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Bundelkhand region, one of the vulnerable areas in
central India, is prone to frequent drought and crop
failure due to annual rainfall variability. In this study,
long-term (113 years) fine resolution (0.25° x 0.25°)
daily gridded rainfall data has been analysed to depict
a spatial variation of annual rainfall over Bundelk-
hand. An increase in annual rainfall has been ob-
served from north to south of the study area. A
declining trend varying from 0.49 to 2.16 mm per year
is observed in annual rainfall time series in most parts
of the study area. Trend analysis of monsoon rainfall
shows overall declining trend over the study area.
Rainfall events are categorized in various classes and
their spatial trends over Bundelkhand are depicted.
Kharif crop calendar (July—September) as well as its
yield in India, including Bundelkhand, is primarily
based on monsoonal rainfall parameters. A study on
the relationship between groundnut yield and mon-
soonal rainfall parameters for Jhansi district in
Bundelkhand shows highest correlation (0.46) between
groundnut yield and rainfall class 3 events (16 <
rainfall intensity, mm day™' <32) occurred in a year
followed by cumulative rainfall amount precipitated
during June—July (JJ). The frequency of rainfall class
5 type (64 < rainfall intensity, mm day ™' < 128) as well
as a delay in onset of monsoonal rainfall have shown a
negative correlation with groundnut yield. This study
depicts rainfall pattern over the study area and identi-
fies the vulnerable areas that are likely to experience
more water stress due to rainfall variability.
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DEVIATION from normal rainfall in a region has an im-
mense effect on the availability of water resources for
agriculture'. In spite of recent advances in technologies,
weather and climate are still the deciding factors for agri-
cultural production’. Variability of climatic parameters
such as precipitation and temperature, etc. affects crop
growth stages and thus, influences the crop yield. In crop
season, deviation in timing of seasonal rainfall puts far-
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mers in surmise to opt for the right time for sowing crop
seeds and applying agricultural inputs’. New challenges
are arising such as increased intensity of infestation of
diseases in crops and propagation of new crop diseases
etc. due to the climatic variability*. The frequency of nat-
ural hazards, particularly drought and flood events, has
been increased worldwide’. Many a time, high-intensity
rainfall events that occur in the offseason cause huge crop
damage and put farmers in economic stress. According to
the Fifth Assessment Report of Intergovernmental Panel
on Climate change®, the global average surface tempera-
ture over India will rise from 1.7°C to 2.2°C in the 2030s
compared to 1970s, along with the increase in the number
of monsoon break days and extreme rainfall events. Ris-
ing mean and diurnal temperature and frequent occur-
rences of extreme precipitation events are reported in
many parts of the world’'°. Decline in the number of
monsoon break days'' and monsoon depressions'?, spati-
otemporal analysis of annual and seasonal rainfall'® and
drought intensity and its frequency'*'® over India has
been studied extensively and some of them tried to link
these parameters with changing climate'*. It has been
predicted that freshwater availability in most of the big
Indian rivers will decrease due to climate change and the
probable change of water resources for major Indian river
basins have been quantified'’.

Many researchers have carried out region-specific rain-
fall trend analysis over India particularly over its central
part. Kumar et al.'® reported a declining trend of annual
rainfall over central India and north-east India, and an
increase in annual rainfall in other parts of India while
analysing rainfall data for the period 1871-2005. Rajee-
van et al."’ observed an increasing trend of extreme rain-
fall events in the last five decades over central India
which is attributed to the increasing trend of sea surface
temperature. Increase in extreme rain events has also
been reported over central India by many workers®®?'.
Various studies reported the effect of rainfall variability
on crop yield. Several workers observed a strong correla-
tion between Indian summer monsoon rainfall and food
grain production over India’>?*. Selvaraju® and Subash
et al*® studied the effect of Indian monsoon rainfall on
rice productivity over India. They showed that Indian
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monsoon rainfall is greatly affected by El Nifio events
and reported up to maximum 21.9% reduction in rice
productivity in an El Niflo year.

The present study is carried out over Bundelkhand
region, located in the central part of India which often
faces drought as a result of inter-annual rainfall vari-
ability. Several studies have been carried out on Bun-
delkhand region focusing on trend analysis of long-term
rainfall’’ ', Most of these studies analysed rainfall
data of few observed rainfall stations and drew
conclusions on rainfall variability using the coarse
resolution data. These studies lack systematic analysis of
various rainfall class types. In our study, the continuous
spatial variation of annual and monsoonal rainfall and its
trend over the Bundelkhand region has been carried out
based on fine resolution 0.25° x 0.25° gridded rainfall
data derived from more than 70 observed rainfall stations.
Particular rain class types are important form the agricul-
tural point of view. Rainfall events are categorized into
various classes and spatial variation of their trend is
shown in this study. Groundnut is one of the important
kharif crops of Bundelkhand often affected by rainfall
variability’”. As a case study, the correlation coefficient
between groundnut yield and various rainfall parameters
was determined for Jhansi district to help in understand-
ing the dependency of groundnut yield on various rainfall
parameters.

Materials and methods

Study area

Bundelkhand region located in the central part of India
comprises seven districts of Uttar Pradesh and six dis-
tricts of Madhya Pradesh (Figure 1). The districts that be-
long to the state of Uttar Pradesh are Jhansi, Lalitpur,
Mahoba, Chitrakoot, Banda, Hamirpur, and Jalaun while
the districts Sagar, Damoh, Chhatarpur, Tikamgarh, Pan-
na, and Datia come under Madhya Pradesh. The total
geographical area of Bundelkhand is 7.16 million hectare
(Mha) and lies between 23°20'N and 26°20'N lat. and
78°20°E and 81°40’E long. It is predominantly an agra-
rian economy as about 82% of its population depends on
agriculture". Cereals (54.6%) are the major agricultural
produce of this area followed by pulses (32.4%), oilseeds
(8.0%), sugarcane (0.2%) and other crops (4.8%) for
normal rainfall years. Major soils of this region include
alluvial, medium black, and mixed red and black soils.
The topography of the region is characterized by rugged
landscape, shallow soil depth with frequent presence of
rocky outcrops and boulder-strewn plains. Bundelkhand
region comes under the semi-arid region and faces acute
water shortage mostly during summer due to the poor
water holding capacity of the soils. A vast part of the
agricultural area of Bundelkhand is rainfed and major
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crops cultivated during kharif (monsoon season) are
groundnut, soybean, urad, moong, sesamum, etc.

Data used

Gridded daily rainfall data of resolution 0.25° X 0.25° for
the period 1901-2013 (113 years) procured from the
India Meteorological Department (IMD) is used in this
study. Details of this gridded rainfall data are given in
Rajeevan ef al.'’. IMD is the nodal agency in India for
recording and distributing the meteorological data. This
gridded rainfall data is prepared from the ground-
observed rainfall of various stations using the technique
suggested by Shepard®®. Rainfall data of 156 grids spread
uniformly over Bundelkhand and its 30 km buffer area
are analysed, out of which 53 grids fall outside the actual
boundary of Bundelkhand. The quality of rainfall time
series data at each grid is checked thoroughly for consis-
tency as well as missing rainfall data by IMD before its
distribution for use. Apart from rainfall analysis, this
study also aims to assess the impact of various rainfall
parameters such as rainfall amount, rainfall event size,
number of rainy days, etc. on groundnut production.
Groundnut is one of the major cultivated crops of kharif
in Jhansi district and also due to easy access of the agri-
cultural data, groundnut yield data for 1991-2013 were
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Figure 1. Location map of the study area.
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collected from the district Agricultural Office Jhansi,
Government of Uttar Pradesh, India.

Testing homogeneity of time series data

Homogeneity tests check whether a time series belongs to
one population with a time-invariant mean or changes
occur in the time series with time. Non-homogeneity in
time series occurs when there is a change in the method
of data recording or change in environmental condi-
tions**. Cumulative deviation test is one of the robust
statistical tests used widely for checking homogeneity in
time series data®. The null hypothesis assumes that the
time series variable has the same mean whereas the alter-
nate hypothesis assumes that the mean of the series
changes with time®*. Homogeneity of a time series is
tested using the test statistic, O, which is written as

%3k
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where S, x;, X and N are the sample standard deviation,
data value, mean of the data series and number of data
values respectively. A high value of O implies non-
homogeneity of the time series. Critical values of O/ JN
are given in Buishand®’.

Trend analysis

In this study, Modified Mann-Kendall (MMK) test’®
along with Theil-Sen estimator’”*® is used for trend ana-
lysis of annual and seasonal rainfall time series data of
113 years at taluk scale (a taluk is a subdivision of a dis-
trict comprising of several villages) of Bundelkhand. A
positive value of the MMK test statistic (Z) signifies an
increasing or upward trend whereas its negative value
suggests a declining trend of the time series variable. If
|Z| > Zy_o, the null hypothesis (Hp) of no trend in the
time series is rejected at significance level a=0.05.
Z\_gn 18 the value of standard normal variate with a prob-
ability of exceedance of ¢/2.

If a linear trend exists in the time series data, the mag-
nitude of the positive or negative trend is estimated by a
non-parametric test, known as Theil-Sen estimator. Posi-
tive and negative signs of the test statistic of Theil-Sen
estimator suggest increasing and decreasing trend in the
time series.

In addition, daily rainfall data of each year of each grid
has been categorized into six rainfall intensity classes
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based on Alpert er al.*'. Time series consisting of data of
annual occurrence of each rainfall class at each grid (he-
reafter referred as rainfall class) is also assessed for
trend. Inverse distance weighting interpolation method*
is used for representing the spatial variation of annual
rainfall and its trend. In addition, the spatial variation of
the trend of each rainfall class is shown over the study
area. Monsoonal rainfall is the backbone of kharif agri-
culture (July—September) in Bundelkhand. Any signifi-
cant deviation of normal monsoonal rainfall will have an
obvious impact on agricultural production vis-a-vis the
economy of an area, particularly for south-east Asia. To
depict an overview of the monsoonal rainfall trend over
Bundelkhand, five representative districts, viz. Jhansi,
Panna, Hamirpur, Sagar, and Chhatarpur (hereafter analy-
sis carried out jointly on these districts referred to as rep-
resentative Bundelkhand region) located in the east, west,
north, south and central part respectively, of the Bun-
delkhand region are chosen. The rainfall grid located
nearest to the respective district headquarters of the rep-
resentative Bundelkhand (RB) region is assumed to be
representing the rainfall of that district.

Correlation analysis

In order to determine the relationship between various
rainfall parameters and groundnut yield, the correlation
coefficient is used here. Statistical Z-score as discussed
by Jain er al.’' is used in this study to represent the mon-
soonal rainfall. Z-score is presented as

Z-score = u, )
o}

where x; is yearly monsoonal rainfall, X is the average
monsoonal rainfall and o is the standard deviation of the
monsoonal rainfall. Similarly, Z-score is calculated for
cumulative rainfall that occurred in June—July months. It
is the observation of farmers of Jhansi that monsoonal
rainfall starts in Jhansi mostly in the last week of June.
Normally, the climate in the last week of June or first
week of July is favourable for sowing groundnut in Jhan-
si subject to the normal occurrence of monsoon. Due to
the occurrence of monsoonal rainfall in the last week of
June or first week of July, soil moisture stock in root
zone increases which allow farmers to sow groundnut at
Jhansi condition. Availability of soil moisture in suffi-
cient quantity in the root-zone depth of groundnut plant is
important for germination of groundnut seed*’. Hence, it
is assumed that normal occurrence of total rainfall in June
and July (JJ) is also important than total monsoonal rain-
fall for optimum groundnut production. Groundnut crop
requires about 500-700 mm of water for its optimum
production in various places in semi-arid conditions of
India**. Long-term average monsoonal rainfall at Jhansi
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is reported to be about 800 mm, which is apparently suf-
ficient for groundnut production, subject to the normal
occurrence of monsoonal rainfall amount and its proper
distribution throughout the monsoon season. It is also re-
ported that excess rainfall affects in varying degree in dif-
ferent stages of groundnut plant particularly during
seedling followed by vegetative stage®. Hence, rainfall
parameters, viz. rainfall amount in monsoon and JJ,
occurrences of a number of rainfall events of varying
intensities in JJ and delay in monsoon onset date from
normal will have a varying effect on optimum groundnut
yield. To understand the influence of these rainfall para-
meters on groundnut production, a correlation study was
carried out between groundnut production and each of the
rainfall parameters for Jhansi district. Rainfall parameters
for Jhansi district were computed by taking an average of
the rainfall parameters corresponding to each rainfall grid
falling within the periphery of Jhansi district.

Results and discussion
Homogeneity

It is a tedious job to check the consistency in all the time
series data for 156 grids. Hence, consistency in all the
time series data corresponding to the rainfall grids stand-
ing for RB region was tested for homogeneity as an arbi-
trary check. It was observed that the values of cumulative
deviation test statistics (Q/\/N) for all the time series
were within the critical limit (value of the critical limit of
cumulative deviation test statistics for sample size 113 is
1.30) except for the time series of Panna and Chhatarpur
(Table 1). Values of the homogeneity test statistics are
well below the critical limit for the annual and monsoonal
rainfall, which indicates no significant change in the rain-
fall pattern over the study years. However, homogeneity
test statistics values for the time series for rainfall class 1
for Panna and Chhatarpur indicate a change in annual
occurrence of rainfall class 1 events. Hence, the results of
the homogeneity test prove overall consistency in the
time series data.

Annual rainfall variation and its trend analysis

It is observed from the analysis of annual rainfall time se-
ries data that average annual rainfall over Bundelkhand
varies from lowest 760 mm to highest 1227 mm at Datia
and Damoh districts respectively (Figure 2 @). Increase in
annual rainfall amount is observed from north to south of
the study area. The occurrence of higher mean annual
rainfall in southern districts of Bundelkhand and lowest
mean annual rainfall in Datia district is also reported by
Jana et al.*' while analysing district-wise monthly rainfall
time series over the period 1901-2000. Trend analysis of
annual rainfall time series shows a decreasing trend
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almost throughout Bundelkhand except in few places of
Datia and Sagar districts where an insignificant increas-
ing trend in annual rainfall has been observed (Figure
2 b). The highest declining trend of 2.16 mm per year in
annual rainfall was observed in Hamirpur taluk of
Hamirpur district; Banda, Baberu, Karwi and Mau taluks
of Banda district and Lauri taluk of Chhatarpur district,
whereas lowest declining trend of 0.49 mm per year was
observed in Jhansi and Mau Ranipur taluks of Jhansi
district; Nivari and Jatara taluks of Tikamgarh district;
Lalitpur taluk of Lalitpur district; Khurai and Rehli taluks
of Sagar district and Damoh taluk of Damoh district. The
increasing trend of 0.42 mm per year in annual rainfall is
observed in Datia and Seondha taluks of Datia district
and Sagar taluk of Sagar districts. The increasing trend of
annual rainfall in Datia district is also reported by Rai et
al?’ while analysing the annual rainfall of 1942-2008.
Figure 2 b also depicts maximum declining trend in an-
nual rainfall in north, north-east and eastern parts of
Bundelkhand comprising of Jalaun, Hamirpur, Banda,
Chitrakoot, Panna, and parts of Mahoba districts which
complies with the findings of Jana er al’'. National
committee on the development of backward areas during
1981 also declared these districts as drought-prone areas
based on the criteria if precipitation occurs in significantly
less quantity in main crop season in three years out of
every 10 years (www.bundelkhandinfo.org.in). Around
89% and 11% of total 156 grids show declining and in-
creasing trend, respectively, in annual rainfall time series
(Figure 2 ¢). A significant (P <0.05) declining trend is
observed in 32% grids mostly located in the north, north-
east and eastern part of the Bundelkhand (Figure 2 b).
Around 56% of the total grids showing significant declin-
ing trend as shown in Figure 2 b were located within the
geographical boundary of Bundelkhand.

Although Jana er al.’' reported an increasing trend of
annual rainfall in most of the districts of Bundelkhand
under Uttar Pradesh, our findings of the declining trend
of annual rainfall comply with the findings of most re-
searchers'**. However, declining trend of annual rainfall
in Bundelkhand districts of Madhya Pradesh is invariably
reported by all researchers'>?’*'. Rainfall break of 10
days or more during monsoon with a frequency of equal
to or more than one is common invariably in every year
in every district of Bundelkhand. It affects the rainfed
agriculture of Bundelkhand and hence provision of sup-
plemental irrigation is recommended for optimum crop
production under this changing rainfall scenario'*.

Monthly rainfall variation and monsoonal rainfall
trend

Monthly rainfall time series is derived from monthly
average rainfall of the grids corresponding to the RB
region. Figure 3 a shows the monthly distribution of rain-
fall over RB. It is observed that on an average about 90%
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Table 1. Cumulative deviation test statistics (Q/+/N) for various time series
0/NN
Time series Jhansi Panna Hamirpur Sagar Chhatarpur
Annual rainfall 0.20 0.80 1.07 0.99 0.23
Monsoonal rainfall 0.37 0.79 1.05 0.93 0.18
Annual occurrences of rainfall class 1 0.72 1.86 0.99 0.76 1.42
Annual occurrences of rainfall class 2 1.30 0.46 0.60 0.72 0.84
Annual occurrences of rainfall class 3 0.34 0.31 0.66 0.48 0.60
Annual occurrences of rainfall class 4 0.55 0.99 0.46 1.08 0.56
Annual occurrences of rainfall class 5 0.50 0.34 0.58 0.82 0.37
Annual occurrences of rainfall class 6 0.39 0.75 0.52 0.35 1.05

L]
Annual rainfall

Il 751 - 835
I 836 - 900
I ©01 - 950
I 951- 1050
[ 1051- 1100
1101 - 1200
1201 - 1251

Figure 2.
and negative trends over the study area.

of the annual rainfall occurs during the monsoon season
(July—September). Specifically, monsoonal rainfall in
Bundelkhand is concentrated in two months, viz. July and
August. However, it has been observed that maximum
monthly rainfall occurs in August (Figure 3 a). Trend
analysis of monsoonal rainfall over the RB region reveals
its declining trend at all places except Sagar (Figure 3 b).
A significant (P <0.05) declining trend in monsoonal
rainfall was observed in Jhansi and Hamirpur (1.44 mm
per year). A declining trend in monsoonal rainfall was
observed at Panna (1.06 mm per year) and Chhatarpur
(0.74 mm per year), whereas an insignificant (P < 0.05)
increasing trend in monsoonal rainfall of 0.53 mm per
year was observed in Sagar district. A significant falling
trend of monsoonal rainfall in other districts such as Chi-
trakoot and Mahoba was reported by Thomas et al.">.
Like annual rainfall, falling rainfall trend in monsoon
season as reported by our study and most other stu-
dies'®** contradicts the findings of an increasing trend in
monsoonal rainfall by Jana et al.’'. The increasing trend
of rainfall in pre-monsoon (March—June) and declining
trend in the rest of the seasons in Bundelkhand was
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a, Spatial variation of annual rainfall in mm; b, its trend (mm per year); ¢, pie chart representing percentage of grids following positive

reported by Rai ef al.”® and Thomas ef al."*. It is reported

that the amount of monsoonal rainfall has become half of
its long-term normal amount during the last two decades
resulting in continuous drought lasting for 4-5 years.
This has caused repeated crop failures and farmers are
forced to migrate to nearby big cities for work as daily
labourers*®. Bundelkhand is also known for its drinking
water crisis. Women used to travel long distances to fetch
drinking water. It is reported that a decrease in rainfall in
Bundelkhand caused inadequate groundwater recharge
resulting in dying of hand pumps and wells which are the
main sources of drinking water. Thus, water scarcity for
drinking and crop production due to occurrence of inade-
quate rainfall has caused the life of Bundelkhand people
to be more stressful®’.

Trend analysis of rainfall classes

Time series of rainfall classes corresponding to each grid
for the whole of Bundelkhand comprises of 156 grids and
representative Bundelkhand region comprises of 5 grids
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were prepared. In addition, another six time series corres-
ponding to six rainfall classes were prepared by taking
the average of the respective rainfall class for the grids
representing the RB region for frequency analysis or cal-
culation of annual occurrence of the respective rainfall
classes (Figure 4). Light to moderate intensity rainfall
classes (class 1: intensity <4 mm day ', class 2: intensity
<16 mm day ' and class 3: intensity <32 mm day ') were
observed more than the high intensity rainfall classes
(class 4: intensity <64 mm day ', class 5: intensity <
128 mm day ' and class 6: intensity > 128 mm day '). On
an average, the frequency of class 1 was observed to be
42 whereas, the frequency of classes 2 to 5 was observed
to be 30, 12, 6 and 2 respectively, in a year. The
occurrence of class 6 rainfall type was rarely observed.
While analysing the trend of time series of rainfall
classes, it has been observed that frequency of light to
moderate rainfall class types, viz. classes 1 to 3 follow a
declining trend in most places of Bundelkhand (Figure
5 a—c). The declining trend is observed in 99, 86 and 75
grids out of 156 grids for rainfall classes 1, 2, and 3 re-
spectively, of which 86, 57 and 53% grids have shown a
significant declining trend for these rainfall classes. The
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* Significant at 5% level

Figure 3. a, Normal monthly rainfall in mm; b, monsoonal rainfall
trend over representative Bundelkhand region.
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declining trend of rainfall class 4 is observed in 55 grids
of which 69% grids showed a significant declining trend.
These grids are mostly located in north-east and south-
east part of Bundelkhand. Figure 5 d shows that no trend
(value of Sen slope estimator equal to zero) in rainfall
class 4 exists in the vast area of Bundelkhand. An
increasing trend exists in rainfall classes 1 and 2 in a
significant part of the districts of Bundelkhand namely
Datia, Jhansi, Hamirpur, Mahoba, and Banda comprising
of 31 grids each, of which 55% and 67% grids respecti-
vely, have shown an increasing trend (Figure 5 a and b).
Few places located in the central part of Bundelkhand
have shown an increasing trend for the rainfall classes 3
and 4, although none of the grids have shown significant
increasing trend for class 3. However, only a single grid
has shown significant increasing trend for class 4 (Figure
5 ¢ and b). Almost no trend for rainfall class 5 was ob-
served throughout Bundelkhand except at two grids, of
which one grid has shown significant decreasing trend,
and the other has shown nonsignificant increasing trend
(Figure 5 a). It was observed that the occurrence of rain-
fall class 6 type is very less for the study period. Hence,
no trend was observed for rainfall class 6 in any of the
grids. There has been no systematic study carried out on
trend analysis of a number of rainy days over the study
region previous to our study. The overall declining trend
of rainy days as found in our study was supported by
farmers’ perception of a decrease in number of rainy days
reported in various studies*®*. The declining trend in
rainy days reported in our study supports the truthfulness
of prediction made by IPCC®.

Monsoon onset date analysis

Monsoon onset date for 113 years for the RB region was
worked out based on the method followed by the IMD
described in Rakhecha and Singh®®. The normal onset
date of monsoonal rainfall in India where the monsoonal
rainfall reaches first is 1st June. Then it subsequently
progresses to other parts of India. It has been observed
from rainfall data analysis that monsoonal first shower
invariably occurs in Sagar district and at the end in
Hamirpur district of the RB region. Average date of onset
of monsoon in Sagar and Hamirpur districts is calculated
to be 18th June and 25th June with standard deviation of
8 and 10 days, respectively, whereas onset date of mon-
soon for Panna, Chattarpur and Jhansi districts is calcu-
lated to be 20th, 21st and 23rd June with standard
deviation of 9 days for each district, respectively. From
this analysis, it emerges that monsoonal wind strikes first
at south districts of Bundelkhand and within a week it
spreads over Bundelkhand. If we calculate the average
onset date of the monsoonal shower in Bundelkhand as a
whole, it comes out to be 21st June with a standard devia-
tion of 9 days. Average earliest and latest onset date of
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Figure 4. Average annual occurrences of rainfall classes.

monsoonal rainfall over RB is calculated to be 4th June
and 14th July respectively. Normal onset date of mon-
soonal rainfall in Bundelkhand region of Uttar Pradesh is
reported by IMD as 17th June whereas Deo et al.” re-
ported onset date of monsoonal rainfall for this region as
20th June, both of which invariably support the findings
of our study. This study gives a holistic idea with the
probable date of onset of monsoonal rainfall in various
districts of Bundelkhand which will be helpful to agro
meteorologists to advise farmers about the probable suit-
able date for sowing kharif crops.

Relation between rainfall parameters and groundnut
production

A correlation study was conducted between rainfall
parameters considered in this study and groundnut pro-
duction of Jhansi district for the period 1991-2013. In a
study in Nigeria, Adamgbe and Ujoh®' reported a strong
correlation between the number of rainy days and rainfall
amount with maize yield. In this study, correlation analy-
sis shows that groundnut production is more positively
correlated (0.32) with rainfall amount in JJ than total
monsoonal rainfall amount (0.28). This shows more in-
fluence of rainfall amount in the JJ months than the over-
all monsoonal rainfall on groundnut yield. The onset of
monsoon at the end of June and its normal distribution
throughout July helps proper germination of groundnut
seeds and ensures subsequent healthy growth of the
seedlings. The proper onset of monsoonal rainfall and its
distribution in JJ provides initial vigour to the plants,
which ensures proper development of the groundnut plant
in subsequent stages (pegging and pod development stag-
es) subject to optimum rainfall amount and its distribu-
tion and other associated inputs. Naveen et al.’* reported
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the effect of water stress during flowering and pegging
stage on the reduction of pod yield of groundnut. Kumar
et al® reported a higher correlation (0.64) between
groundnut yield and monsoonal rainfall in India. In this
study, groundnut yield has shown highest correlation with
rainfall class 3 (0.46) followed by class 2 (0.31) than
class 1 (0.10) and class 4 (0.05). It implies more influ-
ence of light to moderate intensity rainfall (classes 1 to 3)
on groundnut yield compared to heavy rainfall class 4.
Groundnut yield has shown a negative correlation with
class 5 type (—=0.0006) rainfall event. Groundnut crop is
susceptible to several diseases and insect pests. Excessive
rainfall increases the chances of fungal diseases in
groundnut, as a result, its yield reduces™. Our result of
the negative correlation between groundnut yield and
rainfall class 5 indicates the detrimental effect of rainfall
class 5 on yield reduction of groundnut. IPCC® has pre-
dicted an increase in the number of high-intensity rain-
falls over India which might be a concern to groundnut
growers. Proper drainage arrangement in the field is re-
quired for this unprecedented threat to avoid the negative
impact of excess rainfall. Delay in onset of monsoon than
the normal in Jhansi was observed to be negatively corre-
lated with groundnut production (-0.13). In this study,
monsoon onset date of each year in Jhansi is calculated
with reference to its normal onset date of 23rd June. If
monsoonal rainfall starts in a year, before and after 23rd
June, monsoon onset date value of the respective year is
considered negative and positive in sign respectively.
Late onset of monsoon causes late sowing of groundnut
seeds which has significant effect in the reduction in
groundnut yield. In a study in South India, Chandrika et
al>* reported significant yield reduction in groundnut
varieties when they have been sown in the second fort-
night of July with respect to the second fortnight of June
and the first fortnight of July.
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Figure 5.

The correlation analysis revealed that rainfall classes 2
and 3, rainfall in JJ and monsoon have more impact on
groundnut yield compared to other rainfall parameters.
Though it may be thought that overall increasing trend in
rainfall classes 1 and 2 (Figure 5 a and b) and no trend in
rainfall classes 3 and 4 (Figure 5 ¢ and d) may have posi-
tive impact in sustaining groundnut yield at Jhansi, de-
clining trend of monsoon rainfall will have more negative
impact on decreasing productivity of groundnut at Jhansi.
Hence, it is expected that sustaining groundnut producti-
vity will be a challenge under changing rainfall scenarios.
Trend analysis shows that rainfall classes 3 and 4, which
occur 12 and 6 times on an average per year, have shown
a declining trend in significant part of Bundelkhand.
These rainfall classes are important from the hydrological
point of view. Major dams in Bundelkhand are filled by
storing the runoff generated especially from these rainfall
events. Rabi season (winter) crops, especially wheat, are
cultivated using this stored water supplied through the
canal in vast areas of Bundelkhand. Hence, the declining
trend in a number of these rainfall classes may create
water shortage in dams, and supply of water may be
restricted particularly during Rabi season (December—
April) which can affect the Rabi crops like wheat, ber-
seem, etc.
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Spatial variation of trend of rainfall: a, Class 1; b, Class 2; ¢, Class 3; d, Class 4; e, Class 5; f, Class 6.

Conclusion

This study shows that most of the rainfall occurs in
Bundelkhand during monsoon season. Rainfall amount
increases from north to south of the study area. Annual
rainfall in most parts of Bundelkhand has shown a
declining trend. Monsoonal rainfall time series over rep-
resentative Bundelkhand has also shown an overall de-
clining trend. Light to moderate intensity rainfall classes
are observed more than the high-intensity rainfall classes.
A declining trend has been observed for light to moderate
rainfall classes in most places of Bundelkhand. A
declining trend of rainfall class 4 is observed in places
located in north-east and south-east part of Bundelkhand.
Almost no trend for rainfall classes 5 and 6 is observed
throughout the study area. It is observed that the
occurrence of rainfall class 6 is very less during the study
period. Groundnut yield shows the highest correlation
with rainfall class 3 events followed by cumulative rainfall
amount precipitated during June—July (JJ), whereas rain-
fall class 5 type and a delay in onset of monsoonal rainfall
are observed to be negatively correlated with groundnut
yield for Jhansi district. Results from this study indicate a
gradual drying up of Bundelkhand due to irregular rain-
fall which will be a challenge to sustain crop yield.
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