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Abstract

Chlorophyll-meter readings, generated from the leaves of irrigated wheat at particular growth stages, were
normalized to the data obtained with locally recommended rates of fertilizer N, in Chile China, India and Mexico.
Normalizing permitted comparisons of crop-N status across growth stages, locations, cultivars, and years. Relative yields and
meter readings at growth-stage Z-50 are presented; they revealed similar trends for India, China, and Chile, however, for
Mexico, the combination of soil, wheat cultivar, and climate resulted in much less response to N fertilization in the meter
data. The implications are discussed. The SPAD meter proved to be a good tool to monitor and evaluate the N status of
irrigated wheat.

1. INTRODUCTION

Because of the strong relationship between leaf-N concentration and chlorophyll content, the
Minolta SPAD-502 meter provides a convenient monitor of crop-N status by measuring the light
absorbed by chlorophyll. Thus, useful inferences about crop N-status are possible.

The chlorophyll-meter technique is nondestructive, fast, and easy compared to traditional
plant-sampling and analytical procedures. The readings are generated by measuring the transmission
of red light (650 nm) and near-infrared (NIR) light (940 nm) through the leaf blade, with the premise
that light not captured by chloroplasts is detected by the sensor. Therefore, the more light detected,
the lower is the potential photosynthetic rate, and the greater the crop stress.

Photosynthetic activity can be influenced by many factors, but when all plant-growth
components are held constant except one, then the chlorophyll meter provide a relative measure of
that factor, e.g. N fertility of the soil. Previous research with corn, wheat, cotton, and several other
crops has shown a strong positive correlation between leaf-N concentration and chlorophyll-meter
reading (see Bibliography). The relationship weakens at excessively high levels of N fertilization
because crops frequently continue to take up N (i.e. luxury consumption) even though other nutrients
or crop-growth factors limit photosynthesis and thus cause the meter readings to reach a plateau.
When more than one factor limits growth, then interactions are likely. This is especially true for water
stress and N, both of which are required in large quantities by high-yielding crops.

It is not possible to independently record data from the red and NIR bands using the SPAD
meter. Rather, the meter output is a ratio of the two. Theoretically, red light is sensitive to chlorophyll
activity whereas NIR light is insensitive to chlorophyll and sensitive to biomass. Electronics within
the meter use NIR data to correct for factors related to biomass such as leaf thickness and density of
cells. This normalization strategy attempts to minimize the need for calibration of the meter for each
stage of growth, cultivar, etc. Nevertheless, scientists are cautioned about using meter data in
situations where multiple factors may affect chlorophyll activity.

Plant stresses that affect chlorophyll and biomass differently from N may cause problems with
interpretation of SPAD-meter data. For example, water stress affects cell turgidity, which affects NIR
reflectance from leaves. Therefore, scientists are cautioned about making interpretations about crop-N
nutrition based on SPAD data when moisture status is a variable.
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FIG. 1. Relationships between relative chlorophyll meter readings (SPAD) at the Z-50 growth stage
and irrigated wheat yields at four locations.

2. SUMMARY OF DATA

The use of the chlorophyll meter to monitor crop-N status was a voluntary component of this
co-operative research project. Not all Contractors were able to meet the cost of the instrument,
approximately US$1300. Chlorophyll-meter numbers were generated at several locations "*
prescribed growth stages (i.e. Z-20, Z-30, Z-39, and Z-50).

at

This report was compiled from results entered into the master data set as of October 15, 1998.
Yield and chlorophyll-meter data from all locations were normalized (i.e. at each location, referenced
to the value for the N10 fertilizer treatment, the recommended rate). Adequate yield and chlorophyll-
meter data were generated by Contractors in China, India, Chile, and Mexico, for further analysis. Not
all data sets were complete across years and N rates.

Relative grain yield and chlorophyll-meter values from India, China, and Chile followed
similar trends, which is remarkable considering the vastly differing prevailing conditions. Data in Fig.
1 were normalized within year and then averaged for each N rate across years. Each data point
represents the mean of three replications or more at each site for two or more years. The relationship
for India indicates that the recommended N rate was not adequate to produce near maximum yields.
The same trend was evident for Chile, but to a lesser extent. Mexico and China showed slight
reductions in yield with the Ni.5 treatment. These lower yields were attributed to lodging late in the
growing season, which occurred after the chlorophyll-meter data were collected at Z-50 growth stage).

The wide range in relative SPAD values at Z-50 for the Mexico site would normally be
associated with an equally wide range in yields. The crop may have acquired significant amounts of N
after chlorophyll-data collection; possibilities include abundant mineralization brought on by
favorable water and temperature conditions or that the water used for irrigation contained significant
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concentrations of nitrate. In either case, the Mexico data indicate that wheat can recover from N stress
after the Z-50 growth stage. Additional research may be justified to explore this observation; 15N-
enriched fertilizer would be useful for such as study, applied in a time-series to N-deficient plants.

The environmental and management implications of these observations are substantial.
Nitrogen stress at Z-50 in Chile, China, and India reduced grain yields by about 2.4% for each 1.0%
decline in meter reading. Depending on the cost of fertilizer and the value of wheat grain, one can
readily determine the loss in profitability associated with a deficiency in N. In cases where N fertilizer
turns out to be a way for producers to minimize the risk of yield losses, water management becomes a
critical issue. The combination of excess N and non-uniform or excess irrigation can put the
environment at risk from nitrate leaching.
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