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REMOTE ASSESSMENT OF LEAF RUST OF WHEAT IN CULTIVARS
MIXTURE AND COMPONENT PURELINES
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Foliar disease assessment especially in cereal crops requires a lot of time and precision if done on manual basis.
Moreover, walking through plot during disease data collection can potentiality introduce some observer-caused
errors in form of unnaturally transmitted spores (especially in case of wheat leaf rust). The disease assessment in
cultivar mixtures becomes further complicated due to diverse range of disease intensity.
This paper deals with the remote assessment of wheat leaf rust in cultivar mixtures and component purelines
where the disease assessment was made through using percent reflectance at eight different wavelengths by
using hand-held spectroradiometer. The spectroradiometer measurements indicated that severity of leaf rust
could be assess at 650 nano meter (nm.), when plant were at growth stage 11. Because a linear relationship was
found between leaf rust severity and light reflectance from the crop, the disease could readily and accurately
assessed in cultivars mixtures without physical movement through the crop. These findings suggest that remote
assessment by a spectroradiometer allows (i) objectivity, (ii) accuracy, and (iii) virtual elimination of observer -
caused spore movement
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INTRODUCTION

Field studies on mixed plantings for disease control
typically involve the researcher walking through the
plots while collecting data and perhaps diseased plant
tissue. This type of data collection can potentially
introduce some observers caused error in the form of
unnaturally transmitted spores. Problems also exist in
accurately assessing severity in mixtures because the
leaves often have a very wide range of disease
severities (Wolfe, 1985). A way to avoid these
problems would be to use a remote disease
assessment system.
Whether diseases affect the roots or above-ground
portions of plants, they typically result in some change
in the visible appearance of the plant. Additionally,
changes may also occur which affect the non-visible or
infrared portions of the electromagnetic spectrum.
Leaves reflect 5-20% blue (400-500nm), 10-30% green
(500-600nm), 10-20% red (600-70nm), and 40-60%
infrared (700-900nm) radiation. Refection of visible
radiation is principally a function of leaf pigments, while
infrared radiation depends more on the internal leaf
structure (Brenchely, 1968, Gausman, 1974,
Gausman, 1977). Therefore, remote disease detection
depends on how and to what magnitude a pathogen
affects leaf structure and pigmentation (Ausmus and
Hilty, 1972 Casey, 1978, Colwell, 1956, Lathrop and
Pennypacker, 1980, Toler et al 1981).
Leaf rust caused by Puccinia recondita Rob. ex Desm.
is the most important disease of wheat (Triticum
aestivum L.) in the world (Samborski, 1985). The
disease causes tremendous losses in both forage and

gain yield (Marsha, 1988). Intrafield diversity by mixing
cultivars has controlled leaf rust as well as other small
grain disease (Alexander et al 1986, Chin and Wolfe,
1984, Gieffers and Hesselbach, 1988, Wolfe, 1985).
The objectives of this study were to determine where in
the visible or infrared portions of the electromagnetic
spectrum leaf rust could be best detected, and if
remote leaf rust detection could be used to assess rust
severity in cultivar mixtures.

MATERIALS AND METHODS

Field Plots

Seed of winter wheat cultivars possessing
susceptibility or moderate resistance to leaf possessing
susceptibility or moderate resistance to leaf rust
(caused by Puccinia recondita Roab. ex Desm.) were
mixed and sown at the Texas Agricultural Experiment
Station Research farms located at McGregor, Dallas,
Prosper, Stephenville, and Uvalde. Seeding rate was
84 kg/ ha, and plot size was 1.2m wide and 4.9m long.
Row spacing at McGerogor and Uvalde was 30.5cm
and 17.3m at Dallas, Prosper, and Stephenville. Plots
were bordered on all sides by an oat (CVR. H-833) in
addition to a 1.2m alley of bare soil at the ends of plots.
Each experiments was sown as randomized complete
block design with four replications.

The criteria for cultivars selection within an experiment
were leaf rust reaction, similarity of heading dates and
maturity and height. Thus, the moderately resistant(R)
wheat cultivars, Collin, Siouxland, Thunderbird, and
TX71C8130R, and the susceptible(S) wheat cultivars
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Remote assessment of wheat leaf rust

Hawk, Mustang, TAM 107, and Vona were used in
mixtures. In experiment I, Tam 107 (S), Collin (R) and
TX71C8130R (R) were mixed in ratios of
1/3S:2/3R:1/3R and 2/3S:1/3R+R. Experiment II used
Mustang (S), Vona (S), and Thunderbird (R) mixed in
ratios of 1/3S: 2/3R and 1/3S: 1/3R. In experiment III,
Hawk (S) and Siouxland (R) were mixed in proportions
of 9:1, 3:1, 2:1, 1:1,1:2, 1:3 and 1:9. the cultivars in
each experiment were also grown as pure stands.
Plots were combine harvested and the grain was
weighed to obtain yield (qa/ha), thousand kernel weight
(TKW in g) and test weight (g/1)

Remote Disease Assessment

A spectroradiometer (CROPSCAN, Inc., Fargo, ND)
positioned 1.8m above the crop canopy detected
reflected solar radiation from a 0.9m-diameter circle in
each plot. Reflected radiation was assessed in the
visible wavebands centered at 550, 600, 650, and
700nm, and the infrared wavebands centered at 750,
800, and 850. values of percent reflectance were
stored in a portable computer (Radio Shack, Model
100). Reflectance measurements were taken on all
plots at Feekes' growth stages (GS) 9,10, and 11. at
the same time , leaf rust severity was assessed using
modified Cobb scale with the aid of standard are
drawing (Plant Pathology Laboratory, Herpenden,
Herts., U. K, Lab Key No. 1-3-1) on each ten
randomly-selected flag leaves per plot.

Statistical Analysis

Leaf rust severities and percent reflectance values
were tested for equality of variances by the burr-Foster
Q test and for normality by the Shapiro and Wilk W-
test. Because rust severity data had unequal variances
and nonnormal distributions, those values were
transformed in logits (In [Y/1-Yj), where Y is severity.
Reflectance percentage had equal variances and were
normally distributed. Repeated-measures analysis of
variances was used to analyze the transformed
severity values and percent reflectance. All means
were separated by the least significant difference
(LSD) at a 5% level.

RESULTS AND DISCUSSION

The variance ratios ("F" values) from the analysis of
variance resulting from regressing percent reflectance
at the 8 wavelengths on the logit of disease severity
are shown in Figure 4.1. The "F" value was used
because it provides a statistic for

Ho : B1 = 0
Ha : B1"# 0

where B1 = 0 is the null hypothesis which means that
the variation in X (percent reflectance) does not
contribute to variation in Y (Leaf rust severity). The "F"

I

statistic compares the regression mean square with the
error mean square. Large values of "F" support Ha,
which indicate the wavelengths accounting for most
reflectance variability between levels of leaf rust
severity. Percent reflectance in all the visible
wavelengths (550, 600, 650, and 700nm) had high,
significant "F" statistics, while the infrared wavelengths
(750, 800, and 850nm) were low and insignificant
(Figure 1).

Table 1. Percent reflectance at 650 nm from three
wheat mixture experiments at Feekes"
growth stage 11

Cultivars or Mixture Percent Reflectance
observed expected

Experiment I
Tam 107 (S) 1 5.952 -
Collin (R) 5.25 -
TX71C8130R (R) 4.97 -
1/3S: 1/3R: 1/3R 5.41 5.39

2/3S: 1/3R+R 5.19 5.07
Experiment /I

Thunderbird (R) 5.38 -
Mustang (S) 6.60 -
Vona (S) 6.38 -
1/3R: 1/3:S1/3S 5.99 6.12
2/3R: 1/3S+S 5.45 5.63

Experiment //I
Hawk (S) 6.48 -
Siouxland (R) 5.37 -
1/10R: 9/10S 6.41 6.37
1/4R: 3/4S 6.35 6.21
1/3R: 2/3S 6.13 6.05
1/2R: 1/2S 6.01 5.93
2/3R: 1/3S 5.60 5.68
3/4R: 1/4S 5.61 5.64
9/10R: 1/1OS 5.43 5.48

1S=leaf rust susceptible R=leaf rust resistant
2There was no significant difference between observed
and expected values at P=0.05

Because the highest "F" statistic was associated with
reflectance at 650nm, that wavelength was used to
asses leaf rust severity in the mixtures and purelines.
The largest differences in leaf rust severity and
reflectance at 650nm was at GS 11. The regression of
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leaf rust severity on percent reflectance at 650nm was
positive and linear at GS 11(Figure 2). Table 1 shows
the percent reflectance at 650nm from all the
experiments at GS 11. In all the mixture, the expected
reflectance (mean of the component purelines) was not
significantly different from the observed. This indicated
that reflectance at 650nm at GS 11 could be used to
accurately assess leaf rust severity in mixture and
purelines.
The success of this study indicates that leaf rust can
be readily and discriminately assessed from other
stresses at moderately high rust severities at the
visible wavelength of 650nm. This is important
because remote assessment by a spectroradiometer
allows (i) objectivity, (ii) accuracy, and (iii) virtual
elimination of observer-caused spore movement.
(Colwell, 1956) found that stem rust of wheat and oats
could be best detected in the infrared portions of the
electromagnetic spectrum. However, he used a
photographic system, the data from which could not be
quantified. The advantages of the field-based spectro-
radiometer over a photographic system lies in the
immediate quantification of reflected radiation.
Because crop reflection of reflectance at 650nm was
linearly related to leaf rust severity, any differences in
rust severity could be readily detected. Therefore, in
the mixtures, where leaf rust was reduce below that of
the component cultivars, rust could be accurately
assessed. Assessment of disease in mixtures is often
difficult because of the wide variability in disease
severity on the plants (Wolfe, 1985).
Spectroradiometric assessment of disease should
provide a much clear picture of disease restriction in
mixtures.

REFERENCES
Alexander, H.M., Roelfs, A. P., and Cobbs, G. 1986.

Effects of disease and plant competitions on yield
in monocultures and mixtures of two wheat
cultivars. Plant Pathol. 35:547-465.

Ausmus, B. S., and Hilty, J.W. 1972 Reflectance
studies of healthy, maize dwarf mosaic infected
and Helminthoporium - infected corn leaves.
Remote Sense of Environ. 2:77-81

Brenchley, G.H. 1968. Aerial photography for the study
of plant diseases. Annu. Rev. Phytopathol.

Casey, P. S. 1978. Spectral reflectance of a soybean
canopy infected with rust. Australasian Plant Path.
7:48-50.

Chin, K. M., and Wolfe, M.S. 198~. The spread of
Erysiphe graminis f. sp. hordei in mixture of barley
varieties. Plant pathol. 33:89-100.

Colwell, R.N. 1956. Determining the prevalence of
certain cereal crop diseases by means of aerial
photography. Hilgradia. 26:223-286.

Gausman, H.W. 1974. Leaf reflectance of near
infrared. Photogram. Engr and Remote Sens.40:
183-191

Gausman, H. W. 1977. Reflectance of leaf
components. Remote sense, of Environ. 6:1-9

Gieffers, W., and Hesselbach, J. 1988. Diseases
incidence and yield of different cereal cultivars in
pure stands and mixtures. V. Comparative mixture
of barley, Wheat and rye 1984-1986. J. Plant Dis.
Prot. 95:203-209

Lathrop, L. D. and Pennypacker, S.P. 1980. Spectral
classification of tomato disease severity levels.
Photog ram. Engr. and Remote Sens. 46: 1433-
1438

Marshall, D. 1988. Characteristics of the 1984-85
wheat leaf rust epidemic in central Texas. Plant
Dis. 72:239-241

Samborski, D. J. 1985. Wheat Leaf Rust. l!J. the Cereal
Rusts, Vol. II (ed. A. P. Roelfs and W. R. Bushnell),
pp 39-59. Academic Press, Inc., Orlando, FL.

Toler, R. W., Smith, B. D., and Harlan, J.C. 1981.Use
of aerial color infrared photography to evaluate
crop disease. Plant Dis. 65:24-31.

Wolfe, M.S. 1985. The Current Status and prospects of
multilline cultivars and variety mixtures for disease
resistance. Annu. Rev. Phytopathol. 23: 251 -273.

66


	Page 1
	Titles
	REMOTE ASSESSMENT OF LEAF RUST OF WHEAT IN CUL TIVARS 
	Tariq Mahmood* and David Marshall** 


	Page 2
	Titles
	Mahmood & Marshall 
	u:.. 
	a • • 
	. Wavelength (nm) 
	-7 
	456 7 
	Percent reflectance at 650nm 
	64 

	Images
	Image 1
	Image 2
	Image 3
	Image 4
	Image 5

	Tables
	Table 1


	Page 3
	Titles
	I 

	Tables
	Table 1


	Page 4

