement is to measure the depth of the layer of  the water that
has fallen. Five millimetre of rain means if that rainfall is collected on flat surface, the height of water
would have been 5 mm.

Ordinary rain gauge
Description

This rain gauge consists of a funnel, provided with a rim, which is circular and exactly 127
mm in diameter. The rim of the rain gauge is 30 cm above the ground level and 25.4 cm above the
cemented plat form. The rain water collected in receiver is measured with the help of a standard
measuring cylinder provided with the instrument. The capacity of the receiver is 4 litres. A measuring
cylinder calibrated in mm is used to measure the rainfall. The measurement is taken daily at 8.30
hrs IST and 14.00 hrs LMT as and when there is rain. The rainfall of  last 24 hrs is recorded in the
column of observation day.

Measurement of rainfall

The rainwater from the receiver is carefully poured in to the measuring glass kept on the
horizontal surface. The observer maintains his eye at the level of water in the measuring glass.
Reading is noted from the lower meniscus avoiding parallax.
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Care and maintenance

1. The funnel should not get chocked with dirt.

2. The receiver should be always kept clean.

3. The measuring glass should be kept spotless clean.

4. All the parts should be examined regularly for choking and leakage.

While replacing the funnel, see that it is pressed down evenly from all sides.

RAIN GAUGE

Fig.1. Glaisher’s rain and snow gauge
Fig. 2. Graduated measuring glass
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EXERCISE-16
STUDY OF SELF RECORDING RAIN GAUGE

Aim
Study about self recording rain gauge.

Objective
To measure the amount of rainfall by self recording rain gauge.

Instruments required
Self recording rain gauge

Description
This is a natural siphon type rain gauge used for measuring the amount, duration and rate

of rainfall continuously.  The instrument consists of three main parts. 1. Funnel 2. Recording
mechanism 3. Receiver. The receiver consists of float and siphoning chamber. Rain water enters
the receiver through eight inch diameter funnel. A pen is mounted on the stem of the float . As the
level of  water rises in the receiver, the float rises and the pen records continuously the amount of
water in the receivers on a chart placed on a rotating drum with clockwork arrangement. The clockwork
drum revolves once in 24 hrs or 7 days. Siphoning starts automatically when the pen reaches the
maximum point of the chart. If  the rain continues, the pen rises again from the zero line on the chart.
If there is no rain, the pen traces the horizontal line from where the rain stopped.

Rainy day- If the rainfall of a day is 2.5 mm or more then it is called as a rainy day.

Installation
The rain gauge is installed on a level ground, not upon a slope or terrace or roof. It should be

fixed on a masonary foundation of 60 cm X 60 cm X 60 cm sunk in to the ground. The base of the
gauge is cemented in to the foundation so that the rim of the gauge is exactly 30 cm above the
ground level and 75 cm above in case of self-recording rain gauge. This height is necessary to avoid
the rain splash into the funnel. If the height of  the rim were more, the rainwater collected would
decrease because of  the change in wind speed near the gauge

Assignment:-  Measure the amount of rainfall,  note down in the record, compare them  and give
your interpretation.

SELF RECORDING RAIN GAUGE
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EXERCISE-17
STUDY OF DEW GAUGE

Aim
Study about dew gauge

Objective
To measure the amount of dew fall.

Introduction
Dew is the condensation of water vapour from adjacent air layers upon surfaces, cooled

by radiation loss. Foliar absorption of dew is an important factor in survival of natural vegetation in
arid regions. Beneficial effects of dew on crops are due to its absorption by leaves and reduced
transpiration losses. Dew is measured by DUV-Devani Dew gauge and dew album.

Materials required
1. DUV-Devani Dew gauge with dew plates

2. Dew album

Description

The dew gauge consists of four rectangular wooden blocks of size
32 cm in length, 5 cm in breadth and 2.5 cm in thickness. The dew plates
are coated with red oxide. This colour favours the retention of dew deposited
on the blocks.

Exposure

The dew plates are exposed on the clamps fixed to the dew gauge
stand. The stand has provisions to accommodate dew plates at different heights of 5 cm, 25 cm, 50
cm and 100 cm from ground level. The stand is erected vertically on the ground. Everyday dew
plates are exposed just before sunset. The same plate is exposed daily at the same level. The
plates are exposed throughout the year in hill stations but in plains they are exposed from September
to April.

Observation
The amount of dew is generally expressed in g/100 cm2 or in mm of dew. One mm of  dew is

equal to 10 g of dew per 100 cm2. The size, form, shapes and distribution of dew deposited on the
gauge is observed. In the early morning before sunrise, the appearance of dew on dew plates is
compared with a set of photographs contained in the dew album. The photographs in dew album
represent different dew scales and there by the actual dew scales for the day is determined. By
knowing the dew scale number, it is possible to measure dew. First the dew deposited on the upper
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surface of the wooden block is noted, then the block is inverted and deposits on the lower surface
are also observed. The mean of lower and upper surface deposits for each block is recorded.

The water equivalents of dew scale number6

Dew scale number Equivalent dew fall in 
mm

0 No dew 
1 0.020
2 0.045
3 0.075
4 0.110
5 0.160
6 0.210
7 0.270
8 0.350
9 No observation

Care and maintenance

1. The dew plates should not be exposed in the sun during daytime.

2. The surface of the dew plate should not be touched with greasy or dusty fingers.

3. If the plate falls on the ground and becomes dusty or muddy, it should not be wiped out but
to be washed by tap water. Care should be taken not to rub the plates.

4. Dew plates, which are in regular use, should be replaced once within 4 months.

Assignment:- Calculate dew fall in mm from the dew plates.

 

DUVDEVANI DEW GAUGE

110cm

100cm 

50cm

25cm 

5cm
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EXERCISE-18
STUDY OF USWB CLASS ‘A’ OPEN PAN EVAPORIMETER

Aim
Study about USWB class A open pan evaporimeter.

Objective
To measure the evaporation from the free water surface and evaporating power of air layers

near the ground.

Introduction

Evaporation is an important process of hydrologic cycle. Evaporation from the soil is an
important factor in deciding the irrigation water requirements of crops. In modifying the microclimate
of a crop, the evaporation from the soil is an important factor. Hence, the observation on evaporation
is important for crop growth.

Definition
Evaporation is defined as “A physical process in which liquid water is converted into its

vapour”.

Instruments required

1. USWB Class A open  pan evaporimeter with still ing well and measuring bucket

2. Thermometer.

Description
The USWB (United State’s Weather Bureau) class A open pan evaporimeter consists of a

cylindrical reservoir made up galvanised iron or copper or moulded metal with a diameter of 120.7
cm and height of  25.4cm. This reservoir is put on a wooden platform. The pan is painted white. It is
covered with a wire mesh to protect the water from birds. The pan is fil led with water to 5cm below
the rim of the reservoir. The height of the rim is 36 cm above the ground surface.

The rate of evaporation is determined by measuring the height of the water level at fixed
times. There are two methods of measuring the height of  the water level. (1) by hook gauge (2) by a
fixed-point gauge using measuring bucket.

The hook gauge consists of  a movable scale fixed with a hook. The rotating head of the
hook gauge is divided into 100 div isions so that the level of water may be read correct to one
hundredth of inch. The point of the hook indicates water level. The stil ling well of size 10 cm diameter
and 30 cm height on which the hook gauge rests, is placed within the tank. Its purpose is to isolate
a small portion of the water surface in the pan so that it is not disturbed by waves produced by wind.
Now a day the fixed-point has replaced hook gauge system.
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In fixed point gauge the brass pointer is fixed vertically at the centre of the cylindrical still ing
well. The tip of the rod is located at 6-7 cm below the rim of the pan. Three small holes are located
at the bottom of the still ing well to permit the flow of water into and out of the well. At each observation,
the water level is brought to the same fixed point by adding water with the help of a graduated
measuring bucket.

The cross sectional area of the measuring bucket is exactly 1/100th of the area of evaporation
pan. It has a scale of  0-20 mm engraved inside it along the height and the graduation runs from top
to bottom in ascending order. One full cylinder of water rises 2 mm height in the pan. The evaporation
can be measured correct to 0.1 mm.

Units

The rate of evaporation is expressed in depth of  liquid water lost in unit time. The unit of
depth may be mill imetre or inches and time may be a day. Hence, the unit is mm/day or inch/day.

Observations to be recorded
1. Temperature of water in the pan.

2. Amount of water added or removed to bring back level to the tip of the pointer.

3. Amount of rainfall during the past 24 hours.

Observations with fixed-point gauge
There are four situations in which evaporation measurement is done.

Case I: When there is no rainfall, add measured amount of water into the pan by the measuring
bucket up to the tip of the pointer of the stilling well. The quantity of water added to be measured
with the help of measuring bucket, which gives the amount of evaporation.
Case II: When there is rainfall, but the tip of the fixed point gauge remains above the water level,
then add measured quantity of water by measuring bucket till  the water level reaches tip of the
pointer in the stil ling well.

Evaporation = Water added + rainfall during the period.

For example, water added = 5 mm, rainfall during the period = 6 mm evaporation = 5+6 = 11 mm

Case III: When rainfall is more than evaporation and the water level inside the still ing well is above
the tip of the pointer, in this case remove the water to reservoir with the help of measuring bucket
until the level of water comes to the tip of the pointer.

Evaporation = Rainfall during the period – water removed

For example, rainfall during the period = 10 mm, water removed = 5 mm

Evaporation = 10-5 = 5 mm.

Case IV: If  there is heavy rainfall, over flow will take place from the pan, evaporation cannot be
recorded. Hence, ‘overflow’ is written in the weather report.
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Care and maintenance

1. Clean the pan at least in every week in summer season and every fortnight in winter and fill
it up with fresh water.

2. Use stored water for refilling the pan.

3. The evaporimeter should be painted white throughout.

4. Check the pan periodically for leaks and place the pan perfectly horizontal with the ground
level.

USWB OPEN PAN EVAPORIMETER
STILLING WELL
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EXERCISE-19
DETERMINATION OF EVAPOTRANSPIRATION WITH LYSIMETER

Aim

To determine evapotranspiration with lysimeter.

Objectives

1. To acquaint the students with the principle, construction, installation and working of weighing
type lysimeters.

Materials required
Weighing type lysimeter.

Theory

 Lysimeter is a container with soil which can provide a measure of water loss due to
evapotranspiration. These are also known as Evapo-transpirometers and they constitute large blocks
of soil isolated from surrounding soil, but is as identical as possible to the natural soil profile.
Different types of lysimeter range widely in accuracy with which changes in soil water content can
be detected. The most accurate lysimeter can detect water losses as small as 0.01 mm of water
and can be used to detect ET rates over time periods shorter than 1 hour. Other lysimeter are only
sensitive enough to detect changes that occur over a day or longer.

There are basically three types of lysimeters:

1. Non-weighing type lysimeters.

2. Floating type lysimeters.

3. Weighing type lysimeters.

To provide reliable measurements of ET, lysimeter should meet the following criteria:
1. They should be constructed so that the soil-water relationship inside the lysimeter correspond

closely to that of soil under natural conditions.

2. The lysimeters should be sufficiently deep to extend well below the root zone or should use
tension device at the bottom of the soil column to maintain moisture at or near the same
level as surrounding areas.

3. Lysimeter should be managed exactly in the same manner as the surrounding field area.

4. The ratio of  the wall surface area to the enclosed lysimeter area should be small to avoid
small scale advection from the uncropped surface.

Construction

Crop evapotranspiration measurements can be made with the weighing type lysimeter quite
realistically. A simple weighing type of lysimeter can be made by fill ing a small container with soil
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and burying it in the ground. The container can be removed f rom the soil periodically and weighed on
a scale. Weight changes can be measured with a mechanical scale placed below the lysimeter.

Lysimeter installed at the research farm of the department of Agricultural Meteorology is a
weighing type lysimeter. It consists of a large steel container (130 cm X 120 cm X 90 cm) welded at
all four corners. The container is fi lled with soil to achieve the same layer-wise composition and
compaction level as the parent natural soil. The steel tank has a perforated metallic plate bottom at
75 cm depth in order to form a hollow chamber below its bottom and thus facilitate free drainage of
excess water. A tube is installed in the lysimeter, extending upto the bottom of the hollow chamber
to facil itate the removal of percolated water. There is also a tap fitted at the bot tom of the hollow
chamber to drain out excess water.

This container is hung onto a weighing scale. This weighing scale has 2000Kg capacity
with 200 g divisions. This whole apparatus is further enclosed in an outer container (140 cm X 140
cm X 150 cm) which serves as a wall support for the pit in which lysimeter is suspended. The outer
box is left open at the bottom. Wall to wall clearance between the lysimeter and outer container is
approximately 3-5 cm on all sides and air gap area is about 50% of the soil area. A smaller tank (30
cm X 30 cm X 90 cm) also referred to as “Dummy tank” is placed in the gap near the headwork of the
weighing scale so as to prevent overheating of the sides of the field tank.

Installation and working
For the installation of the lysimeter, a trench should be dug in the f ield and layerwise a

volume of  soil equal to that of the lysimeter box be removed. A concrete platform should then be
constructed at the bottom of the trench. Then first the weighing machine should be placed very
carefully on the platform. After this the outer frame work be lowered and installed in the trench.

The inner lysimeter tank and the dummy tank should then be installed in the inner space.
Then adjust the weighing machine to zero.

After this the soil from each 15 cm soil layer that  was kept separate be put back in the
correct order in the lysimeter tank and the dummy tank. In this way the characteristics properties o f
the soil block in the lysimeter would be similar to that of surrounding soil and a comparison of the
ET losses can be made.

The crop grown in the field surrounding the lysimeter has to be the same as the crop in the
lysimeter. Similar agronomic practices are carried out in the lysimeter soil. Every day the weight o f
the soil mass is noted and the difference in weight between two successive measurements is taken
to be equivalent to weight of water due to ET. The amount of water lost for the test lysimeter is
computed as:

1 kg of weight loss = 0.6 mm of water loss.
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Advantages

1. Water loss through ET can be directly measured.

2. It is a very sturdy instrument and has an accuracy of 0.12 mm of ET.

3. It is very easy to operate and there is minimum risk regarding the failure of the instrument.

4. No external power source is required for its operation.

Precautions
1. Lysimeter should be installed in the centre of the field.

2. If any water channel is running through the field, it should be arranged to run at least 15 m
away from the lysimeter.

3. The field should be levelled such that level of the soil in the field and the lysimeter tank be
same.

4. Lysimeter should be managed in exactly the same manner as the surrounding areas.

5. Sensitiv ity of the weighing machine should be checked occasionally.

6. The walls of the lysimeter should be kept painted to prevent rusting.

7. Parallax error should be avoided while taking the weight measurements.

Assignment:- Calculate ET loss from the soil by lysimeter and note it down.

LYSIMETER
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EXERCISE-20

MEASUREMENT OF EFFECTIVE RAINFALL

Aim
Study of measurement of effective rainfall.

Objective
To study about measurement of effective rainfall by empirical methods.

 Empirical methods of determining effective rainfall
i) Soil Moisture Changes
ii) Daily Soil Moisture Balance Method
iii) Integrating Gauge
iv) The Ramdas Method
v) Lysimeters
vi) Drum Technique for Rice
i) Soil Moisture Changes

Water in the root zone may be measured by sampling and oven-drying the soil before and
after every shower of rain. The increase in soil moisture, plus evapotranspiration loss (ETa) from the
time the rain starts until the soil is sampled, is the amount of effective rainfall. After heavy rainfall
evapotranspiration can be assumed to be at the potential rate during the short period from cessation
of rainfall until the sampling time. This can be taken as 0.4 to 0.8 times the evaporation value of the
Class A Pan as is given in FAO Irrigation and Drainage paper No. 24 (1974), or

ER     = M
2 1

ER     = effective rainfall
Eo     = U.S. Class A Open Pan evaporation value
M1 2

kp     = pan coefficient
The method takes into account the soil and the crop characteristics. The determination is

simple and accurate but it may involve errors due to soil variation; the sampling errors may range
from 5 to 40 percent. The method is also laborious and time consuming. The use of neutron probes
reduces the drudgery of periodic soil sampling, but these are costly methods for routine purposes
and also subject to sampling errors.

ii) Daily Soil Moisture Balance Method
A daily soil water balance is rather l ike a bank account. Rainfall and irrigation are on the

credit side, while soil moisture depletion is on the debit side. Precise data on the maximum water
holding capacity (field capacity) is necessary for this method. Any amount in excess of this capacity
is a surplus and will be a deep percolation loss or run-off. When the balance reaches nil, no more
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withdrawal is possible and hence further depletion is treated as water deficiency. Rainfall and irrigation
are directly measured while the evapotranspiration is computed from any of several available formulae.

In irrigated agriculture, the soil water content is never allowed to fall below a certain value
where water becomes a limiting factor in crop production. When water is depleted to the lower limit
of readily available moisture, irrigation is applied. Hence, computations may be based on potential
evapotranspiration (ETp).

In rainfed or partially irrigated areas, where the soil moisture is depleted below the lower limit of
readily available moisture, the computations are to be based on actual evapotranspiration. ETa can be
estimated by using the Thornthwaite and Mather method (l955), that of Baier and Robertson (1966), or
the relationships between ETa and ETp under decreasing soil water content as given by Tanner (1967).

A sample calculation is given below. The water storage capacity of the soil has been assumed
to be 100 mm; irrigation is applied at 50 percent of total depletion. All values are in mm. Of total
rainfall of 625 mm, only 279 mm is effective in this case, which amounts to about 45 percent.

D ate R ain fall ETp Stor age cha nge
in soil

Stora ge balanc e 
in s oil Irrig ation  

Wa te r 
su rp lu s 

(D rainage )
1 10 0 6 94 94 - 0
2  25 8 17 10 0 -  11 
3 0 9 -9 91 - 0
4 0 9 -9 82 - 0
5  0 8 -8 74 -  0
6 0 9 -9 65 - 0
7 10 0 5 95 10 0 60
8  10 0 4 96 10 0 -  96 
9 50 8 42 10 0 - 42

10 0 10 -10 90 - 0
11 0 11 -11 79 -  0
12 0 11 -11 68 0
13 0 12 -12 56 - 0
14 0 12 -12 44 50 0
15 0 11 -11 63 0
16 0 11 -11 72 - 0
17 0 10 -10 62 0
18 0 11 -11 51 - 0
19 0 10 -10 41 50 0
20 0 10 -10 81 -  0
21 0 11 -11 70 - 0
22 0 12 -12 58 - 0
23 0 12 -12 46 -  0
24 50 8 42 - 88 0
25 10 0 6 94 10 0 - 82
26 10 0 5 59 1 00 95 
27 0 10 -10 90 -  0
28 0 10 -10 80 - 0
29 0 10 -10 70 -  0
30 0 10 -10 60 -  0

TO TA L 62 5 27 9 18 8 386  
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iii)  Integrating Gauge

It consists of a rainfall receiver (R) which is connected to a water reservoir (WR), and which
in turn is connected to an evaporating surface (E) representing a crop. The reservoir is provided with
an overf low outlet at the top of the side wall (D). The capacity of the reservoir is adjusted to the
maximum water holding capacity of the soil in question. The rain water above this maximum capacity
flows out and is measured as ineffective rainfall. The evaporating surface loses moisture continuously,
creating a fall in the water level in the reservoir, which is graduated so that the moisture balance can
be read directly at any time.

The device is simple, practical and useful and can easily be set up in the field. The evaporating
surface represents the crop and therefore its size and the porosity of the material are important. The
method is described by Stanhill (1958).

iv) The Ramdas Method

Ramdas (1960) suggested a direct field method using a small portable device containing
soil of the field, so eliminating the necessity of sampling.

RAMDAS APPARATUS FOR M EASURING
EFFECTIVE RAINFALL

The apparatus, as shown in, consists of a
cylinder (CD) of about 30 cm in diameter, with a
perforated base  and a funnel (F) leading into a receiver
bottle (H). All these parts are enclosed in an outer
cylinder (MN). The cylinder (CD) is fil led with a
representative soil with the same density as that of
the field. The height is equal to the depth of the effective
root zone of the crop. The apparatus is installed in
the field crop where the effective rainfall is to be
measured. The crop in the container is irrigated along
with the field crop. Excess rain or irrigation water
drains in the receiver bottle H and is measured from
time to time. The total rainfall minus the ineffective
rainfall gives the value of effective rainfall. It is assumed
that there is no surface run-off. Cylinders of different
lengths are used consistent with the rooting depth of
the different  crops. With a suitable number of
replications, the method is very useful. It is simple
and practical, and furnishes direct readings

A B
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v) Lysimeters

Lysimetry is a method which provides complete information on all the components of water
balance. Lysimeters can be used not only for measuring evapotranspiration but also for checking
empirical formulae for computing ET. The method is similar to the Ramdas method, but is more
elaborate, refined and gives a higher accuracy.

A lysimeter is a large container with soil in which crops are grown; water losses and gains can be
measured. The container is fitted with suitable inlets for irrigation and outlets for drainage. The
lysimeters are buried in the field and are surrounded by the same crop as is grown inside. The size
of lysimeter varies from small oil drums  to large size and deep lysimeters . They can be either the
non-weighing or weighing type.

In non-weighing lysimeters, changes in water balance are measured volumetrically weekly
or biweekly. No accurate daily estimates can be obtained.  Irrigation water is applied to the lysimeter,
A layer of pebbles is placed at the bottom to facil itate easy drainage. Excess water is collected
from below at a suitable distance. A number of crops can be grown in a concentric pattern around a
central drainage chamber. A simple lysimeter can be built at low cost f rom a petrol drum. A tube with
a small diameter is placed through the soil to the layer of  pebbles. Excess water is removed at
frequent intervals by using a thin metal tube open at the bottom which is connected to a receiver
bottle in which suction can be applied using a reversed handpump.

DRAINAGE LYSIMETER SUCTION TYPE DRAINAGE LYSIMETER
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Weighing lysimeters can provide precise information on soil moisture changes for daily or
even hourly periods. The lysimeter is placed inside another tank which is in contact with the
surrounding soil. The inside container is free for weighing by scales. Also, the lysimeter tank can be
floated in water; a suitable heavy liquid (ZnCl

2
) is used whereby the change in liquid displacement is

a measure for the water gain or loss to or from the lysimeter tank. Apart from the high cost, the
major problems with lysimeters are the restricted root growth, the disturbed soil structure in the
lysimeter causing changes in water movement and possibly the tank temperature regime, resulting
in condensation of water on the walls of the container. Harrold and Dreilbelbis (1967) estimated that
errors due to dew formation were in the order of 250 mm per annum. Other l imitations include the
‘bouquet effect’ whereby the canopy of the plants grown in the lysimeter is above and extends over
the surrounding crop, resulting in a higher evapotranspiration rate. In spite of these limitations, it is
the best technique for precise studies on evapotranspiration.

vi)Drum Technique for Rice

et al.
percolation, water requirements and also ineffective rainfall of a rice crop. Three containers (drums)
A, B, and C, of about 40 gallons capacity, 50 cm in diameter and 125 cm high) are embedded in a
rice field leaving about a quarter of their height above ground level. The bottoms of containers B and
C have been removed. To container C, outlet pipes are f itted at 0,5 cm intervals or a sliding strip is
fitted for precise water control.

The outlet pipes can he connected to a water receiver. The containers are filled with soil and
rice is grown inside, along with the adjoining field crop. Water levels in the drums are maintained at
the same level as outside. The difference in the values on two successive days caused by the daily
loss of water in container A, represents evapotranspiration, while in container B, it indicates dail y
total needs of water. The daily difference between water levels in containers A and B is percolation
loss.

Container C is intended to assess ineffective rainfall. The maximum depth of submergence
is governed by the height of the rice crop and height of the field bunds, whichever is less. Any rainfall
which submerges the crop beyond a certain critical height or which exceeds the height of the bunds
is ineffective. As the height of the crop increases, the outlets are plugged or the sliding strip is
pushed progressively upwards ti ll the bund height becomes the limiting factor.

The water level is set at a selected height in container C. This height can be adjusted with
increase in growth of plants. Evapotranspiration and percolation continue and create a deficit every
day. When rain falls, it first makes up this deficit. When it becomes excessive, the surplus flows out
through the outlet pipes. This is the ineffective rainfall. The difference between water levels in containers
B and C is ineffective rainfall. If there are no rains, the water level in container C will gradually reach
the soil surface and the crop will be irrigated according to routine practice. The technique is simple,
inexpensive, easy and practicable. A typical example is given below using a daily balance sheet.
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Date Irrigation 
Daily 
rain 
fall

Drum Evapotran
spiration 

ETA
ETA plus 

percolation  Percolation Ineffective 
rainfall A B C 

1 2 3 4 5 6 7 8 9 10
Previou
s day 0 0 75 75 75 0 0 0 0

1 0 20 90 80 75 5 15 10 5
2 0 40 107 97 75 8 18 10 22
3 0 100 170 160 75 5 15 10 85
4 0 15 85 75 75 5 15 10 0
5 0 0 67 75 57 8 18 10 0
6 0 0 48 38 38 9 19 10 0
7 0 20 51 41 41 7 17 10 0
8 0 60 95 85 75 6 16 10
9 0 70 140 130 75 5 15 10 55

10 0 0 67 57 57 8 18 10 0
11 0 0 49 39 39 8 18 10 0
12 0 0 32 22 22 7 17 10 0 
13 0 0 17 7 7 5 15 10 0 
14 75 0 75 65 65 7 17 10 0 
15 0 30 90 80 75 5 15 10 5 

Total 75 355 - - - 98 248 150 182
Permissible water depth = 75 mm
Column 2: f rom water meter reading
Column 3: from rain gauge records
Columns 4 to be adjusted daily to column 6 reading and 5: and to be observed next day 
Column 6: reading from daily observations 
Column 7: previous day’s column 6 plus column 3 minus column 4 
Column 8: previous day’s column 6 plus column 3 minus column 5 
Column 9: column 8 minus column 7 
Column 10: column 5 minus column 6
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EXERCISE-21

MEASUREMENT OF SOLAR RADIATION
Aim

Study about the measurement of solar radiation.

Introduction

Solar radiation is the source of energy for all the physical processes taking place in the
atmosphere, physiological processes taking place in the plants, evaporation and heating the soil
and air. The sun emits almost a constant amount of solar radiation (1.94 cal/cm2/min) continuously.
It is called the solar constant and is defined as the energy falling in one minute on a surface area of
one square centimetre at the outer boundary of the atmosphere, held normal to the sunlight, at the
mean distance of the earth from the sun. When it enters the atmosphere, it undergoes changes and
losses occur before reaching the earth due to absorption by atmosphere, reflection by clouds and
scattering by dust particles. Solar radiation is received in the form of electromagnetic waves.
Forms of solar radiation

1. Direct solar radiation: The radiation received directly from the sun by a surface is known as
incident or direct radiation.

2. Sky radiation or diffused radiation: The radiation scattered by the suspended particles is
called diffused radiation. It penetrates into plant canopies more effectively than does the
direct solar radiation. In this radiation, about 65 per cent are the photosyntetically active
radiation (PAR) compared to 45 per cent in direct radiation.

3. Global radiation: It is the sum total of direct and diffused radiation received on a horizontal
surface f rom the sun directly and f rom the sky as scattered radiation.

4. Reflected radiation: Solar radiation that is reflected without any change in its quality is
called ref lected solar radiation or albedo. Reflected radiation is very important in remote
sensing studies.

5. Thermal radiation: The radiation emitted by the earth is called thermal or terrestrial radiation.
This radiation heats the atmosphere and is always in the form of longer wavelength.

6. Net radiation: The radiation balance between global and reflected solar radiation is called
net radiation. This is the amount of energy available for processes at the ground surface.

Instruments

1.  Pyranometer

The instrument used to measure total incoming radiation is called pyranometer (previously
called as pyreheliometer). There are different types of pyranometers manufactured by different firms.
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a) Eppley pyranometer

The sensing elements in this pyranometer are a thermopile with black and white segments.
Black bands absorb radiation while white bands reflect it. This temperature difference is
sensed by the thermopile. The output of thermopile is l inearly related to solar radiation.

b) Bellani pyranometer

This consists of a long narrow glass tube with graduation. The top end of  the glass tube is
attached to a spherical glass, which is coated with metal outside and contains alcohol
inside. The spherical glass is enclosed in a glass dome, which allows only short wave
radiation. When solar radiation falls on a metal coated spherical glass, it absorbs radiation
and heats up. The alcohol present in the spherical glass evaporates and escapes into the
narrow tube where it condenses. The amount of alcohol collected in the tube indicates the
amount of solar radiation.

c) Precision pyranometer

This is attached to a rotating drum with a graph paper. It records solar radiation continuously.
The amount of radiation has to be calculated from the graph paper.

d) Licor pyranometer

The total solar radiation is read directly from this pyranometer.

Pyranometer with slight modifications are used for measuring diffused and reflected radiation.
Diffused radiation is measured by shading pyranometers to avoid direct solar radiation.
Reflected solar radiation from a crop surface is measured by exposing the sensor of
pyranometer towards the crop or ground.

e) Albedometer

The pyranometer used to measure reflectiv ity is called albedometer.

The direct solar radiation can be calculated by taking the difference between global radiation
and diffused solar radiation.

2. Net radiometer

Net radiation is measured with net radiometer. It has two pyranometers, the sensors of
which are exposed to earth and sky. The sensor exposed to sky measures the incoming radiation
and the other facing earth measures outgoing radiation.

3. Quantum sensor

Photo synthetically active radiation is measured with the help of quantum sensor. This
instrument is most useful because it measures portion of solar radiation, which is essential  for
photosynthesis. Tube solarimeters contain several quantum sensors fixed at regular intervals on a
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tube. These are useful for estimating the intercepted PAR (IPAR) by the crop canopy.  The PAR
received above the crop surface is measured with quantum sensor. The tube solarimeters kept near
the ground surface measure the PAR reaching the soil through the canopy. The difference between
the IPAR and the PAR near the soil gives the intercepted PAR or PAR absorbed by the crop. It is
measured in Einstein units (Ei) which are equal to one mole of protons.

4. Spectroradiometer

This instrument measures solar radiation in narrow wave bands. This is developed by Indian
Space Research Organisation, Bangalore, which measures radiation at an interval of 20 nm bandwidth
between 400 and 1010 µm wavelength range. This instrument is used to find out the relationship of
crop characters and reflectance. These relationships are utilised to interpret remotely sensed data.

Infrared thermometer

This instrument senses radiation in the range of 8-14 µm wave bands (infrared region). It
measures surface temperature of plants without contact. Plant canopy temperature can also be
measured from a distance and it can be used to estimate water status of plants and to schedule
irrigation.

Units of radiation

In international standard Units (SI), solar radiation is expressed as watts per square meter.
The most commonly used unit of radiation in meteorology is calories per square centimetre per
minute. One-watt energy is equivalent to one Joule per second.

1 watt              = 1 joule/s

1 cal/cm2/min   = 697.93 W/m2

Sunshine recorder

 This instrument is used to measure bright sunshine hours and then to estimate solar
radiation using computational methods. The Campbell Stokes sunshine recorder is used in all
observatories in India.
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EXERCISE-22
STUDY OF BAROMETER

Aim

Study about barometer.

Objective
To measure atmospheric pressure.

Introduction
Pressure is defined as the force per unit area. But the pressure exerted by the atmosphere

on earth’s surface is called atmospheric pressure. It is defined as the pressure exerted by a column
of air with a cross sectional area of  a given unit extending from the earth’s surface to the upper most
boundary of the atmosphere. The standard sea level pressure is given as 1013 mb or 76 cm or
29.92" at a temperature of 150C at 450 North latitude. Atmospheric pressure does not have direct
influence on crop growth. It is however, an important weather parameter in weather forecasting.

Instruments

An instrument called barometer measures atmospheric pressure. There are four types of
barometers:

1. Fortin’s barometer 2. Kew pattern barometer
3. Aneroid barometer 4. Barograph
1. Fortin’s barometer

This barometer is standard and accurate instrument for measuring pressure. It consists of
a small cistern vessel containing mercury with a flexible leather bag and a screw at its bottom. The
mercury level can be raised or lowered with the help of the screw. In the cistern vessel, a glass tube
fil led with mercury is kept inverted. In this vessel there is a pouted ivory pointer. From the lower tip
of this pointer, the zero of the scale starts and therefore, while talking reading, the mercury leve l in
cistern vessel must touch the lower tip. There are two scales on two sides of the tube, one in
centimetres and the other in inches. Vernier calliper is also attached for accurate reading. To take
pressure reading the height of the mercury column is measured on main scale and then Vernier
scale is read.

Atmosphere pressure = MSR + VSR X Vernier constant

MSR:- Main Scale Reading, VSR:- Vernier Scale Reading

The metal scale and the mercury expand dif ferently at different temperature. They are,
therefore transformed to one common temperature, which is zero degree Celsius or 273 0 K. The
gravitational pull changes according to latitude. Hence, the gravitational correction is applied and all
the readings are transformed into one common latitude i.e. 450 N. All the readings are transformed
to sea level height. Thus, three corrections such as temperature, gravity and latitude are applied.
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2. Kew pattern barometer

This is also similar of  Fortin’s barometer, where the cistern vessel is f ixed and has no
adjusting screw. The divisions are made unequal in order to allow rise or fall of mercury column in
the cistern. In this barometer initial adjustment of cistern is not required.

3. Aneroid barometer

This barometer does not contain any liquid. It consists of an evacuated box with a corrugated
sheet of metal lid held in position by means of  a spring to avoid collapse of the top and bottom. This
box is called as siphon cell and is sensitive to change in pressure. When the pressure increases
the cell is compressed and when it is decreases the cell is expanded. These variations are magnified
with the help of levers and are communicated through chain and pulley to the pointer, which moves
on graduated scale. This pointer gives direct pressure reading. This is not an accurate instrument.

4. Barograph

This instrument is used for automatic and continuous record of atmospheric pressure. It is
a special type of aneroid barometer having recording system. It consists of several vacuum boxes
simi lar to aneroid barometer placed one above another. The combined motion of these vacuum boxes
becomes appreciable and then communicated to a level system. The changes are marked on a chart
paper fixed on the clock driven rotating drum. The chart is calibrated in cm or inches on one axis and
hours/day of week on another axis. Thus a continuous record of atmospheric pressure obtained.

Before use, the instrument must be standardized with the help of Fortin’s barometer. This
instrument does not give correct pressure readings. However, it is helpful in recording the barometric
tendencies.

Use of barometer

It is used for approximate forecasting, to measure atmospheric pressure and to measure
the height of a given station above mean sea level.
Atmospheric pressure and weather
All the weather changes are closely related to pressure variations
1. Falling barometer indicates rain or storm (bad weather).
2. Rising barometer indicates fair weather (clear and stable).
3. Steady barometer indicates steady or settled weather.
4. A continually rising pressure indicates occurrence of unsettled
             and cloudy weather.
Units of pressure
The pressure is measured in following units.
1 atmospheric pressure = 29.92" = 76 cm = 760 mm = 1013 milibar
= 101.32 kilopascal (KPA) = 1.014 X 106 dynes/cm2

A.   Fortin barometer

B. Kew pattern barometer

A   B



56

EXERCISE-23

STUDY OF AUTOMATIC WEATHER STATION
Aim

Study about automatic weather station.

Objectives

1. To acquaint with the principle and working of different sensors of the automatic weather
station.

2. To download the recorded weather data from the automatic station and to unload it on the
computer to obtain its output.

Materials required

Automatic weather station with data logger and different sensors (e.g. Campbell Model),
Data storage/transfer module and personal computer.

Construction and Working

For the recording of the weather data meteorological observatories have been established,
where the sensors measuring temperature, RH, wind speed, wind direction, radiation, rainfall etc.
are housed and the readings are recorded manually at fixed times.  Automatic weather station on
the other hand, does not require personal attendance. It can record the weather data continuously
at programmed time intervals which can range from 1 minute to 24 hours. After initial installation,
the system can collect the data automatically.

The automatic weather station consists of mainly three units:

a) Data logger field unit

b) Data logger terminal

c) Data storage pack

a) Data logger field unit

As indicated by its name this part of the automatic weather station is left in the f ield for
collection of  the weather data. All the instructions in the form of computer programmes to collect,
organise and store the data are packed in the field unit. The field unit has 12 analog channels, four
digital inputs, two pulse counters and one frequency sensing channel. All the sensors (to record
data on temperature, RH, wind speed, wind direction, rainfall and solar radiation) are wired to different
appropriate channels of the field unit, according to their specifications for recording the data. The
field unit converts the raw data into practical units of the scientific measure with a CR-10 data
logger.
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b) Data logger terminal

The terminal is used to tell the field unit which sensor to use, what channel these sensors are wired
to, when to store data, and how to label and organise data. It means that all the instructions to the
field unit are given through the terminal. It also helps in viewing the data on the display, check
battery life and see how much memory remains on the data storage pack. It does not have its own
power supply and hence can be connected to the field unit for its working.

c) Data storage pack

The data storage pack (DSP) is used to store the tabulated data in the practical units of scientific
measure. The data storage module can be connected to the data logger field unit for unloading of
the stored data. This unloaded data can then be transferred to a personal computer and stored on
the computer hard disk for permanent record and further analysis.

Sensors of the Automatic weather station

1) Temperature and Relative humidity sensor

The model HMP35A sensor RH and temperature probe and is housed in plate gill radiation
shield with a five feet lead length. This shield helps to eliminate radiation loading the sensor and
also allows ventilation. RH and temperature probe sensors have ± 1% and ±0.30C accuracy at 200C.
Measurement range for RH sensor is 0-100%.

2) Temperature sensor

The model 107 temperature probe is used to measure air temperature. Temperature is
sensed by thermister which is extremely sensitive and exhibit s a large resistance change with
small change in temperature. Soil temperature is measured by 107B temperature probe which is
electrically identical to 107 temperature probe, but is physically more rugged for burial applications.

3) Wind direction sensor

The Met-One 024A wind vane measures wind direction f rom 0-360 degree with a 5 degree
accuracy. The sensor utilizes a potentiometer to vary the sensor resistance in relation to wind
direction.

4) Wind speed sensor

The Met-One 014A anemometer measures wind speed in the range of 0-45 m s-1 (0-160 Km
hr-1).  This sensor is a three cup wheel assembly utilizing a magnet activated reed switch whose
frequency is proportional to wind speed.

5) Radiation sensor

This sensor (LI200S Pyranometer) is designed fo field measurement of sun and sky radiation.
The sil icon pyranometer puts out a current which is dependent upon the solar radiation incident
upon the sensor. The current is measured as the voltage drop across a fixed resistor.
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6) Rainfall sensor

This is a small adaptation of the standard Weather Bureau tipping bucket rain gauge. It measures
rainfall at rates 50 mm per hour with an accuracy of ± 1%. It is designed such that one alternate tip of the
bucket occurs for each 0.25 mm of rainfall. Each tip accurates a magnetic switch. The rain gauge should
be mounted on a level ground and at least 30 cm above the ground surface.

Solar Panel:

The model SX10 solar panel is photovoltaic power source to be used with the data loggers
equipped with rechargeable lead-acid batteries. Install the solar panel so as to have maximum
insolation (i.e., on south side in the northern hemisphere and vice versa).

Storage module:

The SM192 and SM716 storage modules provide the user with a convenient method of
transporting data from the field back to the computer. They are packaged in stainless steel canisters
are suited for use in field conditions. The storage capacity of SM 192 = 192, 896 bytes, and of SM
716 = 716, 672 bytes.

Precautions

1. Instructions given in the operation manual
for installation and connection of various
sensors to the field unit must be followed.

2. Check the battery for voltage regularly.

3. Check the memory of the DSP regularly to
avoid missing of any valuable data.

4. Storage module should not be exposed to
avoid missing of any valuable data.

5. Occasional cleaning of the glass surface
of the solar panel should be done.

6. Do n ot extend the l ead le ngth  of
temperature and RH probe beyond standard
5 foot length as that will result in error in
measurement.

7. Regularly check the wind vane for any
physical damage and ensure that it rotates
freely.

8. Anemometer cups should be regularly
checked for cracks and breaks.
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EXERCISE-24

DETERMINATION OF SOIL MOISTURE CONTENT BY THERMO-
GRAVIMETRIC METHOD

Aim

To determine soil moisture content in soil by Thermo-gravimetric method.

Introduction

Soil is the medium for plant growth. Water is available to plants through soil. The soil is
normally moistened with water. Hence, the term soil moisture and soil water are used synonymously.
Soil moisture also influences the fertility of soil by influencing the microorganisms in soil. For
irrigation scheduling informations on rate of soil moisture replenishment, soil moisture storage etc .
are necessary. Hence, soil moisture measurement is done on routine basis in agrometeorological
observatories.

Method

Thermo-gravimetric method.

Materials

Screw auger for soil sampling,  soil moisture cans, physical balance weighing up to
0.01 g, oven.

Soil moisture observations from bare observatory plot and from crop fields

In the observatory, the soil moisture content is determined as routine work at weekly interval
throughout the year for the depths 7.5, 15, 30, 45 and 60 cm. A suitable plot size of 300 cm X 200 cm is
marked out in observations. The plot should be maintained free from vegetation. The soil samples should
be collected in a systematic manner about 30 cm away from previous sampling point.

 
1 6 11 16 21 26 31 36 41 46 51 
2 7 12 17 22 27 32 37 42 47 52 
3 8 13 18 23 28 33 38 43 48 
4 9 14 19 24 29 34 39 44 49 
5 10 15 20 25 30 35 40 45 50 

LAYOUT FOR MOISTURE OBSERVATION

200 cm

300 cm
Soil moisture observations are recorded from the field where the major crop of the region is grown.
For this purpose points are marked in the crop f ield and soil samples from prescribed or desired
depths are collected right from sowing/planting till just after harvesting. The soil samples are collected
once a week. In case of irrigated field besides weekly, the observations are also made at all depths
just before and two days after the irrigation or rainfall.
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Procedure

Take 30-50 g of a composite sample of soil in a moisture can and cover it immediately with
its lid. Cover the cans with a cloth to avoid heating and loss of moisture before weighing. Weigh the
sample on a physical balance correct to two decimal places in gram. Dry the sample in oven to a
constant weight at 1050C. Weigh the dried sample.

Calculation

Calculate the moisture percentage on dry weight basis by the following formula:

Moisture content (%) =

Where

W 1          = Weight of the empty moisture can

W
2
          = Weight of soil sample before drying

W 3          = Weight of soil sample after drying

(W
2
-W

3
) = Weight of moisture lost

(W 3-W 1) = Weight of oven dry soil

Soil moisture content in terms of percentage can be converted into mm of water by the
relationship

Moisture content (mm/m) =

Where,    Pw   = Soil moisture content on dry weight basis in percentage

              B.D = Bulk density of soil at a given depth in g/cc

               d    = Depth of soil in cm

Precaution

1. No pebbles should be present in soil samples taken for moisture determination.

2. Transferring soil f rom auger to the moisture box should be done as quickly as possible.

3. Soil samples need not be taken when the soil is too wet.

Problem

If the moisture content at 45 cm depth is 60 per cent and bulk density of soil is 1.28 g/cc,
calculate the moisture content in mm/m depth of soil.

Solution

Moisture content =           X 1.28 X 450 = 345.6 mm/m depth of soil

100
ww
ww

13

32

dB.D.
100
Pw
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EXERCISE-25

STUDY OF AGRO-CLIMATIC ZONES OF ODISHA

General

The Odisha state lies in the sub-tropical belt in the Eastern Region of India between 170 52’
and 220 45’ N latitude and 81045’ and 87050’ E longitude. It is the tenth largest state of India in terms
of geographical area. The state has 30 revenue districts, 42 agricultural districts, 314 development
blocks and 51,639 villages. Of the 15.54 mill ion ha of geographical area 35.6% (5.53 mill ion ha) is
under forest while 41.6% (6.95 million ha) is under cultivation.

Soil

Soils of Odisha are broadly
div ided into eight groups viz;

1. Red soil
2. Lateritic soils
3. Red and yellow soils
4. Coastal alluvial soils

including saline soils
5. Deltaic alluvial soils
6. Black soils
7. Mixed red and black

soils
8. Brown forest soils

Climate

Based on climatic condition, the state has four regions, such as hot and dry sub humid,
warm and humid, hot and humid, hot and moist sub humid. Average rainfall of the state is 1482 mm
of which about 88 per cent is received during monsoon season (June to September). Mean monthly
maximum temperature varies from 26.90C in January to 380C in May and mean monthly minimum
temperature ranges between 13.20C in December to 24.80C in May.

Agro-climatic zones

The Indian council of Agricultural Research (ICAR) has divided the country into 129 Agro-
climatic zones to solve the location specific problems so as to increase the crop production. This
zonation has been done by ICAR based on variation in topography, rainfall, temperature and cropping
pattern. In this classification Odisha has ten agro-climatic zones.

AGRO-CLIMATIC ZONES OF ODISHA





63

EXERCISE-26

STUDY OF AGRO-CLIMATIC ZONES & AGRO-ECOLOGICAL REGIONS OF
INDIA

Introductions

The important rational planning for effective land use to promote efficient is well recognized.
The ever increasing need for food to support growing population @2.1% (1860 millions) in the
country demand a systematic appraisal of our soil and climatic resources to recast ef fective land
use plan. Since the soils and climatic conditions of  a region largely determine the cropping pattern
and crop yields. Reliable information on agro ecological regions homogeneity in soil site conditions
is the basic to maximize agricultural production on sustainable basis. This kind of systematic
approach may help the country in planning and optimizing land use and preserving soils, environment.

India exhibits a variety of land scopes and climatic conditions those are ref lected in the
evolution of  dif ferent soils and vegetation. These also exists a significant relationship among the
soils, land form climate and vegetation. The object of present study is to delineate such regions as
uniform as possible introspect of physiographic, climate, length of  growing period (LPG) and soils
for macro level and land use planning and effective transfer of agro - technology.

Agro Climatic Zones 

Agro climatic zone is a land unit in terms of  major climate and growing period which is
climatologically suitable for a certain range of crops and cultivars (FAO 1983). An ecological region
is characterized by district ecological responses to macro - climatic as expressed in vegetation and
reflected fauna and equatic systems. Therefore an agro-ecological region is the land unit on the
earth surface covered out of  agro - climatic region, which it is super imposed on land form and the
kinds of soils and soil conditions those act as modifiers of climate and LGP (Length of growing
period). Within a broad agro climatic region local conditions may result in several agro - ecosystems,
each with its own environmental conditions. However, similar agro ecosystems may develop on
comparable soil, and landscape positions. Thus a small variation in climate may not result  in
different ecosystems, but a pronounced difference is seen when expressed in vegetation and reflected
in soils.

The planning commission, as a result of mid.-term appairasal of planning targets of VII plan
(1985 - 90) div ided the country into 15 broad agro - climatic zones based on physiographic and
climate. The emphasis was given on the development of resources and their optimum utilization in
a suitable manner with in the frame work of resource constraints and potentials of each region.
(Khanna 1989).
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Agro climatic zones of India :-

Sl.No. Agro-climatic zones States represented

 
1 Western Himalayan Region Ladakh, Kashmir, Punjab, Jammu etc. brown soils & silty 

loam, steep slopes.

2 Eastern Himalayan Region
Arunachal Pradesh, Sikkim and Darjeeling. Manipur etc. 
High rainfall and high forest covers heavy soil erosion, 
Floods. 

3 Lower Gangatic plants Regions West Bengal. Soils mostly alluvial & are prone to floods.

4 Middle Gangatic plans Region Bihar, Uttar Pradesh. High rainfall, 39% irrigation, 
cropping intensity 142%

5 Upper Gangatic Plains Region North region of U.P. (32 dists), irrigated by canal & tube 
wells, good ground water

6 Trans Gangatic plains Region Punjab, Haryana, Union territory of Delhi, Highest sown 
area irrigated high

7 Eastern Plateaus & Hills Region
Chota Nagpur, Garhjat hills, M.P, W. Banghelkhand 
plateau, Orissa, soils Shallow to medium sloppy, 
undulating Irrigation tank & tube wells.

8 Central Plateau & hills Region M. Pradesh

9 Western Plateau & hills Region Sahyadry, M.S. M.P. Rainfall 904 mm Sown area 65% 
forest 11% irrigation 12.4%

10 Southern Plateau & Hills Region T. Nadu, Andhra Pradesh, Karnataka, Typically semi and 
zone, Dry land Farming 81% Cropping Intensity 11%

11 East coast plains & hills Region Tamil Nadu, Andhra Pradesh Orissa, Soils, alluvial, 
coastal sand, Irrigation

12 West coast plains & Hills Region Sourashtra, Maharashtra, Goa, Karnataka, T. Nadu, 
Variety of cropping Pattern, rainfall & soil types.

13 Gujarat plains & Hills Region Gujarat (19 dists) Low rainfall arid zone. Irrigation 32% 
well and tube wells.

14 Western Dry Region Rajasthan (9 dists) Hot. Sandy desert rainfall erratic, high 
evaporation. Scanty vegetation, femine draughts.

15 The Island Region
Eastern Andaman, Nikobar, Western Laksh dweep. 
Typical equatorial, rainfall 3000 mm (9 months) forest 
zone undulating. 

 



65







68

EXERCISE-27

MEASUREMENT OF INCIDENT AND REFLECTED SOLAR RADIATION
USING PYRANO-ALBEDOMETER

Aim

To study about measurement of incident and reflected solar radiation by Pyrano-albedometer.

Objectives

1) To measure the incident direct and diffused solar radiation.
2) To measure reflected solar radiation (Albedo).
3) To measure albedo, interception and transmission of solar radiation in crop canopy.

Materials required

Pyrano-albedometer and multivoltmeter

Introduction

Solar radiation emitted by the sun is the main form of energy for all life on earth. Earth
receives in the range of 290-4000 nm wavelength. While the wavelengths of 310-800 nm are useful
for biological activ ities on the earth’s surface, the wavelength ranges below 350 nm are harmful to
life. The solar radiation in its passage through the atmosphere is subjected to absorption, ref lection
and scattering and the irradiance (the radiant energy flux incident on a unit surface area) reaching
the ground surface is limited to the wavelength range 350-3000 nm. The total solar radiation (global
radiation) reaching the earth’s surface consists of both direct and diffused radiation.  Albedo is a
function of both wavelength and angle of incidence and it also depends on the nature of the surface.

Principle and Construction

Pyrano-albedometer consists of two identical hemispherical glass domes, one facing upwards
and the other downwards. Each glass dome contains the sensor. The upper dome i.e., pyranometer
measures the solar irradiance incident on a horizontal surface from the entire hemisphere. Whereas,
the lower dome, i.e., albedometer measures the reflected short wave radiation (Albedo) from the
surface. The sensor portion consists of about 100 copperconstantan thermocouples arranged
circularly and imbedded on a substrate containing Al

2
O

3
 which has high thermal conductivity. Differential

heating of  the thermocouple junction by irradiance generates e.m.f., which is proportional to the
incident energy and is measured by the multivoltmeter as the voltage output. The multivoltmeter
measures the output reading in milivolts (mV), which can be converted into Wm-2 using the calibration
factor for the instrument as below:

1mV                       = 0.083372 cal cm -2 min -1

1 cal cm -2 min-1           = 697.674 Wm -2

Irradiance (Wm -2)   = Measured voltage (mV) X 58.16
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Working

Pyrano-albedometer is used to measure solar irradiance in the wavelength range of 305-
2800 nm incident upon its sensor. It has four differently coloured connections, i.e., green, yellow,
white and brown. The readings from the upper sensor (pyranometer) are obtained with green+yellow
junctions. The readings from the lower sensor (albedometer) are obtained with white+brown junctions.
When the sensor is held horizontally, the total incident solar radiation or reflected short wave radiation
between 305-2800 nm is measured as voltage output from above mentioned differentially coloured
junctions with the help of a multivoltmeter. When the sensor is placed in shade, then it gives the
diffused solar radiation between 305-2800 nm. The incident solar radiation on the top of any surface
is same but the albedo from different types of surfaces such as grass, bare soil surface, water,
metallic road and different crop surface will be different depending on degree of reflection of radiation
by the surface. Albedo can be computed in % as:

Albedo (%) =

Solar radiation transmitted within the crop canopy can be measured by placing the
pyranometer facing upwards at the required depth in the canopy. Solar radiation interception (I) in
percent at depth “x” is given as:

I =

Where S= Solar radiation incident at the top of canopy

            A= Albedo

            T= Transmission at depth “x”

Observations

Readings taken in crop canopy:-

*Incident total solar radiation (W m -2) =

*Incident diffused solar radiation (W m -2) =

*Reflected solar radiation or albedo (%) f rom:-

a) Bare soil =
b) Grass surface =
c) Metallic road =
d) Water surface =
e) Crop surface =

*Transmitted solar radiation at different canopy depths (W m -2) =

*Solar radiation intercepted at dif ferent crop depths (%) =

 
100

in Wmradiation solar incident Total
in Wmradiation solar  Reflected

2-

2

 100
S

T)(AS
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Advantages

1. The total solar radiation incident upon a surface as well as the reflected short wave radiation
(albedo) from the surface can be measured simultaneously with the pyrano-albedometer.

Precautions
1) Keep the glass dome clean by occasionally wiping it with a damp cloth.
2) No moist air should enter the glass dome and leakage must be thoroughly checked f rom

time to time.
3) The instrument is usually held 50-100 cm above the surface over which incident and reflected

radiation measurements are to be made.
4) No physical obstruction should be present within 3 times the height of exposure.
5) The instrument should be held horizontally while recording the observations. The horizontal

position can be checked from the air bubble provided on the instrument.
6) Rain or dew drops on the glass dome may lead to erroneous readings.
7) The instrument must be handled with care and should never be dropped.

PYRANO-ALBEDOMETER
MULTIVOLTMETER
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EXERCISE-28
MEASUREMENT OF SOLAR RADIATION AND ALBEDO USING TUBE

SOLARIMETER
Aim

To study about measurement of solar radiation and albedo by tube solarimeter.

Objectives

1) To measure the incident, reflected and diffused solar radiation.
2) To measure albedo, absorption and transmission of solar

radiation in crop canopy.
Materials required

Tube solarimeters (Delta-T Devices) and multivoltmeter

Principles and Construction

Tube solarimeter (also known as Pyranometer) is
designed to measure total solar irradiance (The radiant energy flux incident on a unit surface area)
incident on its surface in KWm -2. The sensor is tubular in shape and is composed of alternate white
and black painted strips. The sensor consists of copper-constantan thermopile which is encased
within a tube made from Pyrex borosil icate glass. This envelope limits the sensor response to
visible and near infra-red radiation in the waveband 350-2500 nm.

The incident energy flux results in small temperature difference between the black and
white areas, which is converted into voltage output by the copper-constantan thermopile. The black
and white areas are alternated so that when radiation heats one side of the sensor more than the
other, the mean temperature difference between black and white surfaces is not affected. The
voltage output is measured with a multivoltmeter (in milivolts).

Calibration factor: 15mV/ KWm -2

Or, Irradiance (KWm-2  ) =
Working

Tube solarimeter is used to measure solar irradiance incident upon its sensor. When it is
held horizontally with its sensor face upwards, the total incident solar irradiance is measured as
voltage output with the help of multivoltmeter connected to it. The horizontal positioning is ensured
with a sprit level on the sensor. When the sensor is placed in a shade facing upwards, it then gives
the diffused solar radiation. The sensor when inverted facing downwards, gives the ref lected solar
radiation also known as albedo which can be computed in % as:

Albedo (%) =

TUBE SOLARIMETER

15
(mV) voltageMeasured

100
KWmin radiation solar incident Total

KWmin radiation solar Reflected
2-

-2
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Solar radiation transmitted in the crop canopy can be measured by placing the tube
solarimeters at the required depth in the canopy. Solar radiation interception (I) in percent at depth
“x” is given by:

I =

Where  S= Solar radiation incident at  the top of canopy

A = Albedo

T = Transmission at depth “x”

Solar radiation absorbed (ASR) by the canopy is the same as interception by the canopy.
Observations
Readings taken in crop canopy:-
*Incident total solar radiation (KW m-2) =
*Incident diffused solar radiation (KW m -2) =
*Reflected solar radiation or albedo (%) =
*Transmitted solar radiation at different canopy depths (KW m -2) =
*Solar radiation intercepted (absorption) at different canopy depths (%) =
Advantages

1. The tube solarimeter can be used in situation where the distribution of radiant energy is not
uniform, e.g. amongst crop foliage because the length of  the sensor integrates radiation
over large surface areas.

2. The tubular construction of the sensor provides the necessary spatial averaging, while
minimizing the disturbance to the foliage of the plants.

Precautions

1. Keep the tube clean by occasionally wiping it with damp cloth.

2. No moist air should enter the tube solarimeter and leakages must be thoroughly checked
from time to time.

3. Rain or dew drops on the tube can alter the directional sensitivity and may lead to erroneous
readings.

4. The tube must be handled with care and should never be dropped.

5. Avoid any shadow from the operator falling on the sensor.

100
S

T)(AS
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EXERCISE-29
MEASUREMENT OF NET RADIATION USING NET PYRRADIOMETER

Aim

To study about measurement of net radiation by net pyrradiometer.

Objectives

1) To measure net radiation

Materials required

Net pyrradiometer and multimeter

Introduction

Net radiation is the difference between total upward and downward radiation fluxes and is a
measure of the energy available at the ground surface. Also, it is the amount of energy which drives
the processes of evaporation, air and soil heating and energy consuming processes such as
photosynthesis. An expression for net radiation (R

n
) is:

Rn = Rswbal + Rlwbal

Where, R
swbal

 = short wave radiation balance
Rlwbal = long wave radiation balance

Also, R
swbal 

= (R
sw

 – R
sw

 )

          R lwbal = (Rsw – Rlw )

The radiation coming from the sun is short radiation while the radiation originating f rom
earth and plant surfaces consists of long wave radiation. Considering the diurnal variation of solar
radiation and net radiation, solar radiation can be only positive in sign, but net radiation is posi tive
by day and negative by night. Net radiation which is negative at night takes some time to be positive
again after sunrise.

Principles and Construction

The net pyrradiometer is used to measure net radiation. The domes of net pyrradiometer
are made from plastic which allow transmission of radiation of all wavelength directed downwards
towards earth’s surface and upwards away from it. The sensing element is a differential thermopile
separated by an insulating material so that each blackened absorbing surface (top and bottom)
develops a temperature difference proportional to the flux density of radiation impinging upon it. The
temperature difference is translated into a difference in voltage output of the thermopile. The thermopile
sensor of the net pyrradiometer is shielded with plastic domes which are transparent to both short
and long wave radiation. The plastic dome is kept inflated by pumping in air at constant  rate while
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taking the reading. Silica gel is provided in the passage of the air entering the domes so that the
moisture is absorbed from the air and dry air is used to inflate the domes.

Working

A net pyrradiometer is used to measure net radiation. The inst rument is held horizontally
(air bubble should be in the centre) over the measurement surface at 50-100 cm height. Air is
pumped into the plastic domes. When the domes are fully inflated, voltage output is recorded using
a multimeter. The conversion of voltage output into energy units is done as:

1mV = 0.03984 cal cm -2 min-1

1 cal cm -2 min-1 = 697.674 Wm -2

Observations
Measure net radiation over different surfaces.
Rn at grass surface
Rn at bare soil surface
Rn at crop canopy surface

Precautions

1. While taking the observation, plastic dome should be in fully inflated state.

2. The instrument is usually held 50-100 cm above the surface over which observation is to be
recorded.

3. Plastic dome should be clean and free from wrinkles and deposits of foreign matter.

4. No physical obstruction should be present within 3 times the height of exposure.

5. The instrument should be held horizontally while recording the observations which can be
checked from the air bubble on the instrument.
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EXERCISE-30

MEASUREMENT OF PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR)
USING QUANTUM/LINE QUANTUM SENSORS

Aim

To study about measurement of PAR by quantum/line quantum sensors.

Objectives

1) To determine Incident PAR (IPAR) and Reflected PAR (RPAR) at the top of the canopy and
the Transmitted PAR (TPAR) at the ground level.

2) To compute the Absorbed PAR (APAR) by the canopy.
3) To measure the profile APAR.

Materials required
Line quantum sensor and integrating quantum meter.

Introduction
Photosynthetically Active Radiat ion (PAR) is the radiation in the 400-700 nm wave band.

Quantum sensor measures PAR in terms of photosynthetic Photon Flux Density (PPFD). It is the
number of photons in the 400-700 nm wave band incident per unit time on a unit surface. For plants,
400-700 nm wave band of light spectrum is very useful because of its role in photosynthethesis. Net
photosynthesis rates are found to be almost l inearly proportional to the radiation intercepted.

Construction and working

The Line Quantum sensor is usually 1m in length and 12.7 mm in width. It is made from an
array of high stability sil icone photo voltaic detectors placed 2.38 cm apart. These detectors are
placed in a water proof anodized aluminium case with acrylic diffuser and stainless hardware.

The sensor output is connected to an integrating quantum meter along with a calibrated
connector (provided with the sensor). The meter has a provision to read instantaneous values and
also values integrated over 10, 100 and 1000 seconds to give average values over the set time
periods. These average values remove the effect resulting from rapidly changing cloud cover, surface
waves and movement of sensor etc. The readout is by LCD (liquid crystal display), which eliminates
linearity and interpolating problems. The instrument also has provision for connecting to a continuous
recorder. Quantum sensor output is given in µE s-1 m-2. For natural daylight conditions,

Wm -2 = 0.2174 X µE s-1 m-2

Also, 1 µE s-1 m-2  = 1 µmol s-1 m-2

  = 6.02 X 1017 photons s-1 m-2

  = 6.02 X 1017 quanta s-1 m -2
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The line quantum sensor is placed above the crop canopy or in the open to get IPAR. The
sensor is inverted over the crop canopy to get RPAR. The sensor is placed perpendicular to the row
direction of  the crop horizontally at the ground level to get the TPAR. Now,

APAR = IPAR – (RPAR+TPAR)

These values are generally expressed in terms of per cent of the IPAR. To measure profile
APAR, place the sensor at 25, 50 and 75 % of the crop height  and TPAR is noted at respective
heights.

It is generally advisable that if one time reading is to be noted, then it can be done between
1100 to 1300 hours. But if diurnal observations are required, then hourly readings should be noted
from sunrise to sunset.

Observations

Readings taken in crop canopy:-

IPAR =
RPAR =
TPAR =
APAR = IPAR – (RPAR+TPAR)
Readings taken to measure profile APAR:-
TPAR at 25% crop height =
TPAR at 50% crop height =
TPAR at 75% crop height =

Advantages
1) It has a sensitivity of 7µA/100 moles/s/m2.
2) It has a very fast response time of 10 micro seconds.
3) It has very small temperature sensitivity of 0.15 % per 0C.
4) It does not have any effect of ti lt over 45 to 360 0C.

Precautions
1) Instrument should be handled carefully and should not be dropped.
2) Keep the surface of the instrument clean. It can be cleaned with moist cloth.
3) Hold the sensor away from onself while taking the observations.
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EXERCISE-31

FORECASTING CROP STAGES USING GROWING DEGREE DAY (GDD)
CONCEPT

Introduction

The accumulated heat unit system or degree day concept can be used for the prediction of
crop maturity dates in a region. The concept assumes that there is a direct and linear relationship
between growth and temperature. The assumption is that a crop requires a definite amount of
accumulated heat energy for completion of its l ifecycle.

a) Phenology
The branch of science which studies the periodic biological events and their dates of

occurrence in the plant life in relation to the influence of weather is called phenology.
b) Degree Day

A degree day or heat unit is the departure from the mean daily temperature above the
minimum threshold or base temperature.
c) Base temperature

The temperature below which no growth takes place. The value for majority of the plants
ranges from 3.5 to 120C.
d) Photo-thermal unit

The product of degree day and day length on any day is called photo-thermal unit (PTU).
e) Helio-thermal unit

The product of degree day and the number of actual bright sunshine hours on any day is
called helio-thermal unit (HTU).
Objectives

i) To familarize the students with the definition and concept of degree day.
ii) To calculate the growing degree days, photo-thermal and helio-thermal units from the given

data.
iii) To forecast the crop stages on the basis of GDDs

Materials
Data on daily maximum temperature, daily minimum temperature, day length and daily

number of actual bright sunshine hours during the growing period of the crop.
Methodology

i) GDD =

Where (Tmax + Tmin)/2 is average daily temp.  and T b is the base temp. or minimum
threshold for a crop.

b
minmax T

2
TT
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ii) PTU = GDD X Day length (hours).

iii) HTU = GDD X No. of actual sunshine hours.

Assignment

From the given data on daily maximum and minimum temperature, daylength and sunshine
hours, calculate the GDDs, PTUs and HTUs for the wheat crop sown on Nov 1st (taking Tb = 3.5).

Months/Date Tmax. (0C) Tmin. (0C) Daylength(hours) Sunshine hours (No)
1 
2 
3
4
5
6
7 
8 
9 
10
....
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Period and dates for standard meteorological weeks

Period No. Week No. Date
VII 27 02-08 July 

28 09-15
29 16-22
30 23-29
31 30-05 August

VIII 32 06-12
33 13-19
34 20-26 
35 27-02 September 

IX 36 03-09 
37 10-16
38 17-23
39 24-30

X 40 01-07 October
41 08-14 
42 15-21 
43 22-28 
44 29-04 November

XI 45 05-11
46 12-18
47 19-25
48 26-02 December

XII 49 03-09 
50 10-16 
51 17-23 
52** 24-31 

Period No. Week No. Date
I 1 01-07 January

2 08-14
3 15-21
4 22-28
5 29-04 February 

II 6 05-11
7 12-18
8 19-25
9* 26-04 March 

III 10 05-11
11 12-18
12 19-25
13 26-01 April 

IV 14 02-08
15 09-15
16 16-22
17 23-29
18 30-06 May

V 19 07-13
20 14-20
21 21-27
22 28-03 June

VI 23 04-10
24 11-17
25 18-24
26 25-01 July


	Cover reduced dpi.pdf
	Agrometeorology Manual ebook.pdf

