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Abstract

The occurrence and prevalence of wheat
yellow rust has severe impact on wheat yield ioss and
grain quality. The air temperature and humidity are
the most direct and important indicators of occurrence
of yellow rust fungal. Generally, weather stations can
provide the dynamic pattern of meteorological data
for site sampled, yet not able to include the
information of spatial heterogeneity. Fortunately,
remote sensing technology has great potential for
providing spatially continuous observations of some
variables over large areas. The present study acquired
time-series moderate-resolution imaging
spectroradiometer (MODIS) land surface temperature
products (MOD11) and field investigations within the
key growth stage of wheat in 2008 and 2009, and
conducted an analysis between land surface
temperature (LST) and the occurrence of the yellow
rust disease with the aid of statistic analysis. The
results showed a significant correlation between
incidence of yellow rust and the temporal LST which
composed by the LST data in winter wheat key growth
stages, and the study indicated the proper LST range
which was suitable to occurrence of wheat yellow rust
and LST of suitable area was classified according to
incidence. It was verified that the prediction yellow
rust occurrence results based on LST was consistent
with field investigation. Therefore, it indicated that the
LST was an effective indicator for predicting the
occurrence of wheat yellow rust over large scale.
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1. Introduction

Yellow rust (Biotroph Puccinia striiformis) is a fungal
disease of winter wheat (Triticum aestivum L.) that
produces Ieaf lesions (pustules) that are yellow in color and
tend to be grouped in patches. The occurrence and
prevalence of wheat yellow rust has a severe impact on
both the quality and yield of wheat. It is reported that
yellow rust can result in approximately 73-85% yield losses,
and gain quality is also significantly reduced (Li et al.,
1989). Consequently, forecasting the incidence of wheat

yellow rust disease and the subsequent use of this
information to facilitate timely making preventive strategies
are critical to enhancing the viability of China’s wheat
production industry in China, particularly for the
applications on large scale area. Habitat factors are driving
forces in plant disease development, and they are essential
in plant disease prediction, including the effect of weather
on different parts of the disease cycle — dormancy,
reproduction, dispersal and pathogenesis (Polley and
Clarkson, 1978; De Wolf and Isard, 2007,).The habitat
factors from weather stations, including temperature,
humidity, rainfall, and so on, are the most important driving
forces in occurrence and development of wheat yellow rust
fungal (Wiik and Torbjorn, 2009; Zeng, 2005). Generally,
normal meteorological data which gained from weather
stations is able to provide the dynamic pattern of
temperature and humidity for site sampled to predicted the
occurrence and development of diseases and pests, and the
density of weather stations in many areas is often quite high
but many stations do not report in near real-time making
them unsuitable for near real-time making applications, and
the limited density of weather stations and considerable
uncertainty is often present in gridded weather products
derived from weather stations(De Wit et al., 2005). Besides,
the meteorological data is also not able to include the
information of spatial heterogeneity typically encountered
in the variable over larger area. Fortunately, remote sensing
technologies have a great potential for providing spatially
continuous observations of those variables on large scale
(Lara et al., 1997). Satellite imagery provides better spatial
coverage over than do surface meteorological data (Seguin,
1999) because they are spatially contiguous and available
over most parts of the earth on a regular basis. Therefore,
the satellite-derived variables instead of meteorological
variables interpolated from stations were more and more
applied in agrometeorological crop simulation models for
monitoring the effect of weather conditions on crop growth
and for predicting crop yields form regional to continental
scales (Challinor et al., 2004; Hansen et al., 2004), and the
results indicated that potential crop yield could be
simulated accurately well wusing MeteoSat-derived
meteorological variables (De Witet al., 2008).

Until now, many prediction models depending on different
regions and methods of wheat yellow rust based on
meteorological data, such as temperature and relative
humidity, and so on, had been developed and extensively
implemented. (Xiao et al., 2007; Jin et al., 2009; Yuan et al.,
2010). However, the study on prediction models and
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method of wheat yellow rust based on satellite-derived
meteorological variables was rare. The aim of the paper
was to study preliminarily on the relationship between the
occurrence of wheat yellow rust and land surface
temperature (LST) derived from moderate-resolution
imaging spectroradiometer (MODIS) in order to predict and
monitor the yellow rust on large scale.

2. Materials and methods

2.1 Survey area and field investigations acquisition

Field experiments of winter wheat were conducted during
the growing seasons (form April to June) of winter wheat in
2008 and 2009. The investigation lacations involved
Longnan district, Tianshui district, Dingxi district and
Pingliang district in GanSu province and Qingyang district
in ShanXi province as well as Linxia district in Ningxia Hui
Autonomous Region (Fig.1), where the climates are
semiarid and subhumid. Survey areas are located between
latitude 32°40°N to 35%°39’N and longitude 103°10’E to
107°40’E, and the mean altitude is over 2000 meter. Due to
the climate condition of surveyed area being characterized
by high humidity and rainfall, yellow rust disease almost
occurs every year, and it is reported that Longnan district is
important overwintering area and oversummering area of
yellow rust fungal (Zeng, 2003).

With the aid of the local department of plant protection, 151
plots, including 68 plots from April to June in 2008, and 83
plots from April to June in 2009, were randomly selected
and surveyed dispersedly distributed in the areas (Fig.1).
The geographical coordinates of each plot were measured
by GPS navigator (MAGELLAN explorist 210) at the
middlemost of the plot. In addition, the disease severity was
inspected.
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Fig.1:Survey area and distribution of investigation

points

2.2 Inspection of disease severity
In order to quantify the severity of the disease of yellow
rust, the leaves of plants were grouped into one of 9
classifications of disease incidence (x);
0,1,10,20,30,45,60,80 and 100% covered by rust. 0%
represented no incidence of yellow rust and 100% was the
greatest incidence. The disease index (DI) was then

calculated using (Li et al. 1989):
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DI (%) = E%x 100

n x

Where f is the total number of leaves of each degree of
disease severity and n is the degree of disease severity
observed (in this work, n ranged from 0 to 8). In each plot,
20 individuals were randomly selected for check.
2.3 MODIS land surface temperature (LST)
(MOD11)

2.3.1 Product description

MODIS Land Surface Temperature and Emissivity (LST/E)
products (named starting with MOD11) provide per-pixel
temperature and emissivity values. Temperatures are
extracted in Kelvin with a view-angle dependent algorithm
applied to direct observations. This method yields the error
less than 1 K for materials with known emissivity. The view
angle information is included in each LST/E product.

2.3.2 MOD11 acquisition and processing

24 MODIIA2 images ( MODIS/Terra land surface
temperature/emissivity 8-day L3 global 1km SIN grid
v005 ) were acquired for free from Web
(http://edc.usgs.gov/#/Find_Data)_from April to July in
2008 and 2009, which covered completely the survey area,
and in which every mouth had 4 scenes images. The raw
data of MOD11A2 imagery was processed and transformed
by MRT tool, and LST products were extracted from
MODII A2 images. Then the survey area was cut by ENVI
from LST images. Followed by that step, 4 scenes 8-day
LST images of every mouth were all averaged, and 6
average LST images, including April, May, June in 2008
and 2009, were obtained. Finally, LST of 151 investigation
points were extracted from 6 average LST images
respectively.

products

3. Results

3.1 Determining LST threshold of infected points

The MODIS temperature products is in 1km spatial
resolution, while the DI of every investigation point only
stands for the incidence of 30m in semi diameter plots, so
the scale of MODIS temperature products seemed to be not
satisfied the investigation points to find relationship
between them. However, spatial variability of LST is slim,
so the law were still exist and a series of results could be
also found by establishing a two-dimensional special
coordinate based DI and LST, in which all investigation
points were displayed (Fig 2). Firstly, the DI ranged from
0% to 100%, and most of infected points ranged from 0%
to 60%. At the same time, according to Fig.2, the LST
values ranged from 292K to 310K, and LST values of most
of infected points distributed in the region from 298K to
306K. Besides, the points in the region of less than 298K
were not infected by yellow rust basically or these DI were
less than 1% expect for one point (296.29K, 16%) which
was thought as abnormal point. In addition, the LST values
of all investigation points were less than 306K expect for
one point (310.09K, 24%) which was abnormal because its
LST was far away from LST values of others.
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