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Abstract

This review provides an overview of the use of remote sensing data, the development of spectral reflectance indices for 
detecting plant water stress, and the usefulness of field measurements for ground-truthing purposes. Reliable measurements 
of plant water stress over large areas are often required for management applications in the fields of agriculture, forestry, 
conservation and land rehabilitation. The use of remote sensing technologies and spectral reflectance data for determining 
spatial patterns of plant water stress is widely described in the scientific literature. Airborne, space-borne and hand-held 
remote sensing technologies are commonly used to investigate the spectral responses of vegetation to plant stress. Earlier 
studies utilised multispectral sensors which commonly collect four to seven spectral bands in the visible and near-infrared 
region of the electromagnetic spectrum. Advances in sensor and image processor technology over the past 3 decades now 
allow for the simultaneous collection of several hundred narrow spectral bands resulting in more detailed hyperspectral 
data. The availability of hyperspectral data has led to the identification of several spectral indices that have been shown to 
be useful in identifying plant stress. Such studies have revealed strong linear relationships between plant pigment concen-
tration and the visible (VIS) and near-infrared (NIR) reflectance, while plant water content has been linked to specific bands 
in the short-wave infrared (SWIR) region of the spectrum. Ground-truthing is essential to identifying useful reflectance 
information for detecting plant water stress, and four commonly used ground-based methods viz. predawn leaf water poten-
tial, leaf chlorophyll fluorescence, leaf pigment concentrations and leaf water content are reviewed for their, usefulness and 
practical application.
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Introduction 

All living organisms including plants need an adequate sup-
ply of water to ensure both their growth and survival. Water 
in plants is required to permit vital processes such as photo-
synthesis, respiration and nutrient uptake.  Plants absorb water 
from the soil through their roots, which is then transported to 
their stems, leaves and flowers for the maintenance of the dif-
ferent vital processes.  When water supply is insufficient, plants 
may suffer water stress which could then compromise their 
growth production, reproduction and survival.

Water stress in plants is a complex physiological response 
to the limited availability of water to a plant. When plants 
suffer from water stress, a series of harmful plant-water inter-
actions occur, which may disrupt a plant’s physiology. These 
include a decrease in cell water potential, cell turgor and rela-
tive water content (Hsiao, 1973). 

The available water to plants is usually expressed in terms 
of water potential.  Water potential is commonly assessed by 
measuring predawn leaf water potential; a direct measure of 

plant water stress. Measurements at predawn directly evaluate 
the water status of the plant, because during night-time hours 
under zero transpiration, plant water potential equilibrates to the 
available soil water (Cleary and Zaerr, 1984). Cleary and Zaerr 
(1984) suggested that a predawn leaf water potential of less than 
-0.8 MPa is an indication of stressed vegetation.  Indirect meas-
urements may also be used to detect plant water stress. The more 
commonly used techniques include measurements of relative leaf 
water content, plant chlorophyll pigment content and chlorophyll 
fluorescence. Other, less frequently applied measurements used 
in verifying remote sensing studies include variations in trunk or 
stem diameters or even xylem vessel characteristics. 

Although characterising cavitations in xylem vessels is 
potentially a useful technique for understanding the response to 
water stress in a plant, this method is time-consuming, costly 
and not suitable for use over large spatial scales. It has been 
shown in many plant species that roots are more vulnerable to 
cavitation than stems, and thus root cavitation is more suited 
to characterise plant water stress between species (Sperry and 
Saliendra, 1994; Alder et al., 1996; Hacke and Sauter, 1996; 
Linton et al., 1998).

Reliable detection and prediction of plant water stress is 
desirable for numerous agricultural, forestry, conservation and 
land rehabilitation applications. Various remote and ground-
based technologies are available for the measurement of plant 
water stress. 


