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ABSTRACT

Foliar rust disease is a real threat to the wheat crop of Pakistan from few last years. Humid
conditions are very favorable for the proliferation of the stripe rust especially in the rain-fed region of
the Punjab. This piece of research is done to find the hotspots of the stripe rust in the Jhelum
district. Two surveys were conducted for the primary and secondary data collection. Thirty two
samples were collected. Threshold values were obtained by using ArcGIS 10.2 application to
generate baseline hotspot maps. No one village or district could be highlighted as hot or cold spot,
as it changes every year. Increased temperature and heavy rainfall played a very crucial role in
spreading of this disease. Intensity of rainfall ranges from 94.6%-140% in month of February which
highly thrives the stripe rust by providing moist conditions. Optimal temperature range for wheat
crop growth was found as 12°C to 25°C. Hailstorms also badly inflicted damage to the wheat crop
especially at some places at the Dina tehsil of Jhelum district.
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1. INTRODUCTION

Pakistan is an agricultural country, blessed with
fertile soil and optimal climatic conditions for the
variety of crops and plants. Its climate is
favorable for both Rabi and Kharif crops. The
most important Rabi crop is wheat crop as a
staple food in this region. There are mainly thirty
different wheat varieties being cultivated, out of
which some are high yielding while others have
low yields [1-3]. Yield of wheat crop in Pakistan
has been decreasing from many years due to
some abiotic and biotic factors. Abiotic factors
constitute the changing climatic conditions while
biotic factors include fungi, viruses, nematodes
and some bacterial agents [4]. In 2014,
estimated yield loss was about 25.33 million tons
of wheat especially in KPK province of Pakistan.
This study was based on the stripe rust disease
or yellow rust of the wheat crop in the Jhelum
district (includes in rain-fed region of Punjab) of
Pakistan. It is widely spreading disease
especially in the rain-fed areas of Punjab. This is
an air-borne disease caused by Puccinia
striiformis and show symptoms as yellow
pustules stripes on the leaves and heads of the
plant [5]. Climatic conditions are very important in
the stages of wheat growth namely germination,
growing period and the latent period. Abnormal
variations in temperature, precipitation rate,
humidity and wind play key roles in the
production of diseases [6,7]. Reilly reported in his
study that those regions which are having higher
temperature ranges are more susceptible to the
fluctuation in the optimum temperature which is
required for the crop growth [8].

Geographical Information System (GIS) is a vast
field, provides a platform to relate ground
coordinates with some spatial database like
diseases, trends or any other pattern prevalent in
that particular area. It is widely used in the crop
assessment and its management [9]. In this
study, hotspot analysis tool and incremental
spatial autocorrelation were used to identify the
threshold values and hot or cold spots of yellow
rust by using ArcGIS 10.2.

2. MATERIALS AND METHODS

This study has a major focus on finding the
hotspots for yellow rust disease in the Jhelum
district of Punjab. Two types of data were
collected; primary and secondary. Ground truth
values and disease data for 2014 was collected
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as primary data while secondary data includes
guide map, climate date and the disease data for
the year 2010-14.

2.1 Calculation of Disease Incidence

Incidence of the yellow rust was used to find the
percentage of the disease in the whole crop.
Sample points were collected in diagonal pattern
in the field.

Incidence of the disease was calculated by using
the following formula [10]:

Incidence (%) =

(Foliarin class 1) + (foliarin class 2) + (foliarin class 3) _ 100

Total foliar in samples 3

Field was equally divided in 3 parts or classes for
incidence calculation. It can be divided in more
classes then according formula changes.

2.2 Temporal Analysis

Temporal patterns were observed between the
yearly temperature, humidity and precipitation
data and the foliar rust diseases. Bi-variable
correlation (Pearson’s correlation) was used to
correlate the yearly climate data and the foliar
rust disease.

2.3 Incremental Spatial Auto Correlation
(Global Moran’s | Statistics)

It is mainly used to spatially correlate the disease
points and to find their clustered or dispersed or
random pattern on the globe. The Moran’s |
statistics for spatial autocorrelation is similar as
the Pearson’s correlation statistics [11-13].

2.4 Hotspot Analysis

In spatial distribution, the condition of clustering
is called hotspot [14]. Each characteristics of the
input feature class is manipulated and it's P-
value and z-score are calculated by using
‘hotspot analysis tool’ in ArcGIS 10.2.

3. RESULTS AND DISCUSSION
3.1 Disease Assessment

Visual assessment of the stripe rust includes
severity and prevalence. The data gathered in
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visual assessment was also beneficial in the
incidence calculation of the disease. This data of
the disease was further required in the
autocorrelation and hotspot analysis. Disease
incidence of the stripe rust in the Jhelum district
was calculated as shown in Table 3.1.

3.2 Temporal Analysis

Temporal analysis was used to find the temporal
variation of yearly temperature, precipitation and
humidity with stripe rust disease of the Jhelum
district as shown in Fig. 3.1 independent climatic
variables were plotted with the stripe rust disease
incidence.

Fig. 3.1 shows that the stripe rust is especially
significant with the maximum temperature.
Increasing temperature provides the optimum
proliferation conditions for the stripe rust. Table

3.2 also shows the relation of yearly temperature,
humidity and precipitation with the stripe rust
disease incidence by using SPSS software.

Table 3.2 shows the positive relation of the
temperature with the stripe rust. Temperature
has significant statistical value in association with
the temperature. Bi-variable correlation was used
to find the correlation of the independent variable
with the dependent variable.

3.3 Incremental Spatial Autocorrelation

Incremental spatial autocorrelation tool mainly
used to measure the spatial distances in the
aggregated incident data. The input feature class
must have variable values; its script does not run
if all the values have 1. Moran’s | statistics was
used to increment these spatial distances. The
tool calculated z-score and the P-value by

Table 3.1. The stripe rust disease incidence of the Jhelum district for year 2010, 2011, 2012,
2013 and 2014

SIN Place 2010 2011 2012 2013 2014
1 Kandwal 22 40 12 5 35
2 Langar 25 42 14 5 35
3 Dhok Gondal 24 45 15 5 42
4 Choran 25 45 10 10 65
5 Khewra 20 50 20 12 70
6 Gharibwal 10 65 30 12 45
7 Haranpur 12 60 25 13 45
8 Chak Danial 15 65 28 15 30
9 Shakarpur 18 55 20 5 30
10 Wagh 20 50 20 8 60
11 Matarial 14 45 10 10 60
12 Qadirpur 13 70 15 8 60
13 Ruhamati 14 80 10 15 65
14 Hamwala 15 65 8 20 75
15 Dariala 17 75 14 15 30
16 Mal 16 80 12 15 35
17 Mohra Mothan 20 80 12 15 40
18 Fatehpur 19 70 15 10 40
19 Raipur 18 65 20 8 65
20 Thalla 17 40 22 5 65
21 Rasulpur 16 45 25 5 70
22 Sultan 10 45 30 10 30
23 Dhok Gujra 12 50 30 20 35
24 Kalan 12 70 30 18 35
25 Jandot 12 75 28 15 35
26 Ratial 13 65 25 10 50
27 Salli 15 50 15 10 60
28 Sagri 16 55 18 5 65
29 Rihana Jattan 20 45 12 5 30
30 Dhok Khingriala 18 40 10 10 30
31 Chhaja 16 55 18 15 35
32 Chak Nalla 14 50 15 10 35
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Fig. 3.1. The temporal analysis of the stripe rust of Jhelum district with independent
climatic variables

2010
6.00
s | N
2 4.00
3 3.00 (‘
N 2,00 =7 _scOre
1.00
0.00

0.00 20000.0040000.0060000.0080000.00.0:0000.00
Distance

Z-score

-2.00

-4.00

2011

\
AN

.00 20000.00 40000.00 6000%g0 80000.00100000,00 #2score

Distance

4.00

2.00

0.00

=)

2012 2013
2.00 2.500
1.00 ﬁ\i 2.000
2 000 g 1.500 IA\
2 1000 00.0 1000 »
[3 200 ==z score N (500 e=fmmz_score
30 0000
’ V4 -0,5000-0020000.00 0000.00100000.00
-4.00 N Distance
2014
1.50
1.00
2
3050 ——
K, g7 SCOLE
0.00

ol

-0.50

00 20000.0900%)60000.080000.0}1}0000.00

Distance

Fig. 3.2. The spatial autocorrelation of the stripe rust in the Jhelum district for year
2010 to 2014

computations the data. As output, the
autocorrelation’s table is obtained; optionally line
graph is also made. Peak values are the values
having higher z-score and as a threshold
distance for many other parameters. Fig. 3.2
shows the incremental spatial autocorrelation of
the stripe rust of the Jhelum district for year 2010
to 2014.

Fig. 3.2 shows that the high peak was obtained
in year 2010. Low P value and the high z-score
promoted to get high peak in the graph. More
than one peak can also be obtained, any peak
value can be wused according to the
corresponding parameter, but first peak is the
most significant one.
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3.4 Hotspot Analysis

The Getis-OrdGi* statistics was used in the
hotspot analysis. High or low clustering depends
upon the values of z-score and P values. The P
value and Z score were itself calculated by the
hotspot tool and placed in the output feature
class automatically. Spatial clustering by using
this tool was more pronounced as compared to
the random interpolation. Fig. 3.3 shows the hot
and cold spots of the stripe rust in the Jhelum
district for year 2010, 2011, 2012, 2013 and
2014.

Fig. 3.3 shows the hot and cold clusters on the
basis of statistically calculated z-score and P
value. High z-score promoted more clustering,
and value near zero shows the less or no
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clustering. For a year 2011, highest the z score
indicated more disease. These results
highlighted the 2011 as the hot year as
previously indicated in the temporal analysis.

In the case of stripe rust on wheat crop in Jhelum
district, the minimum incidence was 10% and
maximum was 25% in 2010. In 2011, the
minimum incidence was 40% and the maximum
was 70%. In 2012, the minimum incidence was
10% and maximum was 30%. In 2013, the
minimum incidence was 5% and the maximum
was 15%. In 2014, the minimum incidence was
30% and the maximum was 70%. The years
2011 and 2014 were the most disastrous years
for the wheat crop in Jhelum district with
reference to stripe rust.
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Fig. 3.3. Cold and Hot spots of the stripe rust in the Jhelum district for year 2010 to 2014
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Table 3.2. The pearson’s correlation of the yearly temperature, humidity and precipitation with
the stripe rust incidence

Temperature Humidity Precipitation Stripe
Temperature .230 .041 .012
Humidity 230 .097 .078
Precipitation .041 .097 .048
Stripe 012 .078 .048

4. CONCLUSION

Present study was conducted to find the hot and
cold spots of the widely spreading foliar rust
disease. Baseline study was proposed by finding
global/spatial pattern of the disease on the basis
of spatial disease data. The result revealed the
statistically significant incremental distances of
possible high or low clustering, on the basis of
which hotspots were found. Disease was found
blowout in almost whole of the districts, as it is an
air-borne disease and the wind could move it
from one point to another easily. Not a single
village or the tehsil remained as hotspot for all
the years. Rather, every year it was a different
place which proved a hotspot or cold spot.
Temporal variation of the stripe rust helped to
find its relation with climatic variables. Pearson’s
correlation also proved the disease dependence
on the climatic variables. Temperature was
favorable for stripe rust which shows that the

disease was increasing in that temperature
range.
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