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ABSTRACT

As global warming is due to increase in carbon dioxide (CO2) concentration in atmosphere, a holistic view of
the effects of both elevated CO2 and higher temperatures on pests, diseases and weeds needs to be taken.
Studies on effects of elevated levels of CO2 on pests, diseases and weeds are of recent origin and confined to
laboratories. The indications of effects of elevated CO2 are for (i) a smothering of C4 crops by weeds (ii) an
increase in severity of pest attacks due to effects on crop metabolism and (ii) possible offsetting of effects of
higher temperatures on pests and diseases. The need is for an Integrated Pests and Diseases Management
Programme (IPDM), involving a network of insect and spore trapping stations and application of the concepts
of biofix, economic pest threshold level and critical disease level to data thereof.

Key words: Spore and insect traps, integrated pest and disease management, biofix, economic pest
threshold, critical disease level, holistic approach

Crops are subject to (i) abiotic stresses caused by non-
living factors like high and low temperatures, strong winds,
heavy rains etc and (ii) by biotic stresses caused by living
entities like weeds, pests and disease organisms. Abiotic
stresses are outside human control and are more difficult to
anticipate, control and mitigate than biotic stress factors. This
is because plants, pests and disease organisms are
Poikilothermal i.e. they cannot maintain a constant body
temperature and their life cycles are strongly influenced by
the ambient temperatures of their habitat. The above feature
has facilitated laboratory studies for the determination of (i)
minimal, maximal and optimal temperatures for development
and (ii) day-degree summations above a base temperature
for completion, of important growth stages of a large number
of crop pests, crop disease organisms and plants. Increase in
temperature of the magnitude envisaged in global warming
occur inter-annually at many places and locations. This has
helped in use of pests and diseases, data from multi-location
cum multi date sowings field trials, to study the pre-disposing
temperatures for the incidence, multiplication and spread of
pests and diseases of irrigated crops.

However, it should be remembered that in global
warming, the increase in temperature is due to an increase in
CO

2
 concentration. For any given location and season, carbon

dioxide concentration has always been lower in the preceding
years. This rules out use of field studies on influence of
elevated  CO

2
. Cognizance of influence of elevated CO

2
 on

biotic stresses is of recent origin and studies on the same are
mostly confined to laboratories. A perusal of the limited
literature on influences of elevated levels of CO

2
on biotic

stresses show that they (i) may not affect crop phenology
and optimal thermal requirements of important growth stages
of crops (ii) will affect productivity amongst crops depending
on their photosynthetic pathway and (iii) will significantly
affect, directly or indirectly, the incidence of weeds, pests
and diseases. In the above, elevated CO

2
 may act singly or

together with high temperatures in a synergic or opposing
manner. At the present juncture, the resultant effects of
elevated CO

2
 and high temperatures on biotic stresses cannot

be foreseen for any real-time action for their mitigation. Thus,
it is necessary to take a holistic view of how elevated carbon
dioxide levels and higher temperatures affect weeds, pests
and diseases for initiation of effective prophylactic action
against them.

In light of the above, the reported influences of higher
temperatures and/ or elevated CO

2
 on incidence, growth and

spread of weeds, pests and diseases are detailed. The llkely
scenario of biotic stresses emerging thereof is examined and
suggestions for planned organisation of control measures for
mitigating the negative influences of biotic stresses on crop
productivity are detailed

Effects of climate change

Weeds

Global warming will lead to a poleward increase of
weed affected areas in both the hemispheres. Elevated CO

2

will benefit C
3 
plants more than C

4
 ones (Johnson et al., 1993).

Most of the weeds are C
3
 plants. Global warming will thus

increase the smothering of C
4
 crops by weeds. From the points
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ABSTRACT

Agro meteorological conditions cause wide fluctuations in growth, development and yield of finger millet crop.
Crop performance data on the popular finger millet crop variety INDAF-8, collected from field experimentation
at Bengaluru during the period 1985-2001 was used to understand the role of the weather on finger millet
yields. Among 10 weather variables / indices studied minimum temperature (Tmin), diurnal temperature range
(DTR) and moisture adequacy index (MAI) were found to influence finger millet yields. Tmin during 4th to 8th

fortnight after sowing (FAS) and MAI during 8th FAS were found to have a strong positive correlation with
yields. DTR at 6th FAS and the frequency of days in a season above a threshold value of 11°C were found to
have an impact on the finger millet yields. Step-wise regression technique resulted in identifying Tmin and MAI
as critical weather parameters influencing the yields. An yield prediction model was developed that uses Tmin

during 4th to 8th, DTR at 6th FAS and MAI during 8th FAS accounted for 63% variability in yields.

Key words: Finger millet, minimum temperature, moisture adequacy index, agroclimatic analysis,
Southern Karnataka

Finger millet (Eleusine coracana L.) is the third most
important millet grown in many states of India under diverse
situations of soil, temperature and rainfall. It is popularly
known as ragi in India. Karnataka ranks first in the country
with more than 40 per cent of its total dry-land area under
finger millet cultivation and accounting for more than 50
per cent production in the country. Agrometeorological
conditions cause wide fluctuations in growth, development
and yield of finger millet crop. Patnaik (1968) observed
significant positive correlation between days to heading and
plant height with finger millet yield. Grains per ear and ear
length were also positively correlated with yield to a moderate
degree. Venkataraman et al., (1986) studied
evapotranspiration (ET) of kharif ragi under no moisture
stress conditions during day and night. Their finding
suggested that day time value of ET would be about 1.5 times
the value of ET of the day as a whole. Ganesan and Ahobala
Rao (1989) found that the duration to flowering in the case
of ragi is positively correlated with average temperatures
and average evaporation. Finger millet tolerates cooler
climates than other millets, and is also known to thrive well
under moderate temperature conditions. It grows best where
the average maximum temperature exceeds 27°C and the
average minimum does not fall below 18°C. Though it thrives
under hot conditions, the effects of above normal
temperatures on finger millet are still unknown.
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The crop-weather relationship of finger millet is not
much explored by the scientists and hence an attempt is made
to study the relation of finger millet with weather, which
may help in the better understanding of the crop response to
weather aberrations. This may ultimately culminate in the
development of a finger millet yield prediction function for
Karnataka state.

MATERIALS AND METHODS

In the present study, data on finger millet crop for
Bengaluru location (12° 58' N, 77° 35' E) from 1985 to 2001
were utilized. The yield and ancillary data of finger millet
crop variety Indaf-8 grown during kharif season were
collected from the All India Coordinated Research Project
on Agrometeorology (AICRPAM) center at Bengaluru.
Information on sowing and harvesting dates with the
corresponding yields in different years are presented in
Table 2.

The soil of the test site is red sandy clay loam and the
crop was sown 30 x 7.5 cm spacing using seed cum fertilizer
drill. A basal fertilizer dose of 50:27:25 kg NPK ha-1 was
applied. A seed rate of 6 kg ha-1 was used in all the years.
The soil has a field capacity of 10 to 21% and wilting point
of 6.5 to 13% with a depth of 2 m. The soil is slightly acidic
(pH = 5.5) and low in available N (0.4 to 0.7 kg ha-1) and
medium in available P

2
O

5
 (6 to 12 kg ha-1) and K

2
O (80 kg
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ABSTRACT

Rainfed agriculture is practised in arid, semi-arid and dry-sub-humid- regions of the country. The climate
projections are reported generally at the all India level or at the resolution of grids of different dimensions. This
paper attempted to derive and report the climate projections given by the PRECIS for A1B scenario in the form
agriculturally relevant variables for 220 districts where rainfed agriculture is predominant. Districts with an
average rainfall of less than 1500 mm and are included either in DPAP or DDP and those with less than 30 per
cent of net sown area under irrigation are included in the study. The climate projections provided at a grid size
of 50 x 50 km are converted into district level estimates. Annual rainfall is projected to increase by more than
five per cent in 173 districts and decrease by more than five per cent in 42 districts during the mid-century
compared to the baseline. The later part of the century is likely to be much wetter with 205 districts showing an
increase in rainfall by more than five percent and only five districts projected to receive relatively less rainfall.
The number of rainy days is projected to not change much in a majority of districts during the both periods.
The end-century is likely to witness much variability in the onset of monsoon, which is projected to arrive late
by more than five days in 42 districts. Incidence of drought is observed to increase in 62 districts during mid-
century and in 134 districts during the end-century. The average maximum temperature is projected to increase
by 1.5 to 20C in a majority of districts during mid-century and by more than 20C in a few districts. Temperature
is likely to be much warmer during the end-century with projections of 3.5 to 40C in most districts. These
projections have implications to planning and targeting technology development and transfer as well as planning
for development interventions.

Key words: Rainfed agriculture, climate change, PRECIS, rainfall, drought incidence

Agriculture in India is largely rainfed with nearly sixty
per cent of the 142 m ha of net sown area having no access to
irrigation (Venkateswarlu and Rama Rao, 2010). Rainfed
agriculture, often referred to as dryland agriculture, is
practised in areas that are relatively warmer – arid, semi-
arid and dry-sub-humid- regions of the country. In these
regions, the annual precipitation falls short of the potential
evapo-transpiration demand. This together with lack of access
to irrigation results in agriculture that is dependent on
monsoon rains which are known to be inadequate, erratic
and undependable. Not only is the course of the monsoon
during a season unpredictable, but also the inter-annual
variation in the rainfall is high in these regions. Traditionally,
rainfed regions are major producers of coarse cereals, pulses,
oilseeds and cotton. Majority of coarse cereals (87.5%),
pulses (87%), oilseeds (77%) and cotton (67%) are largely
grown on drylands (CRIDA, 2007). Changing and
increasingly variable climate, another important issue
increasingly recognized as a formidable challenge to ensuring
food security in developing countries and engaging the global
community, adds the dimensions of urgency and complexity
to the problems of rainfed agriculture.

There is now adequate evidence about the impending
climate change (CC) and the consequences thereof. The fourth
assessment report of IPCC observed that ‘warming of climate
system is now unequivocal, as is now evident from
observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice, and rising
global sea level’ (IPCC, 2007). Climate change is increasingly
recognized as a potent threat to agriculture in general and to
food security in particular of global populations. Climate
change projections made for India indicate an overall increase
in temperature by 1-40C towards 2050s and precipitation by
9-16% (Krishnakumar et al., 2011). Climate change and
variability also manifests not only in the form of changes in
onset and withdrawal of monsoon, incidence of extreme
events such as droughts and floods, number of rainy days,
annual rainfall which have implications to agriculture.
Climate change projections are generally reported at regional
scale or at a spatial resolution of grids of different sizes which
are essentially downscaled from the outputs of a particular
global circulation model. Thus, they are not at consonance
with the scale at which the planning for agricultural
development is made. In India, district is the administrative
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ABSTRACT

The paper presents results from a field experiment conducted at Agricultural Research Station, Dharwad
Farm, Dharwad from 1997-2004 in order to develop weather based forecast models for Alternaria disease
on four cotton genotypes (LRA-5166, Laxmi, DCH-32 and Jayadhar) grown in multiple growing
environments. Lead time concept was used to statistically analyse the data to identify sensitive
meteorological variables at different lead weeks and develop disease forecast models. Analysis was
performed for disease initial, progress and peak stages individually. Minimum temperature during initial
and progress stages of disease (August and September months respectively), and afternoon relative
humidity during peak stage of disease (October) was identified as critical to forecast the Alternaria blight
disease in cotton genotypes.

Key words: Alternaria blight, disease forecasting, cotton, regression models

INTRODUCTION

Cotton is an important crop for the economic
sustenance of India and livelihood of its farming
community. India accounts for about 32% of the global
cotton area and contributes to 21% of the global produce,
currently ranking second in the world. The cotton disease
scenario has shown a considerable change during the past
half a century. Amongst these, Alternaria blight is an
important disease known to occur in India since 1920s
and has caused several epidemics during the 1960s
(Srinivasan, 1994), severe yield and financial losses. The
disease was observed to be serious during 2010-11 season
in Gujarat’s Saurashtra area (2.0-15.0%) and
Maharashtra’s Rahuri (10.2-35.8%) and Nanded (5.0 -
21.5%) and in south zone states i.e., Karnataka (5.0 -
30.0%), Andhra Pradesh (10.0 - 54.6%) and Tamil Nadu
from 12.6 to 38.8% (Anonymous, 2011). Any reduction
in its incidence will result saving of fungicide and increase
in yield. One of the methods of reducing the yield losses
and increasing the savings is by following the
agrometeorological approach of weather based disease
forewarning, and adoption of need based management
practices. For efficient use of fungicides, it is necessary
to have prior knowledge of its incident levels. Gowdar et
al. (2007) analysed the relations between Alternaria blight
in cotton and weather variables on individual year basis
from 1998-99 to 2000-01 at Raichur with contrasting
results each year. The present paper attempts to develop
weather based relationships for Alternaria blight in cotton,
considering the disease progression, data pooled over a
period of eight years and using the lead time concept,
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which will be a step forward towards agrometeorological
disease management programs.

MATERIALS AND METHODS

Cotton crop (four genotypes LRA-5166, Laxmi,
DCH-32 and Jayadhar) was grown in different growing
environments, with dates of sowing covering from June
to July each year in the disease endemic experimental farm
of Dharwad Agricultural Research Station, from 1997-
2004 with recommended agronomic practices. The crop
was monitored for appearance of Alternaria blight. The
disease incidence was recorded on lower, middle and upper
leaves as per standard scale (0 to 4) and the observations
were made on randomly picked 50 leaves from 10 plants.
The values were averaged and Percent Disease Index (PDI)
was calculated for individual standard meteorological
weeks as per standard method.

The data were analysed separately for the different
phases of disease. Correlation analysis was performed
between the weekly PDI and different meteorological
variables using Lead Time concept (Venkatesh and Balikai,
2001; Venkatesh et al., 2008) to identify sensitive
meteorological variables at different lead periods of zero,
one and two weeks. Step wise regression analysis was
performed to estimate Alternaria disease at lead weeks of
two, one and zero. The analysis was performed separately
for - initial (August), progress (September) and peak level
(October).
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ABSTRACT

A study was undertaken to analyze the climate variability and trends to have an idea of the probable impact of
future trend scenarios on the productivity of wheat at Hisar and Sirsa representing western agroclimatic zone
using CERES-Wheat model. The study revealed a decreasing trend in maximum temperature during 1977-
86, 1987-96, and 1997-08 period. The mean solar radiation values at Hisar were found to be higher during the
rabi season than at Sirsa. However, mean minimum temperature (9.1 °C) observed at Hisar during rabi season
was lower than that observed at Sirsa (9.9°C). In the recent past (1997-08) period, both maximum and minimum
temperatures exhibited increasing trend in rabi season both at Hisar and Sirsa. However, the magnitude of
increase in maximum (0.188°C) and minimum temperatures (0.053°C) at Hisar was more when compared
with (0.102°C) and (0.031°C) at Sirsa, respectively. During rabi season, rainfall showed overall increasing
trend both at Hisar and Sirsa. However, in the recent past (1997-08), the rainfall activities during rabi season
decreased @ 5.673 mm and 2.208 mm year-1 at Hisar and Sirsa, respectively. CERES-Wheat model projected
18.27 and 16.31 per cent decrease in grain yield of PBW-343 when both temperatures (maximum and minimum)
were increased by 2.5°C at Hisar and Sirsa, respectively.

Key words: Seasonal climatic variability, wheat productivity, crop modeling, DSSAT, Haryana

Climate change and variability, both natural and
anthropogenic, cause a wide range of direct and indirect
impact on natural and human systems. Studies on crop
production are traditionally carried out using conventional
experience-based agronomic research through field
experiments, in which crop production functions are derived
from statistical analysis without referring to the underlying
biological processes. The impact of climatic variability on
yield of crops is generally studied by simulation approach,
which is relatively less expensive and laborious, time saving,
and easy than actual experimentation. It is important to know
how climatic change will affect growth, development, water
use and productivity of the wheat (Triticum aestivum L.) crop
in India, which is one of the important staple food crops,
accounting for 35% of the food grain production of the
country. The demand for wheat is likely to be over 130.0 Mt
by 2050. The requirement of enhanced production from the
same or even shrinking resources in adverse environmental
change scenarios would be a very Herculean and challenging
task. The DSSAT models simulate crop growth, development
and yield taking into account the effects of weather,
management, genetics, soil water, carbon and nitrogen. The
models describe the phenological development through the
crop life cycle using the degree-day accumulation. Realizing
the importance of modeling techniques under climatic

variability scenarios for micro-level/farm-level planning and
the contribution for sustainable wheat productivity in
Haryana, the study was under taken to assess the seasonal
climatic variability and its impact on wheat productivity while
using crop modeling techniques.

MATERIALS AND METHODS

Impact assessment of seasonal climatic variability on
productivity of two wheat growing areas in Haryana state
viz., Hisar (29.10°N, 75.46°E, 215 m above mean sea level)
and Sirsa (29.14°N, 75.18°E, 248 m above mean sea level)
were studied. In order to evaluate impact of climate variability
on the yield of wheat, the historical daily weather data
(maximum and minimum temperature and rainfall) of rabi
season (October to March) and productivity data for the past
32 years (1977-2008) of Hisar and Sirsa were evaluated. The
weather data were collected from observatories situated at
Crop Research Farm of Department of Agricultural
Meteorology, CCS HAU, Hisar and Meteorological
Observatory, Sirsa. The productivity of wheat of these
locations for above period was collected from statistical
abstracts of Haryana. Mean, standard deviation, coefficient
of variation and slope/trend in weather parameters during
rabi season during 1977 to 2008 for both the locations were
analyzed. The DSSAT (Decision Support System for
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ABSTRACT

Classification of Indian geography based on climate was done long back. The climate datasets used in such
studies were very old from now. Climate change literature about India showed enough evidence of rising
mean temperatures during post 1970 period. The rising temperatures would affect potential evapo-transpiration
and consequently aridity is expected to increase at least at the macro level though there may be spatial
variation at a smaller geographical scale. It is considered important to reassess state-wise extent of area
under arid, semi-arid, dry sub-humid climates using more recent climatic data. The present study used 0.5° x
0.5° grid level rainfall data and average potential evapo-transpiration for 144 stations located across India for
the time period 1971-2005 to compute moisture index needed for delineation of different climatic zones. The
study examined state-wise changes occurred in the area under arid, semi-arid zones over time. Arid region
was found to increase in Rajasthan, Gujarat and Karnataka. Semi-arid zone has expanded in Madhya Pradesh,
Uttar Pradesh, Andhra Pradesh, Maharashtra and Tamil Nadu. Some of the moist sub-humid pockets in Orissa,
Chhattisgarh and Jharkhand turned dry sub-humid. The revisited moisture availability calls for a relook at
choice of crops in the states. An attempt was made to estimate state-wise net sown area experiencing moisture
stress when climate and irrigation components are considered together. About 40 % of net sown area (56 m
ha) of India is under dry climate and constrained irrigation. It is mainly concentrated in Maharashtra, Rajasthan,
Karnataka, Gujarat and Andhra Pradesh. Appropriate developmental programmes are to be planned in the
regions getting drier.

Key words : Grid level data, rainfall, potential evapo-transpiration, moisture index, climatic
classification, drylands

About two-thirds of the Indian population still depends
upon agriculture for their livelihood. Choice of crops in a
region is driven by, among other things, the availability of
soil moisture in the region that supports crop growth. It is
for this reason that delineation of homogeneous soil climatic
zones based on availability of soil moisture has been a thrust
area for the researchers. Soil moisture availability in a region
depends upon rainfall received and temperature coupled with
micro climate including soil texture and flora which
eventually affects evapo-transpiration in the region. Several
researchers made attempts to assess soil moisture availability
in a region.

Thornthwaite (1948) introduced the concept of water
balance. He compared the potential evapo-transpiration with
precipitation in order to obtain a moisture index. Based on
the value of moisture index the climatic types namely per-
humid, humid, moist sub-humid, dry sub-humid, semi-arid
and arid were delineated. Based on this method Carter (1954)
classified the climate in India. Subrahmanyam (1956)
subdivided the major climatic types into sub types on the
basis of moisture deficiency or surplus during winter and
summer seasons. Krishnan (1969) classified the arid and

semi-arid zones of India by utilizing not only ‘normals’ of
meteorological observatories but also those of state rain-
gauge stations which are considerably more. The state wise
area under arid and semi-arid zones was determined.

The method of computing the water balance in
Thornthwaite (1948) method was improved by Thornthwaite
and Mather (1955). They introduced into the formula the
moisture holding capacity of the soil as well as an exponential
depletion pattern of soil moisture during dry period. As shown
by Venkataraman and Krishnan (1992), using average annual
data, this method reduces to MI = [(P-PE)/PE]100; where P
= Rainfall and PE = Potential Evapo-transpiration. The
modified criteria was adopted by Subrahmanyam (1956) for
mapping climates of India. Rao et al., (1972) also used this
method to classify India’s climate.

Sehgal et al., (1992) divided the country into 20 agro-
ecological regions with physiography, climate, soils and
length of growing period as delineating parameters. The
classification was done by superimposing these four layers
of information which however required some smoothening
resulting in a coarse resolution for climate delineation. Gore
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ABSTRACT

Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) is one of the important insect pests on soybean in
Maharashtra where frequent outbreaks of this pest have been recorded in recent years. Analysis of pest
surveillance data indicated that S. litura incidence was early and severe with above the economic threshold
levels in 5 districts of Maharastra during rabi 2009. However, its incidence was low and delayed during 2010,
2011 and 2012 seasons, showing inter-annual variability. Analysis indicated occurrence of widespread and
frequent rainfall during June-September as reflected in greater number of rainy days, rainfall events of >20
mm and >40 mm during low incidence years of 2010-12. Studies with rainfall simulator also indicated that high
rainfall events of 42.3, 61.7 and 77.7 mm imposed two days prior to moth emergence resulted in significantly
lower adult emergence (63.4, 57.2 and 45.3%, respectively) compared to higher adult emergence in control
with no rain (87.8%). S. litura outbreaks were observed in seasons experiencing delayed planting of soybean
due to late onset of monsoon, coupled with fewer than normal rainy days and rainfall events of >20 mm during
June to mid-August. Two forecast models developed to estimate S. litura population by end of July and by
mid-August based on crop age and rainfall variables explained 70 and 80% variation in pest incidence across
season. These models can be used to estimate S. litura severity on soybean in 15 endemic tehsils across 5
districts in Maharashtra.

Key words: Spodoptera litura, pest surveillance, rainfall, moth emergence, forecast

Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)
is one of the most important insect pests of agricultural crops
in the Asian tropics. It is widely distributed throughout
tropical and temperate Asia, Australasia and the Pacific
Islands (CIE, 1967). The host range of S. litura covers at
least 120 plant species. Most work on S. litura in India where
it is a serious pest on a range of field crops has been confined
to its economic impacts. Groundnut, tobacco, cotton, short
duration pulses and vegetables are among the main crops
damaged by S. litura. Soybean is a preferred host for S. litura
(Sharma, 1994) and has a record of outbreaks in the years
1997, 2005, 2008 and 2009. The pest reportedly damaged
about 1.4 m ha of soybean during the 2008 season in the
Vidarbha region of Maharashtra. S. litura larvae cause
extensive defoliation in soybean (Higuchi et al., 1991). The
defoliation during the pre-bloom stage of crop growth had
no marked influence on grain yield, while number and weight
of pods and grains per plant were reduced when defoliation
occurred at or after blooming (Bhattacharjee and Ghude,
1985). The defoliation during the pre-bloom stage of crop
growth had no marked influence on grain yield (Bhattacharjee
and Ghude, 1985). They also indicated that the number and
weight of pods and grains per plant were reduced when
defoliation occurred at or after blooming.

S. litura larvae after feeding for 9-14 days and
accumulating 303 degree-days, enter into a ‘wandering phase’
to locate a suitable site for pupation. Pupation lasts for about
7 to 10 days or requires 155 degree days above a threshold
of 10°C after which adults emerge from the pupae. The
complete development of S. litura from egg to adult takes
about 3.5 to 4 weeks or requires 552 degree days (Ranga
Rao et al., 1989). Ecological studies were helpful in
forecasting outbreaks of S. litura (Selvaraj et al., 2010). It
has been reported that rainfall influences Helicoverpa adult
emergence and thus indirectly its onset, build up and
synchrony with suitable crop stages (Murray and Zalucki,
1990). In this paper, we investigated the effect of rainfall on
S. litura outbreak using pest surveillance data collected over
a four year period (2009-12) across all soybean growing
tehsils in Maharashtra. We also tested the influence high
intensity rainfall (>40 mm) using rainfall simulator on pupae
and subsequent adult emergence of S. litura.

MATERIALS AND METHODS

Pest surveillance and weather data

Tehsil-level pest data were collected at weekly intervals
for four years (2009- 2012) under the state-wide crop pest
surveillance and advisory project (CROPSAP) sponsored by
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ABSTRACT

The impact of projected climate change (2071-2100) of A2 scenario and its likely impact on groundnut yield of
Saurashtra region of Gujarat using PRECIS output of A2 and Baseline (1960-1990) were studied. Baseline
and A2 scenario yields were simulated using DSSAT (v 4.5) model. Experimental data of the Dry Farming
Research Station, Rajkot for kharif seasons of 2009 and 2010 were used to calibrate and validate the model.
The study was extended to the regional level for Rajkot, Bhavanagar, Kesod and Bhuj districts to simulate
groundnut yields. Widely cultivated groundnut cv. GG-2 and GG-20 with two dates of sowing (D1 – Onset of
monsoon and D2 – 15 days after D1) were considered for the study. Results revealed that the pod yield of
groundnut is likely to decrease during the projected period by 20 to 34% in different districts (Rajkot, Bhavanagar,
Kesod and Bhuj). Further delay in the sowing (15 days after onset of monsoon) reduces the pod yield by 2 to
7%. The biomass of groundnut may decrease by 20 to 36% and the LAI will decrease even more (42-47%).
The duration of anthesis date of groundnut may get reduced by 23 to 36% while maturity date reduced by 7-
16% in different districts of Saurasthra under projected period (2071-2100) as compared to the baseline
period. Reduction in groundnut phenological duration, growth and development under projected climate might
be attributed only because of air and soil temperatures above optimum can cause significant yield loss in
peanut. The results of this study call for immediate long and short term adaptation and mitigation action for
sustainable groundnut production.

Key words: PRECIS, simulation, DSSAT, climate change, projected climate

Groundnut is an important grain legume crop and is
grown as a principal source of edible oil and vegetable
protein. About 90% of the world’s peanut production occur
in the tropical and semi-arid tropical regions, which are
characterized by high temperature and low or erratic rainfall.
In the tropics, most of the crops are near their maximum
temperature tolerance; therefore, crop yields may decrease
even with minimal increases in temperature. The mean
optimal air temperature range for vegetative growth of peanut
is between 25 and 30° C, which is warmer than the optimum
range of reproductive growth, which is between 22 and 24°
C (Wood, 1968; Cox, 1979; Ong, 1984). Both short- and long-
term exposure to air and soil temperatures above optimum
can cause significant yield loss in peanut (Dreyer et al., 1981;
Ketring, 1984; Golombek & Johansen, 1997; Prasad et al.,
1999). Mohamed et al., (2002) reported that in 2025,
production of groundnut is estimated to be between 11 and
25 % lower in the West African Sahel region. India accounts
5.3 million hectare area with 5.5 million metric tonnes
production with a productivity of 1.04 t ha-1 for groundnut.
Crop production is largely affected biophysically by
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meteorological variables, including rising temperature,
changing precipitation regimes and increased atmospheric
carbon dioxide level. The biophysical effects of climate
change on agricultural production will be positive in some
agricultural systems and regions, whereas it is negative in
others and these effects will vary through time.

Various crop models are being used in optimizing
natural resources to assess the impact of future potential
climate on crop production (Rosenzwieg and Iglesias, 1998;
Rosenzwieg and Parry, 1994). Assessment of impact of
climate change on crop production using simulation approach
is usually associated with two uncertainties. One deals with
predicting climate change scenarios using General
Circulation Model (GCM). The other relates to simulation
models themselves. In this paper an attempt was made to
evaluate the likely impact of climate change on groundnut
yield of Saurashtra region of Gujarat under different realistic
hypothetical situations and for this, user friendly version of
DSSAT, a generic simulation model was used.
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ABSTRACT

Weather generator was evaluated for generation of daily precipitation and air temperature in selected mandals
of Hayatnagar, Yacharam and Rajendranagar in Southern Telangana region of Andhra Pradesh. A 31-year
(1980-2010) weather data of the selected mandals was used for generating the long term time series from 1980-
2050. The model results were validated over the period from 1980-2010. The model generated series has
similar characteristics of observed series with respect to weekly and monthly rainfall, daily maximum and minimum
temperatures. The long term data were subjected to trend analysis for all three sites. There is projected increase
of 10.5, 4.65 and 5 per cent of annual rainfall in Yacharam, Hayatnagar and Rajendranagar mandals respectively
by 2050. However, the trend analysis in the seasonal rainfall indicated an increase of 13.8, 7.2 and 6.7 per cent
in Yacharam, Hayatnagar and Rajendranagar mandals respectively by 2050. Maximum temperature showed
increasing trend and minimum temperature showed decreasing trend by 2050 in all selected mandals.

Key words : ClimGen model, rainfall analysis, weather generator, rainfall-temperature trend analysis.

Rainfed farming maily depends on monsoon rainfall.
Weather is a key determinant in agricultural production,
particularly in rainfed cropping systems commonly found in
tropical and arid regions (Tingem et al., 2007). Application
of simulation models to represent such agricultural system
normally requires observed long term daily rainfall data. But
the range of observed rainfall data recoreded at many sites is
often insufficient to allow a good mangament of farming
system. Weather generators are now widely used by
researhcers from many different background in conjuction
with their impact model and are becoming a standard
component of decision support system in agriculture,
environmnetal managment and hydrology.

ClimGen weather generator is an effective tool for the
parameterization of weather data and the generation of long-
term weather data (McKague., et. al., 2005). ClimGen
performs well in the simulation of weather data series. The
generated weather series is similar to the observed data for
its distribution of monthly precipitation and its variances,
monthly means and variance of minimum and maximum air
temperatures. This has relevance for agricultural modeling

applications where there is a limited observed record
(Munang Tingem., et, al., 2007). The objective of this study
is to evaluate ClimGen weather generator for selected sites
in Ranga Reddy district of Andhra Pradesh. Validation of
this model at different sites would offer the opportunity to
evaluate the long term effects of rainfall on rain water
management, crop yeilds, hydrological and ecosystems, since
a limited observed record of historical data has several
limitations.

MATERIALS AND METHODS

Study area

Three sites in Ranga Reddy distrcit namely Yacharam,
Hayatnagar and Rajendranagar of Southern Telangana (Fig.1)
was used to generate long term synthetic climate data of
precipitation and air temperature using a ClimGen weather
generator. The average annual rainfall at Yacharam,
Hayatnagar and Rajendranagar as observed from past record
of rainfall data (1980-2010) is 739, 684 and 797 mm
respectivly. The Geo referance of the three study sites of
Ranga Reddy district are presented in Table 1.
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Table 1 : Georeference of the three study sites in Ranga Reddy dsitrict

Location Latitude Longitude Elevation (m) Annual rainfall (mm)

Yacharam 17.08° N 78.66° E 632 739.0
Hayatnagar 17.20° N 78.35° E 515 832.6

Rajendranagar 17.31° N 78.39° E 564 796.6
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Climate change, especially the projected rise in
temperature and atmospheric carbon dioxide (CO

2
)

concentrations, is the major concern of today. The Third IPCC
report predicts that global average surface temperature will
increase by 1.4 to 5.8oC by 2100 with atmospheric CO

2

concentrations expected to rise between 540 to 970 ppm
during the same period (IPCC, 2007) and climate change is
likely to affect agriculture including pest activity in future
with larger variation in the estimates of effects of crop yields
across different regions. It is well known that global climate
change would affect survival, development and reproduction
of insect pest species due to the change in nutrient quality of
plants under elevated CO

2
 (eCO

2
) condition (Hunter, 2001).

There is distinct mechanism by which climate change can
impact the relationship between the pest and crop plants. The
herbivory of the insects significantly varied across different
species under eCO

2
 conditions. However, phloem-sucking

insects (i.e., aphid) showed species-specific responses to
eCO

2
 and were the only feeding guild to respond positively

to eCO
2
 (Sun and Ge , 2011). Changes in climate have a

direct impact on biology of insects, including vectors, leading
to differences in their survival, reproduction and spread. Also,
aphids are generally considered to be the most important
group of insect pests in warmer regions by causing direct
damage by sucking large quantities of plant sap and indirect
damage by carrying viruses. The phloem-feeding herbivores
such as aphids appear to respond to changes in climate and
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in turn variations in plant-physiology less predictable than
leaf-chewing insects and it was observed that sap-sucking
insects may be more sensitive to climate-induced changes in
the host plant, compared with mining, chewing and galling
insects (Holopainen, 2002). Larvae of leaf chewers show poor
performance under eCO

2
 concentrations, but the performance

of leaf-suckers does not always follow this trend (Bezemer
et al., 1999). Most of published studies indicated that aphids
were the only insects thus far investigated to exhibit positive
responses to plants grown at eCO

2 
(Williams et al., 2003).

Cowpea aphid (Aphis craccivora Koch.) is a major
economic pest of cowpea and the insect passes through four
nymphal instars before reaching adulthood. Under conditions
of abundant good quality food and favourable climate,
parthenogenetic apterous adult females are successively
produced. The life cycle is typically anholocyclic (Dixon, et
al., 1993).The host plant range of the cowpea aphid is limited
to Leguminosae, and is cosmopolitan in distribution. The
nymphs and adults feed gregariously on the leaves, tender
shoots, inflorescence and tender pods thus causing
malformations, stunting and even drying up of the parts
causing damage to the plant resulting in yield reductions.
Infestations of A. craccivora on cowpea caused reduction in
growth and losses in yield. In addition to causing loss due to
damage the A. craccivora is known to be an important vector
of plant viral diseases, transmitting over 30 plants viruses.

Response of Aphis craccivora Koch to elevated CO2 on cowpea

M. SRINIVASA RAO*, P. C. M. PADMAJA, D. MANIMANJARI, V.U.M. RAO,
M. MAHESWARI, ABDUL KHADAR, M. VANAJA, K. SRINIVAS and B. VENKATESWARLU

Central Research Institute for Dryland Agriculture,
Santosh nagar, Hyderabad-500059, Andhra Pradesh

*E-amil : msrao909@gmail.com

ABSTRACT

Changes in climate and weather could profoundly affect the population dynamics and status of insect pests of
crops. Aphids are ubiquitous insect herbivores whose behavior could be influenced by climate change. We
studied the impact of elevated CO2 (eCO2) on Aphis craccivora Koch on cowpea (Vigna unguiculata L.).
Cowpea plants were grown under ambient (380 ppm) and elevated (550 and 700 ppm) CO2 conditions in open
top chambers (OTCs). Feeding trials were conducted using ‘cut leaf’ technique and the aphids were cultured
individually in the laboratory. Results showed that the host plant and aphid species were significantly and
positively influenced by eCO2. The mean fecundity (number of nymphs per day, 80%), Mean relative growth
rate (MRGR, 8%) and adult weight (22%) of aphids increased but the longevity (5 %) and development time
(5%) decreased significantly at eCO2 conditions over ambient CO2. Bio chemical analysis of cowpea foliage
indicated an increased C:N ratio (8%) and decreased nitrogen content (7%) and non-significant variation of
carbon and phenol content at eCO2 conditions.

Key words : Aphis craccivora, elevated CO
2
,
 
fecundity, MRGR, leaf nitrogen, C:N ratio
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ABSTRACT

A study was conducted to identify spectral wavelengths specific to pests and disease infestation in rice and
groundnut crops, and tests the feasibility of using space-borne data for detecting their field incidence. A portable
hyperspectral radiometer (ASD Fieldspec) was used to record spectral data from late leaf spot (LLS) infested
groundnut leaves and the data revealed 678, 1439 and 1921 nm were sensitive to LLS disease. The wavelengths
correspond to response of leaf pigments (678 nm) and water content (1439 and 1921 nm), indicating the
damage induced by the invading pathogen in the host tissues. Extensive field surveys in East Godavari (EG)
district, Andhra Pradesh (A.P.) during February-March, 2007 revealed a severe incidence of brown plant
hopper (BPH) in few villages. Ground based multispectral radiometric studies (CropScan16R) in rice showed
spectral reflectance between 760-1100 nm could differentiate healthy and rice BPH infestation. Disease water
stress index was found better than several other spectral vegetation indices for the early detection of rice BPH
damage. IRS P6- LISS IV Mx satellite data was assessed to detect BPH damage in selected villages of EG
district. NDVI values for BPH damaged pixels in the classified image were in the range of 0.1 to 0.2 compared
to higher values for the healthy crop.

Key words: Pest, disease, multispectral, hyperspectral, remote sensing, reflectance, satellite image

Remote sensing of crop stress is an emerging and
upcoming technology. Use of remote sensing for detection
of crop pests is based on the assumption that stresses induced
by them interfere with photosynthesis and physical structure
of the plant, affect the absorption of light energy and thus
alter the reflectance spectrum (Hatfield and Pinter, 1993).
Hence by measuring the reflectance spectrum, the health
status of a plant can be determined. Additionally, remote
sensing provides a better means to objectively quantify
disease stress than visual methods, and it can be used to
repeatedly collect sample measurements non-destructively
and non-invasively (Nutter and Litterell, 1996). Space/air
borne remote sensing provides synoptic view of the crop
condition in real time. In recent years a few attempts have
been made in India to use remote sensing technology for the
assessment of pest and disease damage in crops like mustard
(Dutta et al., 2006), cotton (Prabhakar et al., 2011) and black
gram (Prabhakar et al., 2013). This paper reports on the use
of ground-based and space-borne remote sensing data for
assessment of major pest and disease damage in two crops
viz., tikka disease or late leaf spot (LLS) disease in groundnut
and rice brown plant hopper (BPH). Objectives of the study
were i) to study the changes in spectral reflectance profile of
rice BPH damage and groundnut LLS infestation using
portable multispectral and hyperspectral radiometry,
respectively, and ii) to evaluate the feasibility of using high

resolution IRS P6- LISS 4 Mx satellite data to identify BPH
damage in rice.

MATERIALS AND MATHODS

Ground based hyperspectral radiometry

A leaf spot susceptible groundnut (c.v. JL 24) was grown
in about 35 plots, each measuring 7 sq m during kharif 2010
at Hayathnagar Research farm, CRIDA, Hyderabad. Four
differential fungicidal spray schedules were followed to
create difference in disease severity among the plots. The
disease intensity was recorded on 0 to 4 scale (0- no incidence,
4- severe) from each plot at weekly intervals. Leaf reflectance
data of LLS was obtained using a Plant Probe attached to
FieldSpec-3HR spectroradiometer (ASD Inc., USA) with a
sampling interval of 1.4 nm at 350-1000 nm range and 2 nm
at 1000-2500 nm range. Different detectors in VNIR (350-
1000 nm), SWIR-1 (1000-1830 nm) and SWIR-2 (1830-2500
nm) convert incident photons into electrons. This photo
current is continually converted to a voltage and is then
periodically digitized by a 16-bit analog-to-digital (A/D)
converter. These digital number (DN) values recorded by
ASD FieldSpec were in the range of 0 to 65,535. This
digitized spectral data is then transmitted to the instrument
controller for further processing and analysis by the
controlling software. Measurements were recorded on three
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ABSTRACT

Application of crop-growth models either to understand crop response to climatic variability/change or to
estimate regional yields require precise data on solar radiation. Though solar radiation data have many other
areas of applicability, seldom it is readily available for many of the Indian locations. Equipment cost and
maintenance cost of the instruments become prohibitive for developing countries like India. Empirical methods
to estimate global solar radiation from meteorological parameters with reasonable accuracy are promising
alternatives. Thus, an attempt was made to estimate global solar radiation at a semi-arid Indian location
(Patancheru, Hyderabad) employing 12 models that use readily available meteorological data at most of the
Indian sites. The performance of the models was tested using statistical tools like RMSE, D-Index and NOF.
Goodin et. al., (1999) model, a modified version of Bristow-Campbell model performed better with high D-
Index and low NOF values and resulted in small residuals compared to the other modified models with an
overall RMSE of 2.65 MJ m-2 day-1.

Key words: Solar radiation, Hargreaves-Samani, Bristow-Campbell, Goodin model, semi-arid
environment

Solar radiation (R
s
) the primary energy source for all

natural process that takes place on the Earth, is an important
input parameter to many crop simulation models (DSSAT,
Infocrop, APSIM etc), and also an inevitable factor for many
applications, including evapotranspiration estimates,
architectural design, and solar energy systems. Despite its
significance, solar radiation is not widely measured due to
the cost, maintenance and calibration requirements of the
measuring instruments. Even at stations where solar radiation
is observed there are many days data are missing or lie outside
the expected range due to equipment failure and other
problems (Hunt et al., 1998; Abraha and Savage, 2008). These
limitations urged the scientist to develop various models to
estimate the solar radiation from other meteorological
parameters for the days or years when the data are missing,
or for the locations where the data are not measured. The
majority of the models developed by the scientist in
estimating the solar radiation are based on the commonly
measured meteorological parameters like maximum and
minimum temperature, sunshine duration, precipitation,
relative humidity, cloud cover etc.

The main objective of this study is to calibrate, validate
and compare existing solar radiation models to predict solar
radiation from easily available meteorological parameters like
maximum temperature, minimum temperature and
precipitation at a semi-arid Indian location.
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MATERIALS AND METHODS

The daily data on maximum and minimum temperature
(oC), precipitation (mm) and measured solar radiation (MJ
m-2 day-1) were collected from the International Crop Research
Institute for the Semi Arid Tropics (ICRISAT) at Patancheru,
Hyderabad, located at 17.54° N latitude and 78.25° E longitude
at an altitude of 545m above the mean sea level. The data
obtained covered a period of thirty three years from 1978 to
2010. The first thirty years (1978-2007) of data used for
model calibration and the remaining three years (2008-2010)
were used for validating and comparing the models. The
models are calibrated and then validated separately for each
season (winter, premonsoon, monsoon and post monsoon)
also.

In the present study, R
s
 was estimated using Hargreaves-

Samani (1982), Bristow-Campbell (1984) and five modified
versions of each. All the twelve empirical relations utilize
extraterrestrial radiation (R

a
) as a common parameter in all

the relations including the other weather data. The details of
each model and their modified forms are given below.

Hargreaves and Samani Model

Hargreaves and Samani (1982) recommended a simple
equation to estimate daily solar radiation (R

s
) as

R
s
 = R

a
 *a *√∆T (Eq. 1)
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ABSTRACT

A study was conducted to evaluate the effects of solar radiation on some physiological parameters (body
temperature, respiration rate, pulse rate and panting score), blood metabolites and average daily gain in two
breeds of sheep (Deccani and Nellore). The experiment was conducted at Hayathnagar Research Farm of
Central Research Institute for Dryland Agriculture (17o27’N latitude and 78o35’E longitude and about 515m
above sea level) during May to July months in the year 2012 and involved 18 ram lambs divided into 2 groups
with similar age (152±6.1d) and body weight (15.1±0.26kg). The ram lambs were exposed to solar radiation
from 0900 to 1500hrs during the study period. Heat load index (HLI) was maximum (P<0.05) in May (93.9 ±
0.85) compared to July (88.7 ±0.37) month. Significantly (P<0.05) higher body temperature, pulse and respiration
rate, panting score was observed in both the breeds as HLI was highest in May, however impact was more
pronounced in Deccani than Nellore breed. Exposure of sheep to heat stress evoked a series of radical
changes in the biological functions, which include a decrease in feed intake, efficiency and utilization,
disturbances in protein, energy and mineral balances, hormonal and blood metabolite levels. Heat stress
severely affected body weight gain and resulted in lower average daily gain in ram lambs and a significant
(P<0.01) difference was observed among two breeds. The present study confirms breed differences in
susceptibility to heat stress as manifested by physiological alterations and subsequent effect on productivity.

Key words : Solar radiation, heat load index, ram lambs, panting score, productivity, blood metabolites

In the developing world, livestock are the key to
security for many smallholder farmers (Owen et al., 2005)
and are often used as indicators of wealth. Sheep constitutes
the world’s largest livestock sector, second only to cattle.
They contribute meat, fiber and other functions that are
significant to the productivity, stability and sustenance of
many farming systems in arid and semiarid areas. One of the
major problems the sheep faces in these regions is the heat
stress and high ambient temperature that remains above the
thermo-neutral zone for 4-5 months in a year. The thermal
environment is a major factor that can negatively affect sheep
productivity in the tropical belt and arid areas (Silanikove,
1992). Solar radiation in the tropics considerably increases
thermal load on the animal grazing during the day. The
physiological responses of livestock to heat stress have been
well described (Ominski et al., 2002 and Beatty et al., 2006),
and include increased body temperature (Bernabucci et al.,
1999), increased respiratory rate (Collier et al., 2006),
decreased feed intake (West et al., 1999) and increased water
intake (Mader et al., 2006). These responses have detrimental
effect on production, reproduction, and health in ruminants.
Likewise, sheep productivity is also affected adversely by
the extreme climatic conditions (Marai et al., 2007) as it
negatively affects the biological functions, which are reflected
in the impairment of their production and reproduction traits.
This may results in a tremendous economic loss for the sheep
industry in the country. The information related to the effect

of heat stress on thermoregulatory system of sheep, more
particularly the two important breeds of southern India is
very limited. Hence, an attempt was made to study the effect
of heat stress on productivity and to gain better understanding
of the thermoregulatory system under heat stress conditions
in Nellore and Deccani sheep breeds.

MATERIALS AND METHODS

Experimental site

The experiment was conducted for 90 days (May-July,
2012) at the Hayatnagar Research Farm (HRF), Central
Research Institute for Dryland Agriculture (17°27'N latitude
and 78°35'E longitude and about 515 m above sea level),
Hyderabad, in India. The climate is semi-arid with hot
summers and mild winters. The mean maximum air
temperature during summer (March, April and May) ranges
from 35.6 to 38.6°C, whereas in winter (December, January
and February) it ranges from 13.5 to 16.8°C. The annual long-
term rainfall for the site is 746.2 mm, falling predominantly
from June to October.

Experimental animals and feeding

Nine each Deccani and Nellore ram lambs were selected
from the herd maintained at Hayathnagar Research Farm,
Central Research Institute for Dryland Agriculture. Prior to
the study, all the ram lambs were drenched for internal
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ABSTRACT

An attempt has been made to develop a forewarning model to predict the development of aphids population on
rapeseed crop using data collected from a field experiment conducted at B.N. College of Agriculture, AAU,
Biswanath Chariali (26°42' N and 93°15' E) during four rabi seasons (2007-08 to 2010-11) with cv TS-36 and M-
27. During first two crop seasons both the cultivars were sown on four different dates (D1 to D4) at ten days
interval starting from 25th October to 25th November, however, during third and fourth crop seasons the cultivars
were sown at weekly interval on six dates starting from 15th October to 19th November (D1 to D6). The crop was
infested by aphid during vegetative to pod development stages in both the cultivars and all seasons. However,
aphid incidence increased as sowing was delayed. When the daily minimum and maximum temperatures fell
below 12°C and 27°C, respectively, aphid appeared in the crop irrespective of sowing dates and cultivars. Since,
average maximum and minimum temperatures and morning relative humidity for five days before day of observation
showed significant correlation with aphid population, model equations were developed to forewarn aphid population
5 days in advance on a real time basis for individual cultivars, which can be used in agro advisory.

Key words: Rapeseed, mustard aphid, weather parameter, forewarning model

Rapeseed-mustard are important oilseed crops which
rank second in area and production after groundnut and
contributes 30 per cent of the total oilseed production of the
country. India ranks third in production of rapeseed and
mustard in the world occupying an area of 6.19 million
hectares and a total production of 7.37 million tonnes with
an average yield of 1100 kg ha-1 (Rao et al., 2012). There is
a yield gap of 860 kg ha-1 as compared to a simulated potential
yield of mustard grown under rainfed condition in India
(Aggarwal et al., 2008). In Assam, three ecotypes of Brassica
campestris sp. oleifera namely yellow sarson, brown sarson
and toria as well Brassica juncea are grown in an area of
298 thousand hectares with average productivity of 511 kg
ha-1 which is far below the national average. Erratic and scanty
rainfall during crop growing season, infestation with mustard
aphid are the two major factors contributing towards low
yield of the crop in the state. The mustard aphid (Lipaphis
erysimi Kalt) infests the crop right from vegetative to pod
developing stage with maximum damage during the
flowering stage. Weather conditions prevailing at flowering
period are more conducive to aphid multiplication (Adak et
al., 2009). Several studies have indicated that weather plays
very important role in its infestation, multiplication and
disappearance of aphid in this crop. Chattopadhyay et al.,
(2005) from their studies at various places in India found
that the incidence and peak population of mustard aphid was
significantly correlated to maximum temperature between
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20-29°C in the preceding week and also observed that
morning relative humidity more than 92%, long hours of leaf
wetness and minimum temperature more than 5°C favored
aphid infestation. Exploiting these relationships they
developed some regional and cultivar specific models to
predict aphid incidence and peak population at least one week
ahead. Some other workers (Sastry, 1996; Kar and
Chakravarty, 2000) reported that thermal time (growing
degree days) in preceding weeks could be correlated with
incidence and the multiplication of mustard aphid. This fact
was exploited by Chakravarty and Gautam (2004) and Neog
et al., 2004 for developing aphid forecasting models on a
real time basis for various cultivars. In the present study,
an attempt has been made to relate crop phenology and
weather variables with aphid incidence and multiplication;
so as to develop forewarning models to predict aphid
appearance and development of population on a real time
basis based on weather variables of preceding five days for
the two rapeseed cultivars grown in the North Bank Plain
Zone of Assam.

MATERIALS AND METHODS

The experiment was conducted during rabi (Oct –Feb)
seasons of 2007-08, 2008-09, 2009-10 and 2010-11 on sandy
loam soil of the experimental field of B.N. College of
Agriculture, Biswanath Chariali, Sonitpur, Assam (26°42' N
and 93°15' E) having a subtropical humid climate.
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ABSTRACT

Crop production is inherently sensitive to variability in climate. Temperature and CO2 are two important
parameters related to climate change, which affect crop yield of a particular region. In this study, an attempt
has been made to assess the impact of these two parameters on the productivity of maize crop under sub
tropical condition of Jammu. For this purpose CERES-Maize model 4.0 was used in which the experimental
results of maize during kharif, 2005 used as baseline to assess the maize yield under different climate change
scenarios. The CO2 concentrations used in the model, as projected by IPCC, were 376, 414, 522, 682 and 970
ppm against the years for baseline, 2020, 2050, 2080 and 2100, respectively. However, on the basis of study
carried out in the region, the model was run and rerun for temperatures rise by 0.640 C for 2020, 1.600 C for
2050, 2.560 C for 2080 and 3.200 C for 2100 against the year 2005. The deviation in maize productivity from
2005 was estimated and analyzed to assess the effect of elevated temperature and CO2. Simulated maize
productivity revealed the reduction in grain yield by 3.66%, 8.06%, 16.29% and 26.14% in response to
temperature rise by 0.640,1.600,2.560 and 3.200C, respectively. The enrichment of CO2 concentration, however,
enhanced the grain yield by 0.83, 3.16, 6.98 and 11.97 per cent from the production level of the year 2005 in
2020, 2050, 2080 and 2100, respectively.

Key words: Climate change, CERES Maize model, temperature rise, CO
2 
conc., maize

Climate change is one of the primary concerns for
humanity in the 21st century. The Intergovernmental Panel
on Climate Change (IPCC) Fourth Assessment Report
concludes that there is strong evidence that human activities
have influenced the world’s climate over the last century and
a half (IPCC, 2007). Global atmospheric carbon dioxide
concentration has been estimated that it will increase to the
level 970 µmol mol-1 by the end of 21st century (Prentice et
al., 2001, IPCC, 2001). The globally averaged surface air
temperature is projected to increase by 1.4-5.8oC over the
period 1991 to 2100 (IPCC, 2001). Khushu et al., (2012)
reported that the temperature increased in the sub tropical
region of Jammu at the rate of 0.32oC per decade and if the
trend persists in similar manner then temperature would rise
by 3.200C at the end of 21st century.

Climate change is expected to impact crop yield both
in positive and negative ways, though the magnitude may
vary from place to place. This change would impact
agriculture production especially maize crop which is mainly
grown in kandi belt of Jammu region. Since both carbon
dioxide concentration and temperature are among the most
important environmental variables that regulate physiological
and phenological processes in plants, it is critical to evaluate
the effects of CO

2
 concentration and air temperature on the

growth and yield of maize crop. Crop growth models have

considerable potential in exploration of crop management
and policy decisions for implementations and adapting to
current and future climate change (Boote et al., 1996; Tsuji
et al., 1998). Keeping the above in view, an attempt was made
to assess the impact of climate change in respect of
temperature and CO

2 
concentration on the productivity of

maize by comparing model crop yields simulated with use
of weather series representing the present climate and
changed climate.

MATERIALS AND METHODS
Study site

The Jammu is located at 320 40' North latitude and 740

58' East longitude at an elevation of 332 meters above MSL.
The normal annual rainfall is 1115 mm, which mostly occur
during June to September. The normal mean monthly
maximum temperature varies between 18.40C in January to
38.70C in June while minimum temperature lies from 6.00C
in January to 24.40C in June. The soil was sandy loam in
texture with 67% sand, 21% silt and 12.5% clay having soil
moisture retention capacity.

Crop model

To investigate physiological responses of the maize crop
to changes in climate, crop growth model CERES-Maize
version 4 was used in this study.
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ABSTRACT

Field experiments were carried out with two safflower varieties A-1/Bhima (tolerant) and CO-1 (susceptible) to
study the effect of various weather factors on aphid (Uroleucon compositae T.) at  Solapur during five consecutive
rabi seasons of 2007-08 to 2011-12. Two varieties were sown at two sowing dates viz., normal (Second
fortnight of September to first week of October) and late (Second fortnight of October to first week of November)
during each season. Late sown safflower crop with susceptible cultivar CO-1 was found to be infested more
by aphids. Equations were developed to forewarn the incidence of safflower aphid by using weekly weather
data study. The also revealed that the maximum and minimum temperatures contributed significantly for the
aphid incidence and its spread under two sowing situations and on both the cultivars. Further, the aphid
population was negatively correlated with maximum and minimum temperatures and rainfall, while it was
positively correlated with relative humidity both at morning and evening. Prediction models on the aphid
population were proposed which may be used in agroadvisories.

Key words: Weather parameters, forewarning models, safflower aphid, Maharashtra

Safflower (Carthamus tinctorius L.) is one of the
important rabi edible oilseed crop of the country. Safflower
oil is rich in linoleic polyunsaturated fatty acid (70-80%),
which plays an important role in reducing the blood
cholesterol level. Besides, safflower is more productive and
more remunerative oilseed crop than many other conventional
rainfed rabi crops popularly grown in different parts of the
country. Apart from high yield and monetary returns,
cultivation of safflower was either less expensive than other
competitive crops or its cultivation involves very marginal
or no additional investment. Its cultivation is now spreading
over various parts of the world both in tropics and temperate
zone. Worldwide it is cultivated in area of 8.2 lakh ha with a
production of 5.8 lakh tones and productivity of 709 kg ha-1.
In India, it is grown in 2.29 lakh ha with production of 1.42
lakh tones and productivity of 623 kg ha-1 (Anonymous,
2012). Maharashtra state is the largest producer of safflower
having 1.56 lakh ha area with production of 0.93 lakh tones
and productivity 596 kg ha-1 (2010-11). Besides use in the
herbal tea, the safflower petals also have medicinal and
therapeutic values as antifungal and antiviral because of
gamma linoleic acid. Thus, safflower is gaining importance
amongst all the oilseeds. In spite of its utility and importance
the fact remains that area and production of safflower is
declining drastically. Low productivity of safflower in M. S.
(India) may be attributed to several biotic and abiotic stresses.

Among the biotic stresses, safflower aphid (Uroleucon
compositae Theobald) plays a major role (Akashe et al., 1999)

in reducing the seed yields particularly under delayed sowing
condition and in case of non-spiny varieties. Losses to the
extent of 20 to 80% have been reported (Singh et al., 2000).
Srinivas et al. (2012) studied the response of aphids to climate
change and reported that the safflower aphid is economically
important pest in India which however, is more sensitive to
weather factors particularly temperature. They also reported
that the predicted future changes such as increased
temperature and elevated CO

2
 may directly affect aphids’

infestation on safflower and indirectly by bringing changes
in plant chemical composition in the host plant. Thus, very
few attempts were studied relating the aphid population with
various weather parameters. No attempt has been made to
quantify the effect or to develop weather based forewarning
models. Hence, an attempt was made to study the role of
different weather parameters viz., rainfall, relative humidity
and temperature on infestation and development of safflower
aphid and secondly to develop weather based forewarning
models for predicting the aphid incidence in advance.

MATERIALS AND METHODS

Field experiment was conducted at the research farm
of All India Co-ordinated Research Project on Safflower,
ZARS, Solapur (75o56’E, 17o41’N) during five consecutive
rabi seasons of 2007-08 to 2011-12. The untreated seeds of
two cultivars of safflower viz., A-1/Bhima (tolerant) and CO-
1 (susceptible) were sown under two sowing situations i.e.
normal (Second fortnight of September to first week of
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ABSTRACT

Five empirical methods (viz. Cuenca, 1989; Snyder, 1992; Orang, 1998; Pereira, 1995 and Allen and Pruit,
1991) were evaluated to find out Kp using daily weather data (temperature, relative humidity and wind speed)
of Indian Agricultural Research Institute station over the years 1997 to 2011. It was observed that the measured
Kp values showed bi-modal variation during the year with values ranging between 0.72 to 0.93, being lower in
the summer months and higher in rainy and winter months. Out of the five methods, Snyder method was
found to be the best for estimating Kp with RMSE of 0.05, and MAD of 0.04. The ETo estimated with Kp of
Snyder method also showed lowest RMSE of 0.19, and MAD about 0.16. It is recommended that temporal
variation in Kp should be computed for each station for estimation of ETo and Snyder method is recommended
for estimating Kp in semi-arid environments.

Key words: Pan coefficient, pan evaporation, reference crop evapotranspiration, FAO-56

Reference crop evapotranspiration (ETo) is essential
for accurate estimation of the crop water requirements which
is helpful in irrigation planning, field water balance studies,
watershed hydrology, etc. Many methods have been proposed
for the estimation of ETo, based on the energy budget
approach, such as (a) FAO-24 Blaney-Criddle method, (b)
Priestly-Taylor method, (c) the FAO-24 Penman Method, (d)
Hargreaves method, (e) FAO-24 Radiation method, and (f)
FAO-56 Penman-Monteith method. The FAO-56 Penman-
Monteith method is the most popular and authentic
methodology in agricultural studies. But these methods use
climatic parameters like solar radiation, temperature, wind
speed and relative humidity which are scarce in developing
countries. Estimation of ETo from the pan evaporation (Ep)
data using pan coefficient (Kp) is commonly practiced
because of its applicability, ease and wide availability of pan
evaporation data. Also, many works have reported a high
degree of correlation between Ep and ETo when evaporation
pan are properly maintained (Jensen et al., 1961; Pruitt, 1966;
Doorenbos and Pruit, 1977). But most users adopt generic
Kp values or empirical methods without carrying out local
calibration. It necessitates a reliable estimation of Kp as using
a single Kp value for the majority of the stations throughout
the year may entail significant error in the estimation of ETo.
Therefore a study was conducted to find out the value of Kp
for different months and evaluate different empirical methods
for estimation of Kp in a semi arid region of India.
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MATERIALS AND METHODS

There is a strong correlation between Ep and ET
O
, and

the relation between these two is given as follows:

ET
O
 = Ep × Kp (Eq. 1)

The Kp accounts for relative humidity, wind speed and
windward side distance of green crop or a dry fallow. The
values of Kp cover a range between 0.3 to 1.1 (Aschonitis et
al., 2012) and is directly proportional to relative humidity
and inversely proportional to wind speed (Allen et al., 1998;
Gundekar et al., 2008 and Rahimikhoob, 2009). For a
particular location the above values i.e., relative humidity
and wind speed varies regularly and hence the Kp. So the Kp
values were found out daily and then month-wise by
averaging daily values. The following five approaches were
considered.

Snyder (1992)

Kp = 0.482-(0.000376×u
2
) + (0.024×ln (F)) +

          (0.0045×RH) (Eq. 2)

where, u
2
 is mean daily wind speed at 2 m above the soil

surface in km day-1; RH is mean daily relative humidity in %
and F is the windward side distance of green crop or a dry
fallow in m.

Cuenca (1989)

Kp = 0.475- (2.4×10-4 .u
2
) + (5.16×10-3.RH) +

         (1.18×10-3 .F)-(1.6×10-5.RH2)-(1.01×10-6.F2)-
       (8×10-8.RH2.u2)-(0.1×10-7.RH2.F) (Eq. 3)
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ABSTRACT

A complete annual cycle of micrometeorological measurements were carried out to characterize the dynamics of
radiation and energy balance over a grassland ecosystem at Central Arid Zone Research Institute experimental
area at Chandan, Jaisalmer, India from INSAT-linked ISRO-AMS (Agro-Met Station). The daytime average dekadal
latent flux for actual evapotranspiration (AET) showed substantially lower magnitude (15-115 Wm-2) (AET: 0.3
mmd-1 to 2.5 mmd-1) with prominent peak coincident to south-west monsoon and peak growth stage. Sensible
heat fluxes showed a large variation from 54 to 340 Wm-2 with peak during summer and minimum during winter
and monsoon seasons. More than 70% energy balance closure (EBC) was observed. The non-closure of energy
balance periods were characterized by strong local advections in summer. The daytime average net radiation
showed bimodal behavior (195 to 420 Wm-2) with primary peak in spring-summer and secondary peak coincident
to the start of the withdrawal of south-west monsoon. Significant complementary exponential relation (Y=0.045
e12.13X, R2 = 0.65) was found between dekadal albedo and Bowen ratio which was generally high (1.5 to 5.3) with
intermittent dips (0.3 to 1.3) coincident to wet spells. Similarly, the dekadal albedo showed a higher magnitude
(0.15 to 0.39), recording the highest (0.39) in the month of April and the lowest (0.15) in the month of September
post-monsoon period when green grass growth was maximum.

Key words: Micrometeorology, grassland, Thar desert

Arid and semi-arid ecosystems are highly significant
component as they cover approximately 40% of total
geographical area (TGA) in earth’s land surface (Rotenberg
and Yakir, 2010). Increased temperatures, high evaporative
demand and low rainfall resulted in water deficits and would
increase arid and semiarid areas around the world (IPCC,
2007; Seager et al., 2007). As arid grasslands, are very
sensitive to changes in available water, regional impacts of
global changes are often investigated for these areas
threatened by desertification (Kalinthoff et al., 2006).
Extreme events of temperature, high wind velocity, drought
conditions have a strong influence on the hydrological and
carbon cycles. Therefore, it becomes necessary to understand
biosphere-atmosphere interactions and their implications on
diverse climate systems (Zhang et al., 2009). Advances in
micro-meteorological theory, understanding and
measurement techniques provide appropriate means of
measuring ecosystem-scale fluxes over a spectrum of time-
scales ranging from hours to years (Baldocchi et al., 2001).
Agrometeorological stations (AMS) with satellite (INSAT)
communication link are now-a-days a promising tool to
measure the net exchange of radiation, energy and water over
land for a footprint varying from 0.5 to 1 km2 (Bhattacharya
et al., 2009).

Previous studies on the energy, water vapor and CO
2

exchange processes over temperate grasslands and
agricultural ecosystems have indicated considerable inter-
seasonal and inter-annual variation in surface energy budget
components (Aires et al., 2008). Perennial grasses in arid
grasslands are very important as they control the
microclimatic variations in the desert environment (Frank et
al., 2010). In this paper, an attempt has been made to
characterize seasonal and annual variability of energy-water
flux components over Lasiurus sindicus (Sewan) grass system
in Thar desert through observational records.

MATERIALS AND METHODS

Study site and micrometeorological data

Present study was conducted using half-an-hourly
micrometeorological data on radiation and energy balance
components recorded during January to December 2011
through 10 m Agro Meteorological Station (AMS) located at
Central Arid Zone Research Institute (CAZRI) experimental
area at Chandan (26°59' N, 71°20' E) covering ~96 hectares
predominantly consisted of Lasiurus sindicus (~60%) with
associated grass species viz., Cenchrus ciliaris (~15%) and
Panicum antidotale (~5%), other associated species (~20%)
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ABSTRACT

A study was conducted using half-an-hourly micrometeorological data to construct energy and water budget
over a young pine plantation in a different rainfall regime year, without (2010) and with (2011) understorey
species through 13 m Forest Meteorological Station (FMS) tower at the experimental area of Forest Research
Institute, Dehradun. Dekadal (10-day) daytime average net radiation (Rnet) data showed bimodal behavior
with primary peak during summer (440-520 Wm-2) and secondary peak (340-370 Wm-2) during post-monsoon.
Bowen ratio was high (0.85 - 1.5) during drier months with dips (0.08 - 0.66) during wet spells. The dynamism
of surface characteristics was characterized by two types of contrasting relationship between Bowen ratio and
albedo during the annual growth cycle. Latent heat (LE) flux ranged between 47 and 284 Wm-2 with prominent
peak coincident to peak growth stage. Sensible heat flux showed a large variation with a peak during the
summer and minima during winter and monsoon. The relative evapotranspiration, showed a peak (0.9) during
monsoon and a low range (0.38 to 0.6) during the rest of the period indicating soil dryness. Annual ET /
precipitation ratio varied between 0.39 and 0.44 in these two years of the study period, whereas ET/PET ratio
varied less and remained between 0.84 to 0.87. This study found that the clearance of understorey species
has reduced the latent heat fluxes to about 50% and their removal disturbed all aspects of energy-water
balance, energy partitioning behavior in the pine ecosystem of the western Himalayas.

Key words: Pine plantation, water dynamics, understorey species, Western Himalayas.

Anthropogenic interventions in forest ecosystems
coupled with frequent climatic fluctuations is bound to alter
the normal response and feedback mechanism between
vegetation and regional climate (Pielke et al., 2007). In
addition, the partitioning of energy within forest ecosystems
also has a direct bearing on forest hydrology.

Largest interannual variations in the terrestrial water–
carbon flux of India can be shown to occur in Western
Himalayas owing to large-scale anthropogenic disturbances
coupled with frequent climatic fluctuations (Chaturvedi et al.,
2011). Coniferous forest is one of the major terrestrial eco-
system in the Himalayan region (6% of total forest area, FSI
2011), and is also important because it enhances the regional
winter–spring albedo. Thus, these ecosystem having distinct
leaf–emergence and leaf–fall seasons exert greater influence
on mean regional temperature, energy balance and climate as
a whole. Therefore, the present study focuses on the seasonal
and interannual variability in the energy fluxes, energy
partitioning behavior and evapotranspiration rate over different
phenological growth stages of the young, open-canopied, sub-
tropical chir pine forest. The period covered two active growth
phases in different rainfall regime and with (year 2010) and
without (year 2011) clearing of understorey species.

MATERIALS AND METHODS

The experimental site consisted of 400 m × 500 m patch
of 8.5 years old young chir pine plantation (mean height ≈
6.5 m; diameter at breast height ≈ 13.83 cm) at the Forest
Research Institute, Dehradun, India (30°20' N, 78°01' E with
an elevation of 640 m a.m.s.l.). The average depth of young
pine root was about 3 m. The dominant understorey species
was Lantana camara. The normal land management practiced
in this stand usually involved the clearing of Lantana and
other minor understorey species in the post-monsoon period
during October-November, which reappears in spring. For
understanding and comparing the effects of understorey on
energy-water fluxes and balance, the understorey species
were cleared in Nov. 2010, while in 2011 they were left intact.

The research site occurs in subtropical vegetation. The
mean monthly air temperature varies between 11.5°C
(January) and 27°C (June). The mean monthly relative
humidity ranges from 52% (April) to 85% (August). The
mean annual rainfall is 2200 mm and minimum rainfall occurs
in November (≈3.67 mm) and maximum in August (≈567.5
mm). The sunshine hours varies between 4.4 hrs d-1 and 9.3
hrs d-1 with minimum during July - August and maximum
during May. The mean monthly open pan evaporation varies
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ABSTRACT

Variations in reproductive phenology, moisture content, oil content and growing degree days (GDD) of four
adult oil palm tenera hybrids viz., Malaysia, Palode, Deli x Ghana and Deli X Nigeria grown under irrigated
conditions were investigated by evaluating nine production cycles during April to December 2011. The results
revealed that large variations in duration of the reproductive phenology and GDD during different production
cycles among the oil palm hybrids. The Palode hybrid which had anthesis during the month of October recorded
the shortest reproductive duration, while Malaysian hybrid, which had anthesis during July recorded the longest
duration. Oil Palm hybrids which had anthesis during December had longer reproductive durations compared
to that of other months. The Malaysian hybrid which started anthesis during December also accumulated the
highest GDD. Similarly, large variations existed in parameters like average fruit weight, oil and moisture percent
in the oil palm hybrids which started anthesis from April to December. Thus, differences in GDD during the
different production cycles indicated that this bio-meteorological index is not sufficient to distinguish the
reproductive phenology in oil palm hybrids under irrigated conditions.

Key words: Oil palm, phenology, growing degree days, cumulative heat units

Oil palm (Elaeis guineensis Jacq.) is a humid tropical
perennial crop, and is known to be the highest edible oil
yielding crop giving up to 3-6 tonnes of oil hectare-1 year-1.
Oil palm was introduced in India during eighties as a small
holder’s crop under irrigated conditions to meet the growing
edible oil demand. Various expert committees constituted by
Government of India, have identified 1.93 million hectares
in 18 states of the country suitable for oil palm cultivation
and till 2012, an area of 2.10 lakh ha could be covered.

Climatic conditions like rising atmospheric CO
2

concentration, higher temperature, changing patterns of
precipitation, and altered frequencies of extreme events will
have significant effect on oil palm production, with associated
consequences of water availability and pest/disease
distribution. During the plant development process, many
visible external changes take place resulting from varying
environmental conditions. The periodic crop growth events
defined as phenology (Cautin and Agusti 2005),  is used for
studying periodic plant life cycle events, which are influenced
by seasonal and inter-annual variations in climate, as well as
habitat factors. Stages in a unified phenological scale were
used as a combination of numbers and letters to describe the
development of inflorescences in fruit trees. Annual bunch
production is continuous but shows marked seasonal peaks,
which can neither be explained by carbon assimilation nor
by phenology alone (Henson 2006). Moisture stress
combined with high temperature leads to suppression of

female inflorescences and also increases their abortion rate
(Foo 1998). Phenological patterns are likely to be constrained
by plant morphology, physiology, and more generally by the
genetic and epigenetic background of each individual.
Genetic differences in time of emergence of crop varieties
may be significant; often they are not as great as
environmental effects and components like height and weight,
which estimate resource accumulation, show strong genetic
control in several species (Wanvick 1978a, b). Environmental
effects will cause too many variations to distinguish
effectively between genotypes (Dierig et al., 2001).

Growing degree days is commonly used as heuristic
tool in phenology and is the most common temperature index
used to estimate plant development (Qadir et al., 2006).
GDDs can be used to assess the suitability of a region for
production of a particular crop, estimate the growth stages
of crops and estimate the heat stress on crops. It is also used
to classify plants based on their flowering dates to estimate
harvest maturity and to predict the duration between two
developmental stages (Bonhomme 2000).

As research on reproductive phenology in the oil palm
grown under irrigation is very limited particularly under
Indian conditions, the present study was taken up to
investigate the variations in reproductive phenology, growing
degree days and oil content in various oil palm hybrids during
different seasons.
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ABSTRACT

Average infection (%) of karnal bunt of wheat  and meteorological parameters of 6th to 12th SMW (5th February
to 25th March) from 1981-82 to 2006-07  for 26 crop seasons of Karnal station were analyzed for most sensitive
stage between ear emergence and maturity. Rainfall and number of rainy days during the 6th SMW were the
most important weather parameters favourable for the development of karnal bunt. Wind speed was also
important during this week for the transfer of primary sporidia from soil to leaf. Rainfall, number of rainy days
along with morning and evening relative humidity during 9th SMW were favourable for further multiplication of
secondary sporidia. Rainfall and rainy days during 10th, 11th and 12th meteorological weeks helped in
multiplication of karnal bunt in wheat. A multiple regression model was developed that explained 76% variability
in occurrence of karnal bunt disease for Karnal zone.

Key words: Karnal bunt, meteorological parameters, regression model

Karnal bunt is an important disease of wheat caused
by fungus Tilletia indica (Mitra, 1931; Mundkur, 1940). This
disease is endemic to the northwestern states of India
adjoining Himalayan foothills. In the early years, Karnal bunt
was a minor disease of wheat. However, it became serious in
the early 1970s with wide cultivation of dwarf wheat varieties
in India and Pakistan. It was confined to the countries like
Afghanistan, Iran, Lebanon, Nepal and Pakistan (Fuentes-
Davila, 1996). It has also been recorded in Mexico (Duran,
1972), in USA (Bonde et al., 1997) and in South Africa (Corus
et al., 2001). Eventually, the disease has been listed as a
quarantine pest for fear of its further spread.

Karnal bunt has minimal impact on crop yield and
quality (Murray and Brennan, 1998, Bonde et al., 1997), but
it is an important disease of political significance and is used
as a quarantine barrier to trade (Beattie and Biggerstaff,
1999). Different survey studies showed that even during worst
epidemic years, the total damage of the wheat crop was only
0.2 to 0.5% of the total production (Joshi et al., 1983). Singh
(1994) also suggested 0.3-0.5% loss during 1982-89 in North
India. But Nagarajan (2001) observed that infection beyond
2% in the seed lot has consumer rejection in India.

Teliospores germinate on or near the soil surface to
produce promycelia upon which primary sporidia develop.
Primary sporidia give rise to secondary sporidia. This is aided
by humidity, often provided by rainfall, under the wheat
canopy (Goates and Jackson, 2006). Both primary and
secondary sporidia are dispersed to the flowers by air currents
or rain splash. Germ tubes from germinating sporidia infect
the florets through stomata. Hyphae then grow to the base of
the floret and invade the periderm of the nascent kernel
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(Goates, 1988). This designates importance of different
meteorological parameters in multiplication of the disease.
Several studies have already established definite role of
meteorological factors in sporidial germination and their
subsequent dispersal in the field (Bedi et al., 1949; Krishna
and Singh, 1982). Laboratory experiment was also done to
study the effect of environmental conditions on survival of
T. indica (Kaur and Kaur, 2008).

Climate models have also been developed to simulate
suitable meteorological condition for disease establishment
and spread and prediction of disease occurrence in the field
(Jhorar et al., 1992; Mavi et al., 1992; Kaur et al., 2007).
However, models developed so far in India are location
specific. More importantly, climatic anomalies in recent years
have necessitated reinvestigating the role of different
meteorological parameters in the occurrence and spread of
karnal bunt and develop more accurate models to predict the
disease in the field.

The aims of this paper were firstly to compare different
weather variables for their respective role in karnal bunt
disease occurrence. Secondly, by choosing appropriate
variables based on above analysis, predictive multiple
regression model was developed for the origin area of the
disease, Karnal district, Haryana.

MATERIALS AND METHODS

Study area and data collection

The data pertaining to average infection (%) of karnal
bunt was recorded from different fields of Karnal region after
harvesting of wheat crop by the Department of Plant
Pathology, CCSHAU, Hisar from Rabi 1981-82 to 2006-07.
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ABSTRACT

Identification of suitable climate resilient nutrient management practices will reduce the ill-effects of extreme
climate variability on agricultural production. Rice (Oryza sativa L.)-wheat (Triticum aestivum L.) rotation is
one of the major cropping system traditionally followed in the Indo-Gangetic Plains, which are responsible for
the food security of the country. The relation between rice yield variability and rainfall under different nutrient
management practices and the relation between wheat yield variability and maximum temperature using the
yield data from the long term Integrated Nutrient Management experiment on the rice-wheat system for the
last 27 years at 9 sites representing different agro-ecological zones of India were analyzed. The application of
50% recommended NPK through chemical fertilizers and 50% N through green manure resulted in an overall
average higher increase of 1.5% system productivity under both excess (>750 mm) and deficit (<481 mm)
rainfall years and also during the years having seasonal mean maximum temperature ≥25.6oC at Ludhiana.
Thus this treatment has the adaptive capacity to withstand extreme climates and we can say this treatment is
the primary climate resilient integrated nutrient management practice for rice-wheat system in Ludhiana.
Application of 50% N through crop residue and 25% N through green manure along with inorganic fertilizers
were found to be the secondary and tertiary climate resilient integrated nutrient management practices at
Ludhiana. The primary, secondary and tertiary climate resilient integrated nutrient management practice for
other sites included in the study were also identified.

Key words: Site specific, climate resilient, integrated nutrient management, Indo-gangetic plains

The rice-wheat (RW) cropping system is the principal
traditional agricultural production system in the Indo-
Gangetic Plains (IGP) of South Asia. It occupies around 13.5
million ha spread over India, Bangladesh, Nepal and Pakistan
(Ladha et al., 2000). In India, this crop rotation covers around
9.2 million ha (Jat et al., 2011), and is the principal source of
food and livelihood security for millions of people in this
densely populated region (Paroda et al., 1994). It is estimated
that by 2020, food grain requirement would be almost 30-
50% more than the current demand (Paroda and Kumar,
2000). The long-term rice-wheat studies in the past in South
Asia had revealed that there are signs of stagnation or decline
in yields after an initial rise in productivity during the 1970s
and early 1980s with the introduction of high-yielding
varieties and adoption of improved cultural practices (ICAR,
1988; Yadav et al., 2000; Pathak et al., 2003; Yadvinder-
Singh et al., 2004 and Nayak et al., 2012). Decline in soil
fertility, changes in water-table depth, deterioration in the
quality of irrigation water and rising salinity, increasing
resistance to many pesticides, inadequate crop and nutrient
management are considered as some of the general causes
for yield decline (Ladha et al., 2003 and Aggarwal et al.,
2004). The situation is likely to become more complicated
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in view of predicted climate change, which shall have various
direct and indirect influences on the production systems.

The Fourth Assessment Report (AR4) of the
Intergovernmental Panel on Climate Change (IPCC, 2007)
disclosed that the earth’s temperature has increased by 0.74°C
between 1906 and 2005 due to increase in anthropogenic
emissions of greenhouse gases. Observational analysis of 121
stations spread over India showed that an increase in intensity
and frequency of hot events and also by a decrease in
frequency of cold events (Revadekar et al., 2011). More than
75% of the stations showed decreasing trend in the number
of cold events, and about 70% stations show an increasing
trend in hot events. In a recent study under Coupled Model
Inter-Comparison Project 5 (CMIP5), projected under the
business-as-usual scenario, mean warming in India is likely
to be in the range of 1.7-2.00C by 2030s and 3.3-4.80C by
2080s relative to pre-industrial times, and precipitation may
increase from 4 to 5% by 2030s and from 6 to 14% by 2080s
compared to 1961-1990 baseline (Chaturvedi et al., 2012).
As far as the rice crop is concerned, June-October rainfall is
considered crucial, whereas wheat the maximum temperature
is more crucial than any other single climatic variable.
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ABSTRACT

Rainfall analysis comprising of north, central and southern parts of the Scarcity Zone of Maharashtra was
carried out. Dhule station representing northern part is kharif oriented as evidenced by the high initial rainfall
probabilities in kharif during MW 25 and 26 (<55%) and less variability. Rainfall analysis of the central part,
represented by Kopergaon, Rahuri and Chas indicated that sowing of rabi crops in MW 39 has a high probability
(>60%) and less variability (CV 95%). Rainfall analysis of southern part represented by Jeur, Mohol, Pandharpur,
Padegaon and Solapur revealed that the highest probability (>50%) of receiving >20 mm rainfall was observed
during MW 38 to 40 with less variability (CV 86 to 110%).  Sowing of crops viz., pearl millet, sunflower, pigeon
pea are recommended for the kharif period. Mid season correction crop like sunflower is recommended as a
contingent crop under late onset of monsoon (July and early August). Rabi crops like winter sorghum, safflower
and chickpea are recommended for this period which can be grown on residual soil moisture.

Key words: Rainfall, probability, cropping pattern, scare rainfall zone, Maharashtra

A Scarcity zone of Maharashtra occupies one-third area
of state comprising 114 tehsils of 14 district which was
characterized by problem of low productivity and crop failure
due to inadequate rainfall. In Scarcity Zone, year to year
rainfall fluctuations is varied. Low or delay in rainfall is either
in kharif or rabi or during both the seasons (Patil et al., 1989).
The common feature of the region is characterized by
inadequate, ill distributed and undependable rainfall. The
annual precipitation is less than 750 mm in 30 to 45 rainy
days (Thawal et al., 1997). Two peaks of rainfall are generally
observed, first during June-July and second during September
with high intensity resulting in bi-modal pattern of rainfall
distribution (Gaikwad et al., 1996).

Moisture is the most limiting factor for crop production
in semi-arid region, the greatest risk to crop yields in Indian
agriculture is attributed to the variability of seasonal rainfall
and the uncertainty in the amount and distribution of rainfall
for a given season (Virmani, 1991). A dryland farmer has to
perform many readily identifiable weather related operations
from land preparation to harvest of the produce and its post-
harvest preservation. According to Mavi (1994), three fourths
of the annual losses in crop production are resulted by
unfavorable weather. The applicability of national level long
range forecast in different regions of the country was further
analyzed by Ramana Rao et al., (1994).
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By keeping this view in mind, an analysis of weather
data gives an idea about the crop water needs for a given
location. Such studies have been reported by Siva Kumar et
al., (1991) and rainfall data of 9 places in scarcity zone were
analyzed for seasonal and weekly periods.

MATERIALS AND METHODS

Rainfall data for 25 to 63 years at nine places as per
availability (1947-2010) was used for analysis. Rainfall
probability and variability analysis was carried out by using
Markov Chain Model. The data collected from different
stations is tabulated below:

Sr. Region Name of Data No. of
No centre / station period years

1 Northern part Dhule 1966-2010 44
2 Central Part Kopergaon 1971-2010 39
3 Rahuri 1975-2010 35
4 Chas 1962-2010 48
5 Southern Part Jeur 1963-2010 47
6 Mohol 1966-2010 44
7 Pandharpur 1985-2010 25
8 Padegaon 1971-2010 39
9 Solapur 1947-2010 63
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ABSTRACT

The microclimate and energy balance in wheat crop was studied under different planting methods (flat sowing
(F) with row to row spacing of 22 cm and sowing on raised beds (B) 37.5 cm wide with two crop rows 20 cm
apart and 30 cm wide furrows between two beds) and irrigation levels (with 0, 1, 2, 3, and 4 post-sowing
irrigations denoted as Io, I1, I2, I3 and I4, respectively). Soil temperature was slightly on the higher side on flat as
compared to bed planting, which might be due to more energy losses from loose soil in case of beds. Canopy
temperature was found relatively higher in the rain-fed (Io) treatment as compared to the maximum water
application treatment (I4). During 2006-07, canopy temperature was slightly higher for flat planting as compared
to bed planting under I4 irrigation level, whereas these were almost same during 2007-08. The data indicated
that canopy temperature depression increased with increase in irrigation application. Tc-Ta values were found
positive for most of the growing period for the rainfed treatment and negative for I4 treatment for both the
years. The rainfed treatments under both the planting methods (BIo and FIo) experienced the highest Bowen
ratio, whereas the well-watered treatments (BI4 and FI4) experienced the lowest Bowen ratio, which reveals
that much of the available energy was partitioned towards sensible heat under rainfed treatment and towards
latent heat for well-watered treatment.

Key words: Canopy temperature, wheat, irrigation, planting methods, Bowen ratio

Microclimatic study is concerned with the detailed
examination on a micro scale of the physical and
meteorological processes taking place within a small distance
i.e. between the top of a plant and its roots. Microclimate is
the modification of the general climate produced by local
environment or the sequence of atmospheric changes within
a very small region i.e. from top to bottom of the plant.
Microclimates are extremely variable over short distances.
The variables concerned may be temperature, atmospheric
moisture, radiant flux density, wind, oxygen and CO

2

concentration etc. Temperature changes drastically in the few
centimeters from the surface into the soil or into the air.
Changes in humidity with elevation are greatest near the
surface. Very large quantities of energy exchange at the
surface in the process of evaporation and condensation. Wind
speed decreases markedly as the surface is approached and
its momentum is transferred to it. Thus, there is a great change
in environmental conditions near the surface and the rate of
these changes with time and elevation make the microclimate
so different from the climate just a few meters above where
atmospheric mixing processes are much more active and
climate is both more moderate and stable.

Hence, the studies on microclimate in a crop can yield
valuable information regarding the interaction of the crop
with its environment. Keeping this in view, the present study
was undertaken to evaluate the microclimate of wheat under
different planting methods and irrigation levels.

Journal of Agrometeorology 15 (Special Issue-I) : 128-130 (March 2013)

MATERIALS AND METHODS

The field investigations were carried out at the research
farm, Department of Agricultural Meteorology, PAU,
Ludhiana (30o 54’ N and 75o 48’ E, 247m above mean sea
level) during Rabi 2006-07 and 2007-08. Wheat variety PBW-
502 was sown during the first fortnight of November during
both the years after a pre-sowing irrigation. All the practices
viz., time of sowing, seed rate, fertilizer application etc. were
followed as per PAU recommendations except for the
irrigation application, which was applied according to the
irrigation treatments. The experiment was laid out in
randomized block design. The experiment consisted of
combination of two methods of sowing i.e. Conventional
method of sowing on flat surface with row to row spacing of
22 cm (F) and sowing of crop on raised beds 37.5 cm wide
with two crop rows 20cm apart and 30 cm wide furrow
between two beds (B) and five irrigation levels (I

o
: no post-

sowing irrigation, the treatment was referred to as rainfed;
I

1
: irrigation at CRI stage only; I

2
: irrigation at CRI and

flowering stages; I
3
: irrigation at CRI, flowering and soft

dough stages and I
4
: recommended irrigations i.e. first

irrigation four weeks after sowing, second 5-6 weeks after
first, third 5-6 weeks after second and last 4 weeks after third
irrigation).

Periodic micrometeorological observations were
recorded at selected intervals during the growing period of
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ABSTRACT

Development of appropriate coping strategies to adapt to the adverse impacts of climate variability should be
a part of research activity in dryland agriculture. Therefore, a field study was established in semi-arid Alfisols
to study the effect of conservation tillage practices, which influences the soil - water - plant ecosystem, thereby
affecting crop yield. Surface residue cover, soil moisture, bulk density and penetration resistance were measured
at different depths in the study composed of three tillage practices in combination with in-situ residue recycling.
Tillage methods in combination with residue management significantly influenced biomass and grain yield
with maize stalk slashing and spreading + tillage twice with offset disc harrow giving highest average stover
and grain yield of 3726 and 2402 kg ha-1 respectively. Reduced till or No till slightly recorded more soil moisture
than that of conventional tillage. Differences in soil bulk density between tillage practices were temporally
dependent and were largest at the depth of 0-100 mm immediately after tillage events. In crop stubbles + No
till practice plots, bulk density mean yearly values were highest, 1.53 and 1.6 g cm-3 at 0-100 mm and 100-200
mm depths. The penetration resistance was higher in No-till practice than that under conventional tillage at 0
- 25 cm depth. It is concluded that, under semi-arid Alfisols, reduced tillage, even in combination with in-situ
crop residue management, gives small yield benefits in the short run. Crop residue mulching helped significantly
to conserve soil and water from off-season rainfall events. If adopted on long term basis, the practice could
favourably improve other soil physical properties also. Therefore, reduced till and zero tillage practices in
conjunction with biomass recycling could be of high significance in making the soil resilient towards climate
variability.

Key words: Climate variability, conservation agriculture, tillage practices, soil resilience, soil moisture,
penetration resistance, maize yield

Agriculture provides livelihood for 60 per cent of rural
population of India and contributes to 35 per cent of country’s
Gross National Product (GNP). In recent past, it has been
observed that extreme weather factors like more intense
rainfall events, prolonged dry spells, rise in temperatures,
early withdrawal and late on-set of monsoon patterns are
recurring due to climate change and variability. The climate
change impacts are predicted to have more pronounced
influence on rainfed crop yields than irrigated due to limited
water supply, poor fertility status of rainfed soils and poor
resource base of the farmers. In order to increase food
security, minimize or overcome the adverse impacts of
climate change on agriculture, adaptive and mitigation
strategies such as conserving soil moisture through
appropriate tillage practices, sowing on ridge - furrow or bed
and furrow system rather than flat land, improving soil
physical conditions by recycling crop residue and cover
cropping need to be advocated more vigorously than ever
before (Gwambene and Majule, 2010).

In face with the modernization and to meet the growing
population food supply requirements, hybrid seeds and
chemical fertilizers have been introduced to increase the crop

yields. Since, the chemical fertilizers are handy and easy to
apply; the farmers slowly neglected the crop residue recycling
and importance of its application to soil from three to four
decades. Adoption and spread of commercial crops,
dwindling individual and community grazing lands,
agricultural mechanization and increased agricultural labour
wages further restricted crop residue recycling to composting
and soil application. The discontinuity of addition of crop
residue directly or indirectly through composting have
severely affected the soil fertility status and properties in
rainfed agriculture. However, in rainfed areas, the farmers
are resorting to throw away the residues of crops like maize,
castor, sunflower and cotton stalk on farm bunds or even
burning in many instances. Instead of resorting to such
practices, if the crop residue is managed to recycle in-situ in
conservation agricultural practice mode using appropriate
machinery and tillage practices, it simultaneously conserve
soil by reducing surface run-off and improves ground water
resources (Lipiec et al., 2005), reduces farm energy and leads
to positive changes in the soil physical properties besides
increase or stabilize crop production (Bescansa et al., 2006).
In arid and semi-arid zones of India, conservation agricultural
practices of in-situ crop residue recycling besides reduced
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ABSTRACT

The present study was conducted round the year at the Pig Farm Complex of National Research Centre on
Pig (ICAR), Guwahati, Assam to study the effect of micro-environmental variations on biomolecular profile
and performance of indigenous and crossbred pigs. Round the year, Temperature-Humidity Index (THI) was
highest during 12:00 to 18:00 hrs and it crossed 80.0 in May, June, July and August, when most of the animals
showed panting, increased respiratory rate and increased rectal temperature. During the winter months
(December, January and February), THI was found below 60.0 and the animals showed adaptive behavioural
manifestation in terms of hudding and using the closed area of the housing.The Effect of THI on pre-weaning
production performance (litter size at birth and at weaning; litter weight at birth and weaning, mortality rate) of
Ghungroo, Niang Megha and crossbred pigs revealed no influence of THI on Ghungroo pigs. However, THI
had significant (p<0.01) effect on Niang Megha and crossbred pigs. The effect of THI on post-weaning production
performance, i.e., weaning weight at various monthly intervals was found significantly higher (p<0.01) at
average THI 76.1 as compared to 63.3. Similarly, biomolecular parameters like T3, T4, cortisol, blood SGOT,
sodium, and potassium were significantly (p<0.01) different in different seasons. However, the blood SGPT,
total protein, calcium, phosphorus and magnesium levels remained unchanged in different seasons. Immediate
observable indicators of stress, i.e., respiration rate and rectal temperature varied significantly (p<0.01) in
both the seasons. Adaptive behaviour of pig suggested that Ghungroo are climatic resilient as compared to
Niang Megha and Crossbred pigs.

Key words: Stress hormones, biomolecular marker, temperature-humidity index, haematology,
production, heat stress, reproduction

Pig is the most important livestock in North Eastern
region and the majority of the tribal population in the region
are pork eater. Out of 11.134 million pigs available in India,
4.458 million pigs are present in NE region (40.04 % of the
total pig population) as per livestock census, 2007.
Demography of the NE region shows that 26.81 percent of
the human population of North Eastern region belongs to
tribal society (57.73 percent in NEH region) and hence the
demand for pork is very high. Pork production is greatly
affected by heat stress especially in plain parts of North East
India.

In general, pigs try to minimize the effects of heat stress
by two major methods. These include an increase in heat
dissipation and a reduction in heat production from body
metabolism. To increase heat dissipation, pigs will increase
their body surface area by sprawling out to increase contact
with a cool surface like a floor. Pigs will also increase heat
dissipation by increasing respiration rate (panting) via a
process called evaporative cooling.
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Recently Ghungroo (Accession No.
INDIA_PIG_2100_GHOONGROO_09001), a breed from
West Bengal and Niang Megha, a breed from Garo, Khasi
and Jaintia hills of Meghalaya (Accession No.
INDIA_PIG_1300_NIANGMEGHA_09002) have been
registered by National Bureau of Animal Genetic Resources,
Karnal as important indigenous breeds of pig. But their
suitability to the region has not been studied so far. So, the
present study was conducted round the year at the pig farm
complex of the NRC on Pig (ICAR), Guwahati, Assam to
study the effect of micro-environmental variations on
biomolecular profile and performance of indigenous and
crossbred pigs.

MATERIALS AND METHODS

In the institute farm complex, the pigs were maintained
under an intensive system of management. The temperature
and relative humidity inside the animal shed was measured
round the year (on hourly interval for five days at weekly
interval in each month to reduce the sampling error).
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ABSTRACT

Conservation agriculture (CA) is a new paradigm to achieve higher production by mitigating water and nutrient
stress in rainfed regions through adoption of reduced tillage, crop rotations and residue retention and also to
address the global warming problem. A field experiment was conducted during 2010 and 2011 in sandy loam
soil of Gunegal Research Farm at Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad to
study the effect of CA practices and balanced fertilization on performance of maize (DHM 117)-horsegram
(CRIDA 18R) cropping sequence, the impact of CA on nutrient use efficiency, profitability, soil health improvement
and climate change mitigation. Pooled data showed that seed (3.0 t ha-1) and stover (5.5 t ha-1) yields in maize
in CA was on par with conventional system. Significantly higher grain (4.7 t ha-1) and stover (7.9 t ha-1) yields
were realized with balanced fertilization. In case of horsegram, significantly higher yields (kg ha-1) were obtained
in CA (572) compared to conventional (389). Status of soil organic carbon, other labile pools of carbon and
major nutrients (N, P, K) was improved in CA. There was an increase in use efficiency of N, P, K, S and Zn to
the extent of 11, 16, 14, 13 and 21% respectively through adoption of CA practices. Higher net returns (Rs.
26571 ha-1) and B:C ratio (2.1) was obtained in CA compared to Rs. 22529 ha-1 and 1.9, respectively in the
conventional system. Maize yields increased with adoption of CA and balanced fertilization in deficit rainfall
year. Thus, CA with improved nutrient management can improve nutrient use efficiency and increase net
primary productivity in semiarid tropics.

Key words : Zero tillage, residue retention, nutrient use efficiency, carbon buildup, water retention,
climate change

Over past few years, climate change adaptation and
mitigation has been widely discussed and promoted as an
important goal for all human systems, particularly agriculture.
Recent projections suggest that climate change could
significantly reduce crop yields by 20-35% and increase yield
variability in many regions of the world within 2030 (Lobell
et al., 2008). According to the Intergovernmental Panel on
Climate Change (IPCC), agriculture, deforestation, and land-
use change together account for about 31% of total global
anthropogenic green house gas (GHG) emissions. Worldwide,
the “technical” mitigation potential from agriculture is
estimated to be 5,500-6,000 million tonnes of CO

2
-equivalent

per year (Mt CO
2
-eq yr-1) by 2030 (Smith et al., 2007). About

70% of this mitigation potential lies in developing countries.
Conservation agriculture (CA) is a concept for optimizing
crop yields, and economic and environmental benefits with
key elements of no-tillage, adequate retention of crop residues
on the soil surface for mulching, innovative cropping systems
and measure to reduce soil compaction through controlled
traffic. CA has emerged as an alternative strategy to sustain
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agricultural production due to the growing resource
degradation problems, particularly under rainfed conditions.
CA practices also improve soil health and reduce the carbon
emissions equivalent nearly 13 t ha-1 (Mandal et al., 2004)
by way of reducing the tillage intensity and contribute to
carbon sequestration (Srinivasarao et al., 2012a, b, c). Baker
and colleagues (2007) estimate that the conversion of all
croplands to CA globally could sequester 25 Gt C over the
next 50 years. This is equivalent to 1,833 Mt CO

2
-eq yr-1,

making CA among the most significant opportunities from
all sectors for stabilizing global GHG concentrations.

Rainfed systems are characterized by low and unstable
yields, vulnerable to erratic rainfall, prone to droughts
frequently amidst the declining natural resource base.
Improving nutrient use efficiency, particularly N use
efficiency in rainfed areas is one of the important challenges
to the agricultural scientists. Productivity enhancement and
better resource utilization is of paramount importance to meet
the food and nutritional security of the country. Fertilizer
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ABSTRACT

Oilseeds play an important role next to food grains in the Indian agricultural economy both in terms of area
and production and India holds a significant share in world production too. The influence of climate change on
oilseed production was not understood properly to devise resilience strategies in order to uphold the production
and productivity. An attempt was made in this paper to understand the influence of climate change on oilseed
production at a regional level using Andhra Pradesh as a case study through regression analysis as well as
artificial neural networks (ANN). The results indicated that the predicted changes of climate on oilseed crops
varied greatly by crop and region. The implications of regression and ANN models in predicting the climate
change impact on different oilseed crops in Andhra Pradesh is discussed in detail.

Key words: Oilseeds, regional climate change, abiotic variables, ANN

India is one of the major oilseed producing country in
the world and the main cultivated oilseeds are groundnut
(Arachis hypogaea L.), soybean (Glycine max L.), rape seed
(Brassica napus L.), mustard (Brassica nigra L.), sunflower
(Heliantus annuus L.), sesame (Sesamum indicum L.) and
Niger (Guizotia abyssinica L.). Oilseeds are the second
largest agricultural commodity in India after cereals
occupying 13-14% of gross cropped area. Oilseeds are being
cultivated in an area of 27.22 million ha, with a production
of 32.48 million tonnes with a productivity of 1193 kg ha-1

(2010-11) accounting for 1.4% of gross domestic product
(GDP). Vegetable oils also contribute 1.5 to 1.7% of national
exports and about 15-17% of the agricultural exports of the
country (2006-07) (Hegde, 2007). Usually the oilseeds are
grown under rainfed conditions in marginal soils. Considering
the oilseeds output in 2008-09 as 27.72 million tonnes, the
country needs to almost double the oilseeds production in
the next 10 years requiring an annual growth rate of nearly
6% which will be a tall order, requiring efforts much beyond
what is being ostensibly pursued until now (Hegde, 2007).

In recent past, research studies have reported that the
impact of climate change on agriculture could result in
problems related to food security and may threaten the
livelihood activities upon which much of the population
depends. Climate change can affect crop yields (both
positively and negatively), as well as the types of crops that
can be grown in certain areas. Usually, oilseed yields depend
on many factors including genetic, environmental and
agronomic factors as well as the interaction between them
(Sidlauskas et.al., 2003). There have been several studies of
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the effects of temperature/ precipitation rate on growth and
development of oilseeds (Thurling, et al., 1977, Mendham,
et al., 1981, Morrison, et al., 1989). In this area numerous
studies were carried out for predicting the growth rate/
production of oil seeds using conceptual as well as physical-
based models and these models have practical limitations as
several inter-related variables are involved (Heyi Wang et
al., 2011). Recently, soft computing tools like Artificial
Neural Networks (ANNs), a general-purpose model with a
limited set of variables have been used increasingly in various
fields of science and technology for prediction purposes (Gail,
et al., 2002) particularly for nonlinear time series events over
conventional simulation methods (Guan et al., 2004).

Under the current circumstances, examining the
vulnerability of oil seeds production to climate change and
to determine regional impact of climate change is need of
the hour. In this study, an attempt was made to predict regional
climate change influence on oilseeds production viz.,
groundnut, castor, sesame, sunflower, safflower in Andhra
Pradesh (AP) through regression and ANN’s.

MATERIALS AND METHODS

For this study, the meteorological data (maximum
temperature-0C, minimum temperature-0C, mean
temperature-0C and rainfall-CRF mm), district-wise
(Adilabad-ADB, Anantapur-ATP, Kurnool-KUR,
Mahaboobnagar-MNR, Nizamabad-NZB, Rangareddy-RR,
Chittoor-CTR, Cuddapah-CDP, Karimnagar-KRN,
Nalgonda-NLD, Nellore-NLR, Prakasam-PKS, Guntur-GNT,
Khammam-KHM, Visakhapatnam-VSK, Vizianagaram-
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ABSTRACT

Quantifying the spread of the tree canopy has assumed importance in the context of afforestation and
reforestation activities of the Kyoto protocol as only those areas with <15% canopy covers are eligible for the
project activity under Clean Development Mechanism (CDM). Identification of the eligible area for CDM project
activity using Fractional Vegetation Cover (FVC) is one of the methods to measure the horizontal spread of
Canopy Cover (CC) occupying the ground in vertical projection per unit area. Two different methods viz.,
Normalised Difference Vegetation Index (NDVI) and Soil-Adjusted Vegetation Index (SAVI) derived method
and a Spectral Mixture Analysis (SMA) method with Linear Mixture Model (LMM) were used for the determination
of fractional vegetation cover (FVC) and compared with the observed ground data using a medium resolution
imagery. The proposed methods for FVC retrieval were applied to Resourcesat LISS-3 (23m) image and were
tested against in situ measurements of four different tree species at the Hayatnagar experimental farm of
CRIDA. The correlation between field-based CC and image-based FVC using the LMM was found to be
significant. Hence, it can be concluded that percentage canopy cover can be described in terms of FVC and
classification of the pixel elements in to EndMembers (EMs) and then determining the FVC values enhances
the accuracy.

Key words : Clean development mechanism, endmembers, fractional vegetation cover, linear mixture
model, normalised difference vegetation index

Tree systems sequester substantial quantities of carbon
in a short time and the potential of tree systems towards
mitigating the GHG emissions is widely recognised (IPCC,
2000). Scaling up of the tree systems is not only a mitigation
strategy but also arrests further degradation of land and
contributes to the income of the communities and their
livelihoods. Clean Development Mechanism (CDM) of the
Kyoto protocol is one of the instrument aims at the spread of
the tree based systems (also called as afforestation/
reforestation (A/R) activity under CDM) and to contribute
to the sustainable development of communities. One of the
important aspects of A/R activities is the definition of forest
which has to be defined by the participating countries of
Kyoto protocol. The Ministry of Environment and Forests
(MoEF) of India has defined forest as an area which has a
minimum area of 0.05 ha, minimum tree height of 2 m and
canopy cover of 15% (MoEF, 2013). Quantifying tree stand
physical structure has become important as the lands where
the tree canopy density less than 15% are eligible to be taken
up under the CDM. Quantifying the canopy cover of
individual trees in parcels of land with ground based
measurements is challenging and time-consuming
particularly when large area is involved and remote sensing
can be an effective instrument in identifying suitable land
area for A/R activity.

Canopy cover percentage of tree systems can be defined
as the percent tree cover occupied by the vertical projection
of tree crowns (Korhonen et al., 2006). Fractional Vegetation
Cover (FVC) is one method used to measure the horizontal
spread of canopy cover and the percentage of vegetation
occupying the ground in vertical projection per unit area.
Accurate estimation of FVC is especially important for
monitoring natural resources, modelling the carbon dynamics,
and quantifying the vegetation canopy biophysical
parameters. The objective of the present study is to assess
the suitability of FVC as a criterion for assessing the canopy
spread of tree systems using the medium resolution satellite
imageries and to determine its utility by comparing the ground
data of four tree systems.

MATERIALS AND METHODS

Imagery and study area

A Multi-spectral Resourcesat-2 LISS-3 image with
spatial resolution of 23m obtained on May 19th, 2012
(Path=100, Row=60) under cloud-free sky conditions was
used. The study was conducted in Hayatnagar experimental
farm of CRIDA with four tree species, Viz. mango (Mangifera
indica), guava (Psidium guava), teak (Tectona grandis) and
tamarind (Tamarindus indicus), age ranging from 8-10 years.
The area under these plots is sufficiently large with a
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ABSTRACT

A study was carried out to forecast the yield of winter rice in seven districts of two agro-climatic zones of
Assam. The daily weather data viz. maximum temperature, minimum temperature, morning relative humidity,
afternoon relative humidity and rainfall were arranged week-wise from sowing to flowering and the relation
between weather parameters and yield was determined using statistical tools like correlation and regression.
The models for each district were selected based on higher R2 and lower model error values. The models
developed were validated for independent data set. The R2 varied from 0.85 to 0.95 with error less than 1% for
accepted models. The comparison between observed and forecast yield over different district exhibited a
close agreement. Thus, the model could be used for forecasting the yield of winter rice for seven districts of
Upper and Central Brahmaputra Valley Zone of Assam. The results also showed that climatic parameters and
technological factors influenced the yield of winter rice differently in different districts. In Jorhat and Tinisukia
district of Upper Brahmaputra Valley Zone, yield fluctuation was due to variations of climatic parameters
whereas in Dibrugarh, Sibsagar and Golaghat district of the zone, and both the districts (Nagaon and Morigaon)
of Central Brahmaputra Valley Zone, yields were influenced by both climatic variables and adoption of new
technologies.

Key words : Long-term weather data, stepwise regression technique, validation, yield forecast

Rice is the most important cereal crop of Assam. The
state is situated between 240 and 28018' N latitude and 8904'
and 960 E longitude. Out of 26.31 lakh hectare of cereal area,
rice comprises 25.68 lakh hectare which is 97.60 percent of
total cereal area. In the state, agro-climatic variation and
agriculture’s dependence on rainfall have resulted in three
distinct rice seasons viz. sali or winter rice (June/July to
November/December), ahu or autumn rice (March/April to
June/July) and boro or summer rice (November/December
to May-June) (Pathak et al., 2003). Out of these rice growing
seasons, rainfed winter rice is the most important crop and
occupies 72.4 percent of total rice area. The crop yield
prediction is important in every region for advance planning,
formulation and implementation of policies relating to food
procurement, distribution and import – export decision (Singh
and Khushu, 2012). Like other crops, the growth and
productivity of rice crop depends on meteorological variables
viz. temperature, relative humidity, rainfall and technological
changes including variety, fertilizer, irrigation, management,
pest and disease control measures etc. Time parameter can
be used to account for technological factors. Individual effects
of weather parameters on crop yields were studied by Jain et
al., (1980) and yield forecast models based on weather factors

were constructed by Agrawal et al., (1986). Rao et al., (2012)
studied the sensitivity of mustard to weather in two diverse
environments from data collected from Hisar and Anand
under irrigated conditions. Keeping all these in view, an
attempt was made to predict the yield of winter rice in seven
districts of Central and Upper Brahmaputra Valley Zone of
Assam using meteorological variables.

MATERIALS AND METHODS

The yield data for sali rice of Central Brahmaputra
Valley Zone and Upper Brahmaputra Valley Zone of Assam
during the period 1983-84 to 2007-08 is utilized in the present
analysis. The daily weather data viz. maximum temperature
(T

max
), minimum temperature (T

min
), morning relative

humidity (RH
I
), afternoon relative humidity (RH

II
) and

rainfall (RF) collected from Regional Agricultural Research
Station, Nagaon and Department of Agrometeorology, Assam
Agricultural University, Jorhat were arranged week-wise
from the date of sowing to flowering stage of rice and the
relation between weather parameters and yield was
determined using statistical tools like correlation and
regression. To study the joint effects of weather variables on
rice yield the model used for studying effect of individual
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Seed germination is being used worldwide for
evaluating the physiological quality of seed, as it reflects the
emergence, seedling establishment and plant producing
ability of seed under favorable conditions. Potential yield of
majority of vegetables are determined primarily by climatic
variables such as solar radiation, rainfall and temperature.
Most of the plant species respond at an optimum temperature
for seed germination, above or below which seed germination
is reduced (Quinlivan et al., 1987). Hisar region in Haryana
state has typical semi-arid climate with hot and dry summer
and extremely cold winter. The mean monthly maximum and
minimum temperatures show a wide range of fluctuation both
during summer and winter months. Maximum temperature
of around 45oC during summer months of May to June and
temperature as low as freezing point accompanied by frost
in winter months of December and January occur in the
region. The soils of the area are grouped as Aridisols and
Entisols. The soils are light textured, sandy and loamy sand.
A theory is also outlined that seedling emergence patterns in
the field are largely generated by the influence of soil water
potential on a critical event (i.e. the initiation of radicle
growth) that determines the base water potential for
germination. Above this base the mean rate and distribution
of seedling emergence are largely determined by temperature
(Finch-Savage and Phelps, 1992). Soil temperature and warm
weather are important for rapid germination of okra seeds.
Cool soil and uncertain air temperatures can lead to the seeds
rotting in the ground or will result in weak seedlings. At a
temperature of 300C, okra seeds will germinate in only seven
days and will be ready for harvest in two months’ time.
Peacock et al., (1990) demonstrated that high temperature
(above 45oC) around the shoot meristem of sorghum seedlings
inhibited seedling growth even when moisture was not
limiting. The temperature when raised to 54oC, seedling died
as a result of heat girdling of the mesocotyl, which apparently
caused the blockage of phloem and so prevented the flow of
carbohydrates to the roots. Results of germination studies
made at constant temperature do not necessarily reflect field
germination where soil temperature at seed depth fluctuates
widely during the day (Singh et al., 1998) influencing seed

germination and further establishment of the seedlings. An
attempt has been made here for agrometeorological
standardization of seedling establishment of okra seeds sown
in different micro-environments.

Five cultivars of okra were evaluated on the basis of
per cent germination and thermo-tolerance index (TI) i.e. ratio
of seedling surviving to total number of seedling emerged.
The total heat unit requirement of different okra cultivars up
to seedling establishment was also calculated. The trials were
conducted at Research Farm of CCS Haryana Agricultural
University, Hisar (Latitude 29o17’ N; Longitude 75o68’ E,
Altitude 201 m a.m.s.l.) during the winter seasons of the year
2008 and 2009 and the results obtained were pooled to
establish valid conclusions of agrometeorological
standardization. The counted seeds were sown 30 cm apart
in a row of 3.0 m length with 50 cm row spacing. The rows
were arranged in split plot design with three replications and
the seeds were sown in different sowing environments (S)
viz., on 1st February (S1), on 15th February (S2), on 1st March
(S3), on 15th March (S4), on 1st April (S5) and on 15th April
(S6) during both the years under adequate moisture
availability. Soil temperature of sub-surface (5/7½ cm soil
depth) was measured daily till the end of the experiments.
The air temperature recorded in adjacent agro-meteorological
observatory was taken for thermal requirement calculations.
Recording of seedling emergence commenced immediately
after the first seedling was seen and continued until no further
emergence.

The numbers of live seedlings were counted daily and
dead seedlings were marked to provide the check against
loss of seedlings by any other means. The daily mean soil
temperature dynamics in early (February) sown okra ranged
between 6.7 to 13.7oC, in normal sowing (March) ranged
between 13.9 to 19.9oC and in late sowing environment
ranged between 19.4 to 26.6oC. Daily mean maximum
temperature values in early (February) sown okra ranged
between 18.7 to 29.4oC, in normal sowing (March) ranged
between 28.0 to 34.6oC and in late sowing environment
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Of the 127 agro-climatic zones defined under the
National Agricultural Research Project, 73 are rain fed. Rain
fed areas account for 60% of the net sown area and 55% of
the gross cropped area. Almost half of our food crop area
(77% for pulses, 66% for oilseeds and 45% for cereals), over
two-third of non-food crop area and over 50 % of our
horticulture is rainfed. Rain-fed areas produce about 40, 60,
75 and 85% cereals, cotton, oilseeds and pulses, respectively.
About 55% of our agriculture is rain-fed where delayed,
deficient or erratic rains lead to severe reduction in crop
output and even total crop failure and only one crop is
typically cultivated in a year. Due to the nature of the terrain,
rain-fed regions tend to be “ecologically connected”-since
water flows downhill, how the upstream is managed affect
the downstream. In rain-fed areas, diversified and value-
added agriculture system shall be advocated. Farmers should
be advised about suitable technological packages including
choice of crops, varieties and the requisite inputs to ensure
high productivity with elastic cropping mechanism. The
pattern of incentives in these areas and input packages shall
be reviewed and tailored to suit the changing needs. Earlier
most of the efforts of demarcation of dry farming regions in
India (Sarkar et al., 1982) and its characterization (Soman
and Kumar, 1990) were on the basis of rainfall variability
within the range of 400 to 1000 mm of rainfall (Das and
Kore, 2003). Focus on stabilizing and securing diverse
cropping by bringing a focus on“Rainfall Use Efficiency” as
central to policy as against mere use efficiency of applied
water. In several meteorological divisions, the rainfall
distribution is becoming more skewed with less number of
rainy days, with high intensity causing more soil erosion.
Rainfed areas largely comprised of undulating, hilly and
mountainous (UHM) regions and are distinctly more rural
than the country as a whole. While diversity of crops and
farming and supplementary irrigation measures help to cope
with the risks to a large extent, farming would be still
vulnerable to longer-drought spells. Rainwater conservation
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forms the core of the improved watershed management
approach suited particularly to the small land holdings in
coastal ecosystem.

The weather forecasting help farmers in capitalizing
benevolent weather conditions in order to optimize the
resource use and to minimize the loss due to harsh/aberrant
weather conditions (Rathore et al., 2003). Accurate and timely
forecast of rainfall pattern and other weather variables
continue to be a major challenge and pre occupation for
scientific community. Success of entire endeavor depends
on the effective translation of weather forecast into
understanding based, technological feasible
agrometeorological Advisory after consideration of crop and
other location specific information gathered through farmer
participatory approach (Singh et al., 2004). Increasing intra-
seasonal variability of rainfall however has become a major
concern now. The coefficient of variation of decadal rainfall
distribution is increasing in several meteorological divisions
indicating inter-annual variability. This has implications on
length of dry spells in rainfed regions. Besides rainfall
variations, the distribution of rainfall is also changing in key
rainfed agricultural locations. Small and marginal farmers,
particularly rainfed farmers face partial or total crop losses
due to risks associated with farming, and however, the risks
associated with the weather fluctuations are beyond their
control.

The actual data recorded of these weather parameters
at agrometerological observatory like rainfall (mm), cloud
cover (Oktas), maximum and minimum temperature (oC),
wind speed(km hr-1) and direction (degrees) of agromet field
unit AMFU, SKUAST-J, Chatha, Jammu for last 8 years
(2003-04 to 2010-11). The unit comes under low latitude sub-
tropical zone of Jammu region. The actual data recorded of
these weather parameters at agrometeorological observatory,
SKUAST-J, Main campus Chatha, Jammu situated at a
latitude of 32o49' 52" N, longitude of 72o51' 52" E and an
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Chickpea (Cicer arietinum L.) is cultivated globally
with an area of 12.03 million hectare adding 9.24 million
tonnes of grains annually to the world food basket with an
average productivity 768 kg ha-1. Chickpea is the most
important pulse crop of India sharing 29.7 and 38% of the
total area and production of pulses respectively (Chand et
al., 2010). In Jammu and Kashmir State, chickpea is grown
in about 4300 hectare area with production of 2550 tonnes
and a productivity of 593 kg ha-1 (Singh et al., 2010).
Chickpea crop is grown during rabi season under rainfed
conditions in the Jammu region. So, temperature is the prime
weather variable which affects plant growth in the region.
The heat unit concept is the best index, which had been
applied to correlate phenological development in crops to
predict maturity dates (Nuttonson, 1955; Gilmore and
Rodgers, 1958). Ellis et al., (1994) noticed that in some
chickpea genotypes, time to flowering was influenced by
photoperiod and temperature, whereas in others, flowering
time was determined solely by photoperiod.

The growth and productivity of crops depends on
physical environments in a particular ecosystem. It is
therefore, essential to have knowledge of exact duration of
different developmental phases in a particular environment
and their association with yield determinants for achieving
high yield (Singh et al., 2003). The concept of growing degree
days is based on the concept that real time to attain a
phenological stage is linearly related to temperature in the
range between base temperature and optimum temperature
(Monteith, 1981). Apart from this, heat use efficiency (HUE)
i.e., efficiency of utilization of heat in terms of dry matter
accumulation is also an important aspect, which has practical
utility as reported for soybean and Pigeonpea (Balakrishanan
and Natarajaratnam, 1986). The total heat energy available
to any crop is never completely converted to dry matter under
even the most favourable agroclimatic conditions. Efficiency
of conversion of heat energy into dry matter depends upon
genetic factors, sowing time and crop type (Rao et al., 1999).
Attempts have been made by researches to predict phenology
(Hundal et al., 1997), growth and yield (Hundal et al., 2003

a, b) of crops using thermal based indices. Latest projections
of IPCC indicate that after 2050; temperatures would rise by
3-4 degrees over current levels. Major impacts of climate
change will be on rainfed crops including winter pulses. At
the same time, the proper agronomic managements need to
be identified to help the crop adjust to the changing
environment. Keeping in view the above, the present study
had been conducted to predict the growth and yield with help
of agrometerological indices on chickpea crop under kandi
belt of Jammu region.

Field experiment was conducted on chickpea crop at
research farm of Pulse Research Sub-Station, SKUAST-J,
Samba during rabi 2008-09, 2009-10 and 2010-11 to develop
growth and yield prediction models based on different
agrometerological indices in chickpea crop under kandi belt
of Jammu. The different phenophases were recorded by visual
inspection at 2-3 days interval and agrometerological indices
were calculated at these stages. The soil of the experimental
site was sandy loam, having 0.32 % organic carbon, 21.2
and 286 kg ha-1 available P and K, respectively. The chickpea
variety GNG-469 was sown on 27th November 2008, 10th

December 2009 and 01st December, 2010 and harvested on
20th April 2009, 6th April, 2010 and 12nd May, 2011 during
rabi 2008-09, 2009-10 and 2010-11, respectively.
Recommended dose of fertilizers (20 kg N and 50 kg P ha-1)
was applied to the chickpea crop at the time of sowing through
diammonium phosphate (DAP). The rainfall received during
the cropping seasons was 164.9, 87.6 and 285.9 mm in rabi
2008-09, 2009-10 and 2010-11, respectively. The dry matter
production was determined by uprooting 5 plants randomly
from each plot at different phenophases. The plants were oven
dried for recording the dry-weight and then converted into g
m-2. Weather data used in the study had been recorded at the
meteorological observatory of DLRSS, Rakh Dhiansar,
Samba. Different agro meteorological indices were calculated
for various phenophases using following formulae:

Growing degree days (GDD) were determined as per
Nuttonson (1955):
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Water scarcity has been emerged as the potential threats
to the sustainability of rice production vis-à-vis food and
livelihood security for the growing populations of
Northeastern Region (NER) of India. Rice being the staple
food and major crop, occupy 3.51 M ha of the total 4.13 M
ha net sown area. Rainfed lowland rice production system
alone occupy more than 80% of the total 3.51 M ha rice area
of NER (Munda et al., 2009) and contributes more than 85%
of the total 6.17 million ton food grain production. However,
productivity of rice in the region excluding state Assam
known as Northeastern Hill Region (NEH) of India is much
below (<1.7 t ha-1) than the national average. As a result, the
region is still in deficit of about 1 million tonnes of rice grain
annually (Munda et al., 2009) and 12% deficit in food grain
requirement for a population of 45 million. The deficit in
rice as well food grain requirement is likely to increase by
another 10% in the next 8 years (2020).

Sole dependence on erratic and uneven rainfall
distribution, lack of water availability for meeting crop water
requirement at critical periods, occurrence of intermittent
terminal drought stresses etc. pose severe threat to the
sustainability of rice ecosystem. Due to the impact of regional
climate change, like other region, NEH is also experiencing
abrupt changes in rainfall pattern and temperature (Kumar,
2011), which may further pose a serious threat to water
availability and rice production vis-à-vis food and
environmental security of the region. For devising any
immediate adaptation as well as long term mitigation
strategies under changing climate scenario for this fragile
hilly ecosystem, lack of adequate information on the effect
of climate change on rice productivity is the major bottleneck.
Generation of such information through field experimentation
is possible only under controlled environmental conditions
like CO

2 
and

 
temperature growth chamber (CTGC), FATE,

FACE etc. which are
 
very expensive and highly skill oriented.

The best possible alternative is the use of location
specific well calibrated and validated simulation models,
since they are the most power tool for such studies to have
the conclusive results (Jalota et al., 2012). Quantification

and simulation of climate change’s impact on crop yields
can help in understanding to what extent climate risk can be
managed through management strategies. Agricultural
production systems simulator (APSIM) is a biophysical
model developed to simulate biophysical processes in farming
systems, particularly in relation to the economic and
ecological outcomes of management practices faced with
climate risk. APSIM has the ability to simulate crop and soil
biophysical process under climate change scenarios (Gaydon
et al., 2012). In the present simulation study using a calibrated
and validated APSIM model, an attempt has been made to
quantify the effect of elevated CO

2
 concentration and changes

in temperature (-/+) on rainfed lowland rice productivity of
NEH region of India. Further, to study the possible role of
fertilizers-N in immediate adaptation strategies under climate
change scenarios, different levels of fertilizer-N were used
in the long term scenario analysis (1987-2011) under elevated
CO

2
 and change in temperature regimes.

APSIM model was parameterized and validated based
on two field experiments on rainfed lowland rice conducted
for three consecutive years (2009-2011) at the research farm
of Indian Council of Agricultural Research Complex for NEH
region (25° 41' N latitude, 91° 55' E longitude, 1010 m above
mean sea level) Meghalaya, Northeast India. The study area
experiences annual average rainfall of 2450 mm, 70% of
which is received during July to September. Mean maximum
temperature is increasing at the rate of 0.086°C year-1 while
mean minimum temperature is decreasing at the rate of
0.011°C year-1. Average sunshine hours are 5.42 hr day-1

(Choudhury et al., 2012).

The APSIM model was parameterized using relevant
soil, crop and climate data and subsequently validated using
field experimentation. Simulated values of biomass and grain
yield were within the permissible range of ±18% deviation
from measured. Scenarios considering rice growth and yield
response to changes in average temperatures (-2°C, +2°C,
+4°C vs. ambient temperature of 22.2°C during rice growing
season) over three carbon dioxide levels (390, 550, and 700
ppm) and four N-fertilizer levels namely 0, 60, 90 and 120
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India is one of the major oilseeds producing country in
the world. Among the five major oil seed crops viz.,
groundnut, castor, mustard, linseed and sesame grown in the
country, groundnut (Arachis hypogaea L.) occupy the first
rank in terms of area and production. Gujarat occupies about
30 per cent of the total area of groundnut in the country and
contributes about 38 per cent of the production (Anon. 2002).
Groundnut crop in the Saurashtra region of Gujarat is
predominantly grown as a rain-fed crop in kharif season. The
year to year fluctuation in the crop yields are mainly
attributable due to the variation in rainfall and its distribution.
Khatri and Patel (1982) studied the effect of rainfall
distribution along with the eye estimates for five major
groundnut growing districts of Saurashtra region using 21
years data (1957-77). The effects of rainfall pattern on the
productivity of groundnut were studied by several scientists
(Suryanarayana et al. (1982) and Sahu et al. (2004)). Patel
and Vaishnav (1990) studied the effect of rainfall on
groundnut yield under dry farming situation of Gujarat. Khatri
and Patel (1990) tried to locate critical phases in the groundnut
crop by selecting rainfall variables through stepwise
regression analysis technique. The effects of rainfall
distribution on the yield of groundnut during its growth period
were studied by Singh and Singh (1994) in Rajkot district of
Gujarat. Forecasting of groundnut yield using rainfall
variables for the Saurashtra region of Gujarat was studied
by Parmar et al. (2004). The present investigation has been
taken up to study the effect of rainfall and its distribution on
the yield of groundnut and also to have pre-harvest estimate
of groundnut yield in Jamnagar district of Gujarat state. The
district-wise average yield data over a period of 38 years.
i.e. from 1970-2008 and the corresponding daily rainfall were
collected from the Directorate of Agriculture, Gujarat state,
Gandhinagar (Anon. 2009). Five broad approaches were tried
to investigate the relationships between rainfall and
groundnut productivity. They were (1) Aggregate rainfall (2)
Monthly rainfall (3) Fortnightly rainfall (4) Week-wise
rainfall and (5) Crop phase-wise rainfall.

Aggregate rainfall approach

The correlation coefficient (r=0.549**) between
groundnut yields and aggregate rainfall was found positive
and highly significant. Thus, the results revealed that
groundnut productivity was directly associated with the

aggregate rainfall received during its growing season. Similar
finding have been reported by several workers Singagi (1964),
Holford (1971) and Bansal et al. (1978).

Monthly rainfall approach

The correlation coefficients (r) between groundnut yield
and monthly total rainfall are presented in Table 1. The results
indicated that correlation coefficients (r) were positive and
significant during July and September months.

Table 1 : Correlation coefficients between groundnut yield
and monthly total rainfall

Month Correlation coefficients

June -0.012
July 0.419*
August 0.181
September 0.614**

* Significant at 5% level, ** Significant at 1% level

Fortnightly rainfall approach

The correlation coefficients (r) between groundnut yield
and fortnightly total rainfall are presented in Table 2. The
result revealed that, the rainfall during 1st and 2nd fortnight of
September month contributed positively and significantly to
the groundnut yield.

Table 2 : Correlation coefficients between groundnut yield
and fortnightly total rainfall

Months Fortnight Correlation coefficients

June 1st 0.239
2nd -0.105

July 1st 0.367
2nd 0.185

August 1st 0.092
2nd 0.204

September 1st 0.532**
2nd 0.380*

* Significant at 5% level, ** Significant at 1% level

Weekly rainfall approach

As suggested by Alsberg and Griffing (1928) shorter
interval of time was considered in this approach. The total
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Rainfall is the only source of water /soil moisture for
most of the crops in the rain fed areas and is the most
important climatic factor for crop production in Prakasam
district of Andhra Pradesh. Rain is meager in Kharif season
and very unevenly distributed. As a result, there is no assured
Kharif crop in this area. However, due to good rain, Rabi
crop season (September to February) only promises an
assured crop. It is essential to plan agriculture on a scientific
basis for making best use of rainfall pattern of this area.
Chickpea and tobacco are important rabi crops in the rainfed
area grown from October to February (N.E monsoon). The
yield and quality of these crops is dependent on the quantity
and distribution of rainfall during the cropping period. In
recent years, the quality of produce of rabi crops is not
maintained leading to large scale economic loss to the farmers
in this area.

Prakasam district is located between 14°57’ to 16°17’
N Latitudes and 78°43’ to 80°25’ E Longitudes. It is flanked
by Bay of Bengal on the eastern side. In order to represent
the rain fed area in the district for a case study, one mandal
i.e., an administrative unit (Kandukur) was selected, which
is totally dependent on rainfall mainly from North-East
monsoon.

The average annual rainfall received in the district is
757 mm. South-West and North-East monsoons contributes
44.2 and 50.5 per cent rainfall, respectively. In recent years,
the rainfall distribution is becoming erratic resulting in
frequent crop failure by way of submergence or prolonged
drought. The frequent aberrations necessitate studying the
rainfall trend during crop growth period and its distribution
for meaningful crop planning. Sinha Ray and Srivastava
(2000), Sadhukhan et al., (2000), Kothawale et al., (2010)
studied trends of annual and seasonal rainfall at many
locations and at different scales over India. Sequences of dry
and wet spells are important factors for rain fed crops.

Rainfall analysis and trend detection

Weekly rainfall data from 1920 to 2009 of Kandukur
mandal of Prakasam district of Andhra Pradesh was used as

a representative case for trend detection analyses. Mann–
Kendall nonparametric test, as described by Sneyers (1990),
was applied in order to detect the presence of any trend. This
test was used by several researchers to detect trends in
hydrological time series data, especially groundwater level,
stream flow pattern, rainfall, etc. (Serrano et al., 1999;
Brunetti et al., 2000 a; Subash and Ram Mohan, 2010).

n-1 n
S =∑ [ ∑ sgn (Rj-Ri)] .......... (Eq  1)

i=1 j=i+1

Where sgn(x) = 1 for x > 0; sgn(x) = 0 for x = 0; sgn(x) = -1
for x < 0 and R=rainfall.

A positive value of S indicates an increasing trend and
vice versa. The test of significance (z) was compared with
table value at 99% (2.576), at 95% (1.960) and at 90% (1.645)
confidence level, respectively. Trend in annual, seasonal and
monthly rainfall was also studied using above procedure. To
estimate the true slope of an existing trend the Sen’s
nonparametric method was used (Shamshuddin Shahid,
2010). The district level cured leaf yield data of FCV tobacco
for the years 2004 to 2009 was averaged from the data
different auction platforms in Prakasam district of tobacco
board and CTRI research station at Kandukur while Chickpea
grain yield data was obtained from district level statistics of
agriculture department, A.P.

General rainfall feature

Rainfall data at Kandukur, a representative of rain fed
area under Prakasam district, was studied on weekly basis.
Long term (1920-2009) average annual rainfall at Kandukur
is 925 ± 234 mm. Mann-Kendall test statistic (S= 833.0)
showed a significantly positive trend (α = 0.05). Long term
mean weekly rainfall (1920-2009) at Kandukur indicates
higher rainfall during 43rd (22-28th October) to 45th (5th - 11th

November) weeks. Amount of rainfall gradually
increases from 17th week (23-29th May) to 44th week (29th

October to 4th November) and then decreases from 45th week
onwards.
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Safflower (Carthamus tinctorius L.) is one of the
world’s oldest crop. It is cultivated in more than 60 countries
worldwide.It is one of the important rabi oilseed crop, of
India, cultivated in vertisols under residual moisture in
Karnataka Maharashtra, Andhra Pradesh, Chhattisgarh,
Madhya Pradesh, Orissa and Bihar. Safflower is known for
its cultivation since time immemorial, either for orange red
dye (carthamin) extracted from its brilliantly coloured florest
and its much valued oil. The crop has superior adaptability
to scanty moisture conditions. It produces oil that is rich in
polyunsaturated fatty acids ( linoleic acid 78%) that plays an
important role in reducing the blood cholesterol level in
human beings. The crop has proved to be more remunerative
than most of the rabi crops in drought prone areas.

In India it is grown in 2.29 lakh ha with production
of 1.42 lakh tones and productivity of 623 Kg ha-1 (2010-
11). Maharashtra state is largest producer of safflower having
68% area and 65% production of the country. The area under
safflower in Maharashtra is 1.56 lakh ha with production 0.93
lakh tones and productivity 596 Kg ha-1 (2010-11).

Journal of Agrometeorology 15 (Special Issue-I) : 187-188 (March 2013)

The concept of growing degree days is based on the
concept that the real time to attain a phenological stage is
linearly related to temperature in the range between base
temperature and optimum temperature (Monteith, 1981). It
was observed that sunshine hours, day length, rainfall and
mean temperature played a major role on the occurrence of
emergence, rosette termination, branch initiation, bud
initiation, flower initiation, 50% flowering, cessation of
flowering and physiological maturity stages in Scarcity region
of Maharashtra sown under different environments. With this
view in mind, Field experiments were conducted at Research
farm of Dry Farming Research Station, Solapur, Maharashtra
during 2007-08 and 2008-09. It is situated at 17 0 41’ N
latitude, 750 45' E longitude at an altitude of 476 meters above
sea level. The treatments consist of three dates of sowing
viz., 1st fortnight of September (D1), 2nd fortnight of
September, (D2 ) and 1st fortnight of October (D3) with two
cultivars of safflower viz., Bhima (V1) Phule Kusuma (V2).
The treatments were replicated thrice in split plot design with
dates of sowing in main plots and genotypes of safflower in

Table 1 : Cumulative thermal times (day 0C) acquired to attain different  phenophases in safflower under different treatments
(mean of two years)

Treatments Emer- Rossete Branch Bud Flower 50% Cessation Phy.
gence  termination initiation initiation initiation flowering of flowering mat

Sowing dates

1st fortnight of 82.8 373.6 451.5 579.8 670.3 1003.8 1190.4 1346.3
September (D

1
)

2nd fortnight of 70.5 255.8 345.6 525.3 625.2 936.7 1157.9 1317.3
September (D2 )

1st fortnight of 85.8 191.5 330.8 531.5 587.0 894.7 1060.4 1215.5
October (D3)

Mean 79.7 273.6 376.0 545.5 627.5 945.0 1136.2 1293.0

SD± 8.1 92.3 65.8 29.8 41.7 55.0 67.7 68.7

Cultivars

Bhima 79.7 270.4 357.3 541.5 606.9 940.5 1125.2 1285.3

Phule Kusuma 79.7 280.1 424.1 565.9 665.5 972.8 1160.7 1318.9

Mean 79.7 273.6 376.0 545.5 627.5 945.0 1136.2 1293.0

SD± 0.0 4.9 37.6 14.0 31.2 17.8 17.2 13.7
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To assess the impact of changing climate on field
duration of the rice crop, a study was carried out using the
output of regional climate models (PRECIS (Providing
Regional Climates for Impact Studies) and (RegCM3
(Regional Climate Model Version 3.0)) as weather input into
DSSAT crop simulation model. The RCMs have projected
an increase in maximum and minimum temperature by 3.1
to 3.7°C and 3.7 to 4.2°C, respectively at the end of the 21st

century. Decadal rainfall also showed an increasing trend.
The DSSAT simulations were made with two predominant
rice varieties of Cauvery Delta Zone viz., ADT 43 and CR
1009 in order to assess their field duration under future
scenarios with and without enrichment of CO

2
. The results

showed a decrease in crop duration for both control and
enriched carbon dioxide simulations. The range of reduction
in duration ranged from 9 to 14 days at the end of the century
for both the varieties under two RCMs outputs.

Green house gas concentration in the atmosphere is
substantially increasing due to the human activities and leads
to changes in the earth’s climate (Solomon et al., 2007), which
is leading to increased temperature, sea level rise and change
in rainfall patterns. To accommodate these changes in policies
and decision making, understanding of future climate is
essential. This can be done by means of climate change
projections using climate models. Climate models are run
based on scenarios given by the Intergovernmental Panel on
Climate Change. General circulation models (GCMs) project
the climate in coarser resolution and in turn, their output can
be used in regional climate models (RCMs) to downscale
them to finer resolution. Since most of the climatic variables
are based on local topography for regional studies RCMs are
being employed for required location to reduce computational
requirements. The output of these models is used in impact
studies.

Climate and agriculture are interrelated processes, as
there is strong interaction between agriculture and weather.
So any change in climate will have greater impact on crop
production and affects the food security of a nation, especially
developing country as most of the population is involved in
agriculture and its allied sectors. As rice is the staple food
for most of the Asian population, to find the impact of
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changing climate on rice the present study was carried out
over the Cauvery Delta Zone (CDZ), the rice bowl of the
state using PRECIS and RegCM3 regional climate model
output. Yield and crop duration was studied for cultivar ADT
43 and CR1009, two major rice varieties in CDZ with and
without carbon dioxide enrichment.

Study location

Cauvery Delta Zone, that lies between 10.00-11.30°
North latitude and 78.15 -79.45° East longitude was chosen
for the study.

Regional climate models

PRECIS (Providing Regional Climates for Impact Studies),
model was received by Tamil Nadu Agricultural University
in agreement with Hadley Centre, UK met office with the
required boundary conditions. HadCM3Q GCM data were
used as input and run for 129 years from (1971-2099) for
A1B scenario at 25 km resolution.

RegCM3 (Regional Climate Model Version 3.0) developed
by the Abdus Salam International Centre for Theoretical
Physics (ICTP) in Italy is an open source RCM, used in the
study, run with ECHAM5 GCM data for 130 years (1971-
2100) for A1B scenario at 25 km resolution.

From both RCM outputs, the weather parameters
required (maximum temperature, minimum temperature,
solar radiation and rainfall) were extracted for using these as
weather input in the crop simulation model.

Crop simulation model

Crop Estimation Resource and Environment Synthesis
(CERES) – Rice model within DSSAT version 4.5.0.2 was
used for crop yield simulation and crop growth duration.

Weather file

Using RCMs output, weather file was prepared. The
PRECIS model uses 30 days calendar for all months and
hence it is converted to Gregorian calender days using
methodology suggested by Minguez et al., 2007. RegCM3
file was in Gregorian calendar hence imported directly to
DSSAT.
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Drought is a serious meteorological hazard in Bihar
affecting the successful crop production. The recent two
consecutive disastrous droughts during 2009 and 2010 in the
state are a stark reminder for the scientists and policy makers
alike to sustain agricultural production in the state. This
assumes greater significance as more than 80 percent of the
population in the state depends on agriculture and its allied
sectors for livelihood. In order to sustain and enhance
agricultural production against the weak monsoon, frequent
dry spell condition and other extreme events, suitable
mitigation and adaptation strategies need to be worked out
and be taken up in the planning against drought. The
variability of rainfall in both space and time affects the
effective growing period. At a given location, soil type,
available water holding capacity and evaporative demand
determine the length of the growing season. The water
availability to crops under rainfed condition was determined
following agro-meteorological procedures in several regions
(Ramana Rao et al., 1979; Gupta et al., 2010). Flexible time
scale has been attributed as the fundamental strength of
Standardized Precipitation Index (SPI) to study drought over
other indices (Mishra and Singh, 2010). Analyzing long term
rainfall, Kokilavani (2012) determined the length of growing
period for crop planning in Coimbatore district. Looking to
every facet of the drought situation, moisture availability
periods are required to be characterized for proper assessment
of rainfall resource towards developing effective management
strategy for its optimum utilization for crop production under
rainfed condition. In this paper, an attempt has been made to
assess the length of growing period and drought incidence
and vulnerability in Bihar.

The study was conducted in various districts under
different agroclimatic zones of Bihar. The state is located
between 24°17' and 27°31' N latitudes and between 83°19'
and 88°17' E longitudes covering an area of 9.38 million
hectares. It is broadly divided into three agro-climatic zones
viz. Zone I (North West Alluvial plains), Zone II (North East
Alluvial Plains) and Zone III (South Bihar Alluvial Plains).

Zone III is further subdivided into Zone IIIA and Zone IIIB
on the basis of rainfall variability and topography. Annual
rainfall characteristics and length of growing periods of
various locations in different agroclimatic zones were worked
out. Reddy (1993) used a simple tool to compute the length
of growing period for a semi arid area of the tropics based
on mean weekly rainfall and mean weekly Potential Evapo
Transpiration (PET). In the present study, the ratio of mean
annual rainfall to mean annual PET was used to determine
the types of climate that prevail at a particular location. When
this ratio at a particular location ranged between 0 to 0.25,
the climate of that place was designated as arid climate, 0.25
to 0.50 as semi arid climate, 0.50 to 0.75 as sub-humid climate
and 0.75 to 1.0 as humid climate. When the ratio exceeds the
value of 1.0, the climate of that particular location is regarded
as per humid climate.

Length of Growing Period (LGP) which is defined as
the period during which the moisture at the root zone of crop
plants is adequate to meet the water need was calculated as,

LGP= [Duration of rainy season in days + (Post
monsoon and winter rainfall, mm+ AWHC, mm) /3.0]

Average evaporative demand of the atmosphere from
agricultural field was assumed as 3.0 mm day-1. As per soil
characteristics, the available water holding capacity (AWHC)
per metre depth for Pusa, Patna, Sabour and Bikramganj soils
was assumed as 150 mm. The AWHC of Motihari and
Madhepura soils were taken as 200 mm and 100 mm for
soils at Nalanda.

SPI values for various districts have been worked out
using daily rainfall data of individual district for monsoon
season over a period of eleven years (2000-2010). SPI was
calculated as the total difference of rainfall for a given period
from its long term mean and then normalized by the standard
deviation of precipitation for the same period computed using
data over the analysis period. A drought starts when SPI
values reach -1.0 and ends when SPI becomes positive again.
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Initiation of floral primordial is one of the major phase
changes that a plant makes during its life cycle. Study of
floral biology of a crop is important, as all the reproductive
organs are embedded in flower. It also determines the sink
for receiving the photosynthates leading to the production of
particular species. Perception of photoperiodic stimulus by
a plant for the initiation of flower is greatly controlled by
weather parameters specially temperature and radiation.
Although the flower opening time is under genetic control,
it is affected by aspects of the weather such as solar radiation
and air temperature (Hoshikawa, 1989; Imaki et al., 1983;
Jagadish et al., 2007, 2008; Kobayasi et al., 2010; Nakagawa
& Nagata, 2007; Nishiyama and Satake, 1981). The
relationship between the flower opening time and solar
radiation has been researched under field conditions
(Kobayasi et al., 2010).Therefore flower formation process
is highly sensitive to weather parameters.

When a particular crop species is grown, intra species
competition occurs for the available resources, which may
bring a slight variation in microclimate of the crop. This
variation becomes more pronounced under intercropping
system, where inter species competition occurs leading to
changes in radiation absorbed. This variation in radiation
absorption might have a varied influence on floral biology
of component crop in an intercropping. Therefore, to compare
the floral biology of mustard crop under sole and
intercropping situation, an attempt was made, where mustard
was grown as sole and three intercrop combinations with
wheat such as T

3
 -two wheat: six mustard, T

4
- four wheat:

four mustard, T
5
- six wheat: two mustard to have a clear idea

about floral biology of mustard under sole and intercropped
situations.

The study was conducted at the Instructional Farm,
Jaguli, BCKV during the Rabi season of 2008-09 and 2009-
10. The treatments were laid out in a RBD with six
replications having a plot size of 50m2. The number of flower
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bud and flower of mustard were counted at three days interval
from 15th December (initiation of flowering process) and
continued up to 8th January (cessation of flowering) in both
the years. The incoming PAR (Photosynthetically active
radiation) was measured with the help of line quantum sensor.

Effect of intercropping on floral biology of mustard

On majority of dates, floral bud formation of mustard
under T

3
 (Six rows of mustard associated with two rows of

wheat) treatment was significantly higher, when compared
with other treatments (Table 1). Minimum number of flower
bud was found in mustard grown under T

5
 treatment. There

was a continuous decline in flower bud formation in mustard
with the increase in associated wheat rows. Number of
flowers in mustard in different treatments followed the similar
trend as that of flower bud formation. During early phase of
flowering (15th-21st December), maximum opening of flower
occurred under sole mustard(Table 2). Thereafter, when two
rows of wheat were alternated with six rows of mustard,
created a more favourable condition for mustard for
maximum opening of flower. This might be due to better
availability of solar radiation under this treatment as
compared to other treatments. The above situation prevailed
up to 30th December. However, during the later phase of crop
growth, T

4 
treatment recorded higher number of flowers per

plant. Therefore, it was seen that more opening of flowers
took place in the intercropped treatments at the later part of
flowering period. During active vegetative stage wheat
offered more competition which might be the reason behind
the lower number of flower. It indicated that appearance of
flower under intercropping system was affected by the row
ratios of the companion crop. The spectacular point in this
case was that the rate of flower development remained high
for a long period under intercropping system. This might be
due to the probable hindrance created at the lower layer of
the canopy by the accompanying wheat crop.
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Fenugreek (Trigonella foenum-graecum L) is a
multipurpose crop grown during winters in northern India.
It is one of the leafy vegetables in India which is also grown
for leguminous fodder and condiments purposes. Its seed has
both feed and medicinal value, particularly against digestive
disorders.

The heat unit or growing degree-days (GDD) concept
assumes that there is a direct and linear relationship between
growth of plants and temperature. Fenugreek is thermosensitive,
long day crop grown extensively throughout north India. The
duration, growth and yield are primarily decided by the thermal
and photoperiodic conditions experienced by the crop during
its life cycle. Plants have a definite temperature requirement to
pass through a certain phenophase (Nield and Seelay, 1977).
The rate and development of plant depends much on
temperature and photoperiod (Ong, 1983, Squire, 1989, Maiti
and Sooto, 1990). Although some research work has been
carried out on various aspects of heat unit (GDD) and
photothermal units (PTU) on various crops, no information is
available on above aspects in respect to fenugreek. Therefore,
study was carried out to compute thermal indices of fenugreek
under different sowing environments with recommended
phosphorus nutrition.

A field experiment was conducted consecutively during
rabi seasons of 2010-11 and 2011-12 with fenugreek (cv.
RMt-1) under ATMA programme at farmers fields with four
sowing environments (1st, 11th, 21st November and 1st

December) at ten days interval so that the crop experiences
progressively decreasing temperature and sunshine hours
from mid November to last week of January and then
progressively increasing temperature and sunshine hours till
harvest, thus ensuing varying climatic conditions during the
crop season and four phosphorus levels viz., 0, 20, 40 and 60
kg P

2
O

5
 ha-1 under Split Plot Design. Only effect of sowing

environments was assessed with recommended dose of
phosphorus i.e. 40 kg P

2
O

5
 ha-1. The soil of the experimental

fields was alluvial in nature and medium in fertility. The crop
was grown with standard agronomic package of practices
during both the years. Maximum and minimum temperature

data during crop growing season were collected from
Automatic Weather Station installed under Comprehensive
Crop Insurance Scheme of Government of Rajasthan at Krishi
Vigyan Kendra, Rajsamand, Maharana Pratap University of
Agriculture & Technology, Udaipur (latitude 250 0' N,
longitude 730 9' E).

Daily value of maximum and minimum temperature
were used to calculate the accumulated heat unit/GDD and
heat use efficiency (Wilsie, 1962) for different stages of crop
growth using base temperature as 50C (Iwata, 1975).

HUE (kg ha-1day-1oC) =
Biomass yield

Accumulated Heat Units

The phenological stages like initiation of flowering (IF)
was identified as the date on which few flowers appears in
the field, end of flowering means no new flower for
fertilization. The period from sowing (S) to initiation of
flowering was termed as vegetative phase while initiation of
flowering to end of flowering (EF) is termed as reproductive
phase and end of flowering to harvest is termed as maturity
phase (PM). Dry matter accumulation, stover and grain yield
was recorded.

The mean data of two years on dry matter accumulation
and dry matter accumulation rate at different stages, stover
and grain yield of fenugreek under different sowing
environments with recommended dose of phosphorus are
indicated in Table 1. Sowing environments significantly
influenced dry matter and yield of fenugreek.

Dry matter and yield

Dry matter (Table 1) from sowing to 45 DAS
(Vegetative phase) was not influenced significantly under
different sowing environments but from 45 DAS to 90 DAS
(reproductive phase) and at harvest was significantly higher
for 1st November and 11th November sowing treatments
followed by drastic decrease. Dry matter accumulation rate,
stover and grain yield of fenugreek were higher and
statistically at par on 1st November and 11th November. The
delay sowing of fenugreek lowered the yield drastically.
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Area under groundnut cultivation is increasing day by
day in West Bengal (Directorate of Agriculture, West Bengal,
2010). The farmers are keen to cultivate this crop during pre-
kharif season under medium land situation. The farmers are
sowing this crop from the first week of January to the first
week of March with varying yields. As the temperature rises
abruptly from the second fortnight of February, no suitable
dates are obtained based on climatic requirements. Among
the weather elements, radiation and temperature are the two
most important determinants. The farmers used to sow this
crop from February when the winter temperature is on decline
and the light intensity is increased. In this scenario, it is
necessary to understand the radiation interception pattern of
this crop and relate this aspect with the crop growth processes.
A few authors evaluated the impact of radiation on dry matter
production in groundnut (Gajjar et al., 1994; Jaybhaye et al.,
2001; Wang et al., 2004). However, the impact of
Photosynthetically Active Radiation (PAR) interception on
total dry matter accumulation in groundnut under different
dates of sowing is not well documented. With this
background, the present experiment has been conducted to
understand the interception pattern of PAR within the
groundnut canopy sown under three different dates to prefer
a suitable date of sowing this crop in Gangetic Plains of West
Bengal.

 An experiment was undertaken during pre-kharif
seasons of 2007 and 2008 at the B. C. K. V. Research Farm,
Nadia, West Bengal (22°56' N, 88°32' E). The soil was sandy
loam with good drainage facility and neutral in reaction (pH
6.92), contained 0.07% total N, 24.06 Kg ha-1 of available P,
187.45 Kg ha-1 of available K and 0.78% organic carbon.
The experiment was sown with three dates of sowing (20th

January, 5th February and 20th February) as main plots and
five varieties (TG 51, ICGS 44, TAG 24, TMV 2 and AK 12-
24) as sub-plots in a split-plot design and replicated thrice.
Dry matter accumulation was recorded at an interval of 15
days starting from 35 days after emergence (DAE). Ten
leaflets from different positions of the plant were detached.
A circular leaf punch of 0.5 cm diameter was used to cut the

circular portions of the leaflet. The area of ten leaf cut was
measured from which the area of the single leaf cut was
computed. The dry weight of the ten leaf-cut was taken from
which the dry weight of the single leaf-cut was computed.
From one square meter land area, the plants were cut from
the basal portion and all the leaves were detached from the
stem, dried in the oven at 60OC for 72 hours and then weighed.
From this total dry weight of the leaves, the area of the leaves
was computed by a unitary method which was developed by
Radford (1967) for LAI estimation. The LAI was computed
as leaf area divided by land area. The PAR was measured
with the help of Line Quantum Sensor and intercepted PAR
is calculated following Dhaliwal et al., (2007).

 Among the five varieties, AK 12-24 recorded the
strongest association (Fig. 1). The interception of PAR is a
function of LAI (Sharma et al., 1993). Turpin et al., (2002)
also observed increased interception of PAR with increased
LAI in Vicia faba. Severiske et al., (2009) recorded a higher
interception of PAR with a greater leaf area in soybean
genotypes. Intercepted PAR significantly affected the dry
matter accumulation of groundnut in all the varieties (Fig.
2). The R2 value exceeded 0.7 in case of TAG 24, ICGS 44
and AK 12-24 varieties. The amount of PAR intercepted by
the canopy well correlates with the production of groundnut
during the periods when the LAI is increasing (Russel et al.,
1989; Chakraborty et al., 1991; Chakraborty, 1994). Idinoba
et al. (2002) and Purcell et al. (2002) also obtained a linear
relationship between dry matter production and intercepted
PAR in Phaseolus vulgaris and soybean crop. In the present
study, the dry matter production is a polynomial function of
intercepted PAR. The varietal differences in interception and
its impact on dry matter production also recorded a
polynomial behaviour.

 Results suggested that the variety AK 12-24 might be
selected for sowing in the third week of February because of
good LAI development, dry matter accumulation potential
and the PAR interception pattern.

Journal of Agrometeorology 15 (Special Issue-I) : 201-204 (March 2013)
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The Andaman and Nicobar Islands (ANI) comprise of
a chain of 572 major islands in addition to a number of islets
and rock outcrops in the Bay of Bengal lying between
latitudes 06° and 14° N and longitudes 92° and 94° E. The
Andaman and Nicobar Islands are distinctly separated by the
wide 10o channel which is about l50 km wide and 400 fathoms
deep (Ramakrishna et. al., 2010). The total land area is about
8249 km2 with a coastline of 1962 km.

These islands have a tropical maritime climate and
endowed with both the southwest and northeast monsoons.
The pristine nature of the waters around these islands along
with the tropical climate favours the growth and survival of
corals. Corals are marine organisms of the class Anthozoa of
phylum Cnidaria typically living in compact colonies of
many identical individual “polyps”. The group includes the
important reef builders that inhabit tropical oceans, which
secrete calcium carbonate to form a hard skeleton (Wallace,
1999). A coral “head,” which appears to be a single organism,
is a colony of myriad genetically identical polyps (Steffen
et. al., 2009). Each polyp is typically only a few millimeters
in diameter (Veron 2000). Over many generations the colony
secretes a skeleton that is characteristic of the species.
Individual heads or colonies grow by asexual reproduction
of individual polyps (Vaughan and Wells 1943; Wells 1956;
Cairns 1988; Veron 2000).

Corals also breed sexually by spawning. Polyps of the
same species release gametes simultaneously over a period
of one to several nights around a full moon (Wallace 1985;
Harrison, 2011). Although corals can catch small fish and
animals such as plankton using stinging cells on their
tentacles, most corals obtain most of their energy and
nutrients from photosynthetic unicellular algae called
zooxanthellae (Lewis and Price, 1975). Such corals require
sunlight and grow in clear, shallow water, typically at depths
shallower than 10 m. Corals are the major contributors to the
physical structure of coral reefs that develop in tropical and
subtropical waters. Other corals that do not have associated

algae can live in much deeper water, like the cold-water genus
Lophelia surviving as deep as 3,000 m (Witzany and Mad,
2009).

Corals are facing extreme challenges owing to climate
change in the last decade with massive bleaching of corals
during the years 1998, 2002, 2005 and 2010 (Krishnan, et.
al., 2011, 2012). It is imperative to support initiatives that
focus on conservation and protection of coral reefs. The
present paper is a compilation of various survey data carried
out in Andaman in the form of a database. This database will
serve as a ready reckoner for a reef manager to have
immediate reference on this diminishing resource.

Data collection

Extensive surveys were conducted in North Bay, Jolly
buoy and various places of ANI, to get primary data about
the coral reefs. The information collected was crosschecked
and authenticated. The abundance and diversity of corals in
these sites were noted during these surveys and details of
individual coral species such as size, colour, habitat, growth
form etc. were also documented. Secondary data from
previous publications by reputed institutes around India such
as Zoological Survey of India were compiled and included
in the database.

Database designing

The database was designed in Ms SQL Server (Delaney,
2006) at the backend and the interface was created using
ASP. Net (van Otegem, 2007; Walther, 2007). The webpage
interface was interactive and was designed to be user friendly
for easy accessibility to desired data. The database was
updated with latest information collected through recent
surveys and also contains other data from earlier publications
of Zoological Survey of India. Entity relationship (ER)
diagram for the data base is as shown in Fig.1.

The developed coral resource database contains precise
information on coral diversity of selected sites in the ANI. It

Journal of Agrometeorology 15 (Special Issue-I) : 205-208 (March 2013)
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Shifts in the normal climatic types and inter annual
variability in moisture regime can be identified by climatic
water balance analysis of a particular location. The temporary
deviation from normal water balance of a location leads to
water shortage or abundance. The frequency of such water
shortage or excess determines the dependability of a locality
for agricultural production and better socio-economic status
of population of that locality. Subramanyam (1958) opined
that a rational study of moisture regime of a location must be
based on water balance procedures but not merely on rainfall
analysis. Year-to-year fluctuations in water balance
parameters reveal shifts in the normal climatic type and
variations in their moisture regimes of a particular location
(Manikandan et al., 2007). Moisture Index (Im) is useful
index of relative moisture regime from one region to another.
The values of moisture indices are the good indicators of a
region’s moisture status and are related to important water
resources such as runoff (Wolock and McCabe, 1999) and
they are useful for the study of the effects of climate
variability and change on the hydroclimate of region
(Feddema and Mather, 1992). On the other hand, in dry
climates, the drought frequency is more. High variability may
be seen in the intermediate climatic types viz., sub-humid,
from the normal moisture condition towards drier or wetter
side whenever water deficit and surplus occurring
respectively. In view of the above, the present study was
aimed at studying annual variations in moisture index values
and climatic shifts due to changes in water balance
components over ten selected mandals of Jangaon division,
Warangal district of Andhra Pradesh.

The study area Jangaon division (Ten Mandals) is
situated in Warangal district, Andhra Pradesh, India and
bounded by latitudes 17° 30’N to 18° 02'N and longitudes
78° 50’E to 79°37'E. The total area of Jangaon division is
about 2271 km2. Topography of the area varies from almost
flat terrain to moderate hills. The altitude varies from 200 to
590 metres above the mean sea level and the slope varies
from 0 to 20 degrees. Mean annual rainfall of the study area
is about 773 mm.

Long term daily rainfall data of last 15-40 years were
collected from Agromet Data Bank of Central Research
Institute of Dryland Agriculture (CRIDA), Hyderabad for
10 mandals in Jangaon division, Warangal district of Andhra
Pradesh. The selected mandals and the period of data
availability were furnished in Table 1.

Table 1 : List of mandals and the period for which the data
was collected

Mandals Data period

Bachannapeta 1991-2010
Cherial 1986-2010
Devaruppul 1983-2010
Jangaon 1971-2010
Kodakandla 1990-2010
Lingala ghanpur 1996-2010
Maddur 1989-2010
Narmetta 1989-2010
Palakurthi 1989-2010
Raghunath palle 1996-2010

In the present study, PET of Warangal was assessed in
the ETo calculator software from meteorological data by
means of the FAO Penman-Monteith equation (Allen et al.,
1998), and used commonly for all mandals in the water
balance analysis as estimation of PET for each mandal is not
possible due to meteorological data unavailability.

Weekly water balance was calculated based on the method
proposed by Thronthwaite and Mather during 1955. The
available water holding capacity of soil for each mandal has
been collected from NBSS publication (Mandal et al., 1999).

Annual summation of PET, water surplus and water
deficit was arrived from the weekly water balance output.
From this, humidity index (Ih), aridity index (Ia) and moisture
index (Im) were determined based on formulae proposed by
Carter and Mather (1966).

Humidity Index (Ih) = Water Surplus/PET x 100
Aridity Index (Ia) = Water Deficit/PET x 100

Moisture Index = Ih-Ia

Journal of Agrometeorology 15 (Special Issue-I) : 209-211 (March 2013)
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Probability analysis can be used for prediction of
occurrence of future events from available records of rainfall
with the help of statistical methods (Kumar and Kumar, 1989).
Using the theoretical probability distributions, it would be
possible to forecast the rainfall of various magnitudes with
different periods. Several distributions have been used for
hydrological analysis as given by Chow et al. (1988).
Probability analysis of one day rainfall has been attempted for
different places (Sharda and Bhushan, 1985; Agrawal et al.,
1988; Weerasinghe, 1989, Mohanty et al., 2000; Bhakar et al.,
2008, Pradeep, 2009 and Pradeep and Maheshwara Babu,
2010). An attempt has been made in present study to estimate
the probable maximum one day, weekly, monthly, seasonal
and annual rainfall for different per cent probabilities for
Solapur (17°48' N, 75°48' E) and 457 m above mean sea level
altitude) which is located on the south east edge of the
Maharashtra state by five probability distribution functions so
as to select the best one.

The daily rainfall data of last 22 years (1987-2008)
collected at Dry Farming Research Station, Solapur is used
for this study. Maximum daily, weekly, monthly, seasonal
and annual rainfall of 22 years from 1987 to 2008 were
arranged in descending order and the probability of
exceedance P was obtained using Weibull’s formula

P=m/N+1 ……………. (1)

Where P is the probability, N is the total number of years of
record and m is the rank of observed rainfall.

The maximum one day, weekly, monthly, seasonal and
annual rainfall of Solapur were fitted to five probability
distribution functions viz., normal, log-normal, exponential,
pearson type III and log pearson type III to predict maximum
one day, maximum weekly, maximum monthly, seasonal  and
annual rainfall. Probability distribution at different levels has
been determined through computer software package VTFIT.

The five probability distribution functions are compared
by D-index, which is adopted for verifying fitness of rainfall
probability distributions. The test statistic was calculated from
the relationship:

 N | xi Observed –xi Estimated |
D-index =∑ _______________________ …………. (2)

 I=2  X

Where, X = mean of the observed rainfall (mm)

I = series of rainfall amounts at 10, 25, 50, 75 and
90 per cent probability of exceedance (Weerasinghe,
1989).

The distribution having the least value for D-index is
considered as the best distribution (Cohen,1988;
Vivekanandan, et al., 2012; Roman, et al., 2012)

Maximum one day rainfall

The estimated one day maximum rainfall at different
probabilities is presented in Table 1. It was observed from
D-index value, normal (0.17), followed by Log-normal
distribution, Pearson type III and Log-Pearson type III were
found to be best fit.

Maximum weekly rainfall

The estimated maximum weekly rainfall at different
probabilities is presented in Table 2. It was observed that the
Pearson type III (0.22) followed by Log-Pearson type III
(0.27) and log-normal (0.29) distribution were found to be
best fit for the maximum weekly rainfall.

Maximum monthly rainfall

The estimated maximum monthly rainfall is shown in
Table 3. Pearson type III (0.28) distribution was identified
as best fit for the maximum monthly rainfall.

Seasonal rainfall

The estimated kharif, rabi and zaid seasonal rainfall at
different probabilities is presented in Table 4, 5, and 6
respectively. It was observed that the Pearson type III (0.24)
distribution for the kharif season, log-normal distribution
(0.28) for the zaid season and Log pearson type III (0.58) for
rabi season rainfall were found best fit.

Annual rainfall

The estimated annual rainfall at different probabilities
is presented Table 7. The D-index was found to be minimum
for Pearson type III (0.24) distribution. From the result, it
could be inferred that the log-Pearson type III distribution
was best fit for annual rainfall to give reliable estimates for
the study area.

The analysis indicated that normal distribution for
maximum one day rainfall, Pearson type III for maximum
weekly rainfall, maximum monthly rainfall, kharif season

Journal of Agrometeorology 15 (Special Issue-I) : 212-216 (March 2013)
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Climate change can affect crop yields (both positively
and negatively), as well as the types of crops that can be
grown in certain areas, by impacting agricultural inputs like
water for irrigation, amount of solar radiation that affect plant
growth, as well as the prevalence of pests and diseases. The
anticipated global population could exceed 8.5 billion by the
year 2025, but at the same time the demands of this growing
population for food and other agricultural commodities still
remain uncertain Agriculture sector has to meet this
challenge, mainly by increasing production in sustainable
manner. Out of all the factors, which control the agricultural
production, weather is the only factor over which man has
no control and hence it’s dominance over the success or
failure of agricultural enterprises. As per a study undertaken
by World Meteorological Organization (WMO) to evaluate
the effects of weather on food production, it is found that the
weather-induced variability of food production is more than
10 percent. The weather-induced variability can be as high
as 50 percent of the normal production in respect of smaller
area. In order to reduce risks of loss in food production due
to the vagaries of weather, weather should be taken as one of
the inputs in agricultural planning as well as operations in
various facets of agricultural production (Sastry, 2004). One
of the ways of improving production in agriculture is through
the reduction of the gap between theory and practice. The
gap between theory and practice can only be reduced if correct
methods of communication are implemented. These methods
should be able to support both direct and indirect
communication. By direct communication reference is made
to a situation where feedback can be provided instantly.
Methods such as meetings and farmers’ days are some of the
examples of this mode of communication. Indirect
communication on the other hand, precludes any feedback
of information and media such as books and circulars are
some of the examples that have been employed in this type
of communication. Previously no medium offered an
opportunity to utilize both ways of communication. The
emergence of the Internet, and more specifically the Web, in
the last few years has brought along positive possibilities in
terms of combining these two methods of communication.
These possibilities are even much more encouraging when
the situation in rural communities is taken into consideration,
because these areas are constantly plagued by a lack of access

to information. Because of its ability to allow for both
methods of communication and the relatively cheap costs
involved in providing access, the Web is seen as a major
development in terms of bridging the information gap
(Brunini et al., 1998). It is an operational framework that
provides agrometeorological information to farmers,
extension services and other stake holders regarding the type
of soil, crop development, agricultural practices, pest
management, irrigation requirements, climatic risks (frost,
drought, dry spell), stored water in the soil, water balance,
crop yield, and weather forecast (Shrikant et al., 2011).
Agrometeorological Services in the region should therefore
take advantage of the potential offered by the World Wide
Web in an effort to improve the service they provide to
farmers.

IT initiatives in India for sustainable agriculture

In the era of IT and globalization, various government
bodies, NGOs and leading business territories have come
forward for IT initiatives that support the agricultural sectors
and related activities. Some of these are listed here:

• AGMARKNET : An initiative taken by Department
of Agriculture & Cooperation,
Ministry of Agriculture Govt. of
India. As a step towards
globalization of agriculture, the
Directorate of Marketing &
Inspection (OMI) has embarked
upon an IT project: NICNET based
Agricultural Marketing
Information System Network.
(AGMARKNET) in the country.

• DACNET : The department of Agriculture and
Cooperation (DAC), Ministry of
Agriculture and National
Information Centre (NIC) has
implemented this project.

• ARISNET : Agricultural Research Information
System Network.

• SeedNet : Seed Informatics Network.
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Drought is a normal, recurring feature of climate. It
occurs almost everywhere, although its features vary from
region to region. Defining drought is difficult as it has no
universal definition. All definitions envisage that a departure
from the normal rainfall, whereas the magnitude of departure
varies with the purpose and type. In India, drought and floods
are very frequent hazards as its average annual rainfall varies
from 100 mm in Western Rajasthan to 1200 mm in
Meghalaya. Unlike flood, drought is a slow creeping
phenomenon and no systematic method for understanding
or predicting. In the Nilgiris, with two monsoons (South-
West and North-East) and luxuriant evergreen vegetation,
occurrence of drought is not a common phenomenon like
another part of the country. However in recent years, the
deficit of rainfall has been felt from the view of weekly and
seasonal distribution and it has affected the agricultural
production.

The Nilgiris is located at the confluence of the Western
and Eastern Ghats at latitude of 11°11’ N to 11°42’ N and
longitude of 76°14’ E to 77°01’ E with elevation ranging up
to 2636 m above MSL. The area receives an annual rainfall
of 1228 mm (average of 1961-2010) with non-uniform
distribution from three seasons of the year viz., May to August
(South-West monsoon), September to November (North- East
Monsoon) and December to April. In Nilgiris, the commonly
grown annual vegetable crops are potato, cabbage, carrot,
beans, radish etc. mostly under rainfed condition with
supplemental irrigation depending upon the availability of
water. As the rainfall is non-uniformly distributed, weekly
and seasonal analysis of rainfall for drought characterization
is very much important for crop planning.

Several investigations have been made for
meteorological drought analysis for different regions of the
country. Sharma et al., (1979, 1987a and b) analyzed the
drought using the definition of drought month as the month
in which actual rainfall is 50 percent less than the average
monthly rainfall and the abnormal months in which it is 200
per cent more than the average monthly rainfall. Drought
year is the year receiving rainfall less than or equal to the
average rainfall minus the standard deviation of the series.
Ray et al., (1987) and Dabral (1996) used these definitions

to study the drought in Gopalpur (Orissa) and Ranchi,
respectively. In the present study, the daily rainfall data for a
period of 50 years (1961-2010) collected from the
meteorological observatory of Nilgiris were used to determine
the magnitude and frequency of the meteorological drought
in terms of rainfall deficiency from the average rainfall for
the Nilgiris. The weekly rainfall in terms of standard
meteorological week from the onset of the South-West
monsoon till recession of North- East Monsoon, seasonal
and annual rainfall were analyzed using the criteria as
described by Sharma et al., (1979), Sinha (1986), Ray et al.,
(1987), Darbal (1996) and Pandey et al., (2002) to find out
the drought occurrences.

Weekly rainfall analysis

The weekly rainfall ranges from a minimum of 17.4
mm at the end of the northeast (NE) monsoon (48th MW) to
a maximum of 55.2 mm in the early part of south-west (SW)
monsoon (27th MW). The total rainfall received during the
south-west monsoon period is about 42 per cent of the average
annual rainfall and that of North-East monsoon is about 35
per cent. The remaining 23 per cent of the average annual
rainfall is non-uniformly distributed during the rest of the
year. The chance of a particular week to receive normal
rainfall is about 49 per cent during the SW monsoon as
compared to 44 per cent during the NE monsoon with 12-13
per cent having abnormal weekly rainfall in both the seasons.
Therefore, the probability of getting drought in any
meteorological week is about 39 and 43 per cent during South
West and North East monsoon, respectively. The average
weekly rainfall during the post monsoon period is only 11
mm with 63 percent probability of getting drought.

Monthly rainfall analysis

The average maximum monthly rainfall occurred in the
month of July (213.8 mm) followed by October (167.6 mm)
and June (165.0 mm) with minimum in January (7.8 mm).
There is a nearly uniform distribution of rainfall during SW
and NE monsoon period with an average of 160 mm. From
50 years of rainfall data, it has been observed that there is 83
percent probability of getting the normal or more monthly
rainfall (76 % normal and 7 % abnormal) with only 17 per




