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ABSTRACT
Evapotranspiration and plant water absorption reduce when exposed to water stress and this reduction
results in an increase in leaf temperature. To determine the effect of water stress on leaf temperature and
timing of irrigation using leaf temperature, a research was conducted on the Research and Education
Greenhouse Production Center of Islamic Azad University, Isfahan Branch (Khorasgan). This study was
conducted in controlled conditions and soilless culture of cucumber, tomato, pepper and strawberry. The
index of difference between the temperature of air and leaf (∆T= TAir –TLeaf ) showed leaf temperature
which then could indicate the amount of water absorbed by the root; therefore, transpiration rates were
measured. With an acceptable coefficient of determination model, we concluded that this index
(difference between the temperature of air and leaf) was dependent on the intake of water from the roots
and leaf transpiration rate, so it can be used as an indicator to determine the time of irrigation.
Keywords: Water stress, Leaf temperature, Timing of irrigation.
ABBREVIATION: VPD: Vapor Pressure Deficit, PAR: Photosynthetically Active Radiation, RH: Relative
Humidity, ∆T = TAir –TLeaf.

INTRODUCTION
In soilless media (in according to limitation of root volume) several times a day plants are
irrigated, because a few minutes delay in irrigation could create irreparable damage. Therefore,
we need a technique through which we can recognize the irrigation time accurately and quickly.
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Decreased water uptake closes stomata, which then reduces transpiration and increases leaf
temperature (Blonquist et al., 2009). In general, water stress causes stomata closure in plants,
and this leads to higher leaf temperature (Sdoodee, Kaewkong, 2006).
Canopy temperature has long been recognized as an indicator of plant water status and as a
potential tool for irrigation scheduling (Cohen et al. 2005). Leaf temperature is a physiological
trait that can be used for monitoring plant water status (Jimenez-Bello et al., 2011).
Surface temperature measured with infrared thermometers is an important tool which also is
useful for both the crop water stress index (CWSI) and irrigation scheduling for some decades.
A new definition of a non- water -stressed baseline theoretically based and driven by weather
variables that can easily be measured and/or estimated proposed that measurements at any time
of the day, regardless of the weather conditions, can simplify the task of the irrigator. The nonwater-stressed baseline is a useful concept that can effectively guide the irrigator when
maximum yields are to be obtained (Alves and Pereira, 2000). The CWSI calculated based on
crop temperatures was applied so the use of the CWSI was successful and the expected yield
surplus with supplementary water supplies was 10-20% (Anda, 2003). Bao-Zhong (2003)
showed that the amount of irrigation water had significant effects on decreasing the canopy
temperature. Yuan (2003) introduced CWSI as a most often used index which is based on
canopy temperature to detect crop water stress. Erdem (2010) showed that the CWSI was
calculated using the empirical approach from measurements of infrared canopy temperatures,
ambient air temperatures and vapor pressure deficit values for five irrigation levels. An average
threshold CWSI value of about 0.51 before irrigation produced the maximum yield.
The semi empirical equations developed for CWSI can be used to determine the crop water
stress using observed canopy–air temperature difference (Tc - Ta) and VPD for the wheat crop
grown in the study region (Gontia and Tiwari, 2008). Hackl (2012) indicated that there were
significant and close relationships between canopy temperature and leaf water potential.
Stomatal closure or decreasing stomatal conductance caused increasing of Tc-Ta in the
leaves. Hence, it suggests that infrared thermometer is a convenient device for the assessment of
plant water stress in neck orange (Sdoodee and Kaewkong, 2006).
Multiple linear regression models of leaf temperature as functions of stem water potential,
air temperature, relative humidity, photosynthetically active radiation, and wind speed were
developed and validated for almond and walnut crops under sunlit and shaded conditions
(Udompetaikul, 2010). The relative humidity and air temperature values were used to calculate
the equivalent temperature, also considering latent heat flux, and finally the evapotranspiration
of plantation was calculated. From differences in the equivalent and air temperatures,
conclusions can be drawn on the intensity and daily course of transpiration (Tokei and Dunkle,
2005).
Labourgeois et al. (2010) showed that the application of the leaf temperature method in
determining the timing of irrigation depends on calibrating it for ideal plant and designing a
mathematical model, and Gontia et al. (2008) used as quantify crop water stress index (CWSI)
to schedule irrigation in winter wheat crop.
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MATERIALS AND METHODS
In order to recognize the effect of amount (percent or potential) of water in media on leaf
temperature, these studies were done in the greenhouse of Islamic Azad University (Khorasgan
Branch) located in the east of Isfahan, in 2011. It is a Gothic arch shaped building with
polyethylene cover. Other specifications of this system are 520 cm height, adjustable
temperature and humidity, warm air heating system, and evaporating cooling system. Night and
day temperatures are adjusted to 19-21°C and 25-30°C, respectively depending on factors like
growth stage, light intensity, and so on. This research was done on cucumber, tomato, pepper
and strawberry soilless media. In controlled greenhouse condition, plants implanted in soilless
media (50 percent perlite, 25 percent cocopeat, 25 percent peat) were not irrigated up to high
water stress, and at the same time difference between air and leaf temperature was measured.
After the irrigation, the temperature difference between air and the leaf index as well as
moisture content of planting ambient were measured every five minutes. To increase accuracy,
these indices are measured 50 times for each plant. Moisture content of planting ambient, air
temperature and leaf surface temperature were measured by 100 TDR -America FIELDSCOUT
company- with 1 percentage accuracy, Testo 625 with 0.5 ° C accuracy and Testo 625 with 0.1 °
C accuracy. The resulting data were analyzed by MATLAB software.
RESULTS AND DISCUSSIONS
Leaf temperature and ∆T were slightly different in each of four plants (cucumber, tomatoes,
peppers and strawberries) after irrigation and water uptake by plants decreased at high speed. In
other words, leaf temperature decreased after the irrigation. In this case, the difference between
ambient temperature and leaf area (∆T) increased (Figure1). Based on the similar results of
these four plants, the best model (equation) was:

Where t= Time after irrigation (min), T Air = air temperature (ºC), T Leaf = Leaf temperature
(ºC) and a, b, c, d, e, f= constant index for each plants (cucumber, tomato, pepper and
strawberry).
The coefficient of determination between the two parameters- leaf temperature and time after
irrigation- of plants including cucumbers, tomatoes, peppers and strawberries are 0.96, 0.93,
0.93 and 0.98, respectively.
The results (the basic model was similar for all plants and the coefficient of determination
was high) showed that the index of difference between the temperature of air and leaf (∆T)
could indicate the amount of water absorbed by the roots and plant transpiration. Grey (2010)
stated that the regression coefficient (R2) between evapotranspiration (ET) and mean leaf
temperature of tomato was 0.648. Therefore, ∆T can be considered as a useful index for
detecting used water. However other factors can help the preciseness of this index to improve .
Ahmed et al. (2006) showed that the modified Penman equation was correlated with the
canopy temperature difference. They found that this correlation (R= 0.94) can be used for the
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detection of water stress in Faba bean. Overall, the results showed that after the irrigation of all
plants (cucumber, tomato, pepper and strawberry) the leaf temperature reduced in the first time,
then by reducing the amount of water in ambient planting the leaf temperature increased
gradually.
In 5 minutes after the irrigation of cucumber, the leaf temperature quickly decreased and the
∆T reached the highest level (Figure 1. section A.). Maximum ∆Ts for tomatoes, pepper and
strawberry were 18, 5 and 20 minutes, respectively (Figure 1. section B., C. and D.).
In cucumber, ∆T decreased from 16ºC to 10ºC after 25 minutes of stating (constant)
irrigation (Figure 1. section A.). Approximately 20 minutes after starting tomato irrigation, leaf
temperature decreased, but this decreasing trend occurred longer than cucumbers irrigation.
After 70 minutes, reduction of the leaf temperature reached the balance in tomato leaves (Figure
1. section B.). Likewise cucumbers, peppers leaf temperature reduced, except that pepper leaf
temperature reduced from 16°C to 4°C (Figure 1. section C.). In strawberry leaf temperature
reached equilibrium after 160 minutes, from 14°C to 6°C (Figure 1. section D.).
Differences in the strength of root water uptake, leaf area index and transpiration rate of the
studied plants can cause the time differences in ∆T.
Strong relationship between leaf temperature and water stress can be seen in the R2 parameter.
Çamoglu (2013) have studied evapotranspiration (ET) and leaf temperatures in fully irrigated
and water-stressed plants. Their results showed that the relationship between difference leaf
temperature (TL) and ambient air temperature (Ta) (TL- Ta) and ET was linear and the
coefficients of determination (R2 = 0.62 and 0.74 according to the analysis of linear regression)
were statistically significant at p < 0.001 for both cultivars of olive. Their study showed that leaf
temperature change depending on ET, and infrared thermometer can be used for measuring
daily ET in olive seedlings (Çamoglu, 2013).
Blonquist et al. (2009) showed that decreased water uptake closes stomates, which reduces
transpiration and increases leaf temperature. The leaf or canopy temperature has long been used
to make an empirical estimate of plant water stress. Infrared measurement of canopy
temperature can be used to calculate canopy stomatal conductance (gc). A sensitivity analysis of
the input measurements/estimates showed gc was highly sensitive to small changes in canopy
and air temperature, and less sensitive to the other required measurements (relative humidity,
net radiation, wind speed, and plant canopy height).
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Figure 1. The process of variation differences of environment temperature (vertical axis- Centigrade) and the surface of
leaf after irrigation (horizontal axis- minute)
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CONCLUSION
Results of experiments on four plants, cucumbers, tomatoes, peppers and strawberries showed
that the leaf temperature could be measured by the degree of water stress in the examined
plants. Thus, leaf temperature can be widely used as an effective indicator of the estimated
timing of irrigation.
However, to better estimate the effect of plant water stress on other elements, different
environmental factors such as relative humidity and wind speed - must also be studied.
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