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ABSTRACT 

 
The effect of different irrigation regimes and the application of kaolin on stomatal 

conductance and leaf water potential of pepper (Capsicum annuum L.) and tomato 
(Lycopersicon esculentum Mill.), is discussed in the paper.The experiment was set up by a 
completely randomized block system with three replications. The peppers were observed 
in three, and tomatoes in two treatments of irrigation regimes. The kaolin treatments of 
both crops were: a) control without kaolin (C) and 5% kaolin suspension (K). 

The results of these studies show that the application of deficit irrigation treatments 
and kaolin treatment have no statistically significant effect on stomatal conductance and 
leaf water potential of pepper and tomato plants. 
 
 

INTRODUCTION 
Agriculture is the largest consumer of fresh water, and with the application of 

irrigation, the amount comes up to 70% of the total available water (Fischer et al., 2007). 
Successful agricultural production, especially of vegetables and fruits, cannot be imagined 
without irrigation. Given that water is a limited resource, research should go in the direction 
of finding the different systems and measures to conserve water and achieve satisfyingly 
economically profitable yields. 

The application of deficit irrigation and kaolin suspension might be some of the 
options for mitigating negative effects of drought caused by climate change and for saving 
water in agricultural production. The application of deficit irrigation aims to save irrigation 
water, increase water use efficiency and achieve optimal yields (Topcu et al., 2007). By 
applying the strategy of deficit irrigation, crops are systematically exposed to moderate 
levels of stress due to a lack of water for a certain period or during the entire vegetation, 
which results in lowering yields, but also to cost savings and increased efficiency of water 
use (English and Raja, 1996; Pereira et al., 2002). Basically, the method of deficit irrigation 
is to reduce the amount of irrigation water to such extent to cause the adaptive response 
of plants to drought, enabling them to increase the efficiency of water use and maintain 
yields, while increasing the quality of fruit (Savic, 2008). Before a decision is made on the 
application of deficit irrigation regimes, it is important to assess its impact on different 
cultures on the basis of many years of experimental research (Scholberg et al., 2000; 
Igbadun et al., 2008). 

Application of kaolin leads to shadowing of the plant (aboveground part and fruits) 
which leads to a reduction in water consumption. Many researches highlight the impact of 
kaolin in reducing sunburns on the fruits, such as pomegranates, apples, walnuts, citrus 
fruits, and tomatoes (Cantore et al., 2009; Glenn, 2012; Weerakkody et al., 2010; Pace et 
al ., 2007). Kaolin-based particle film technology (Pft) has been developed over the past 
15 years as a multi-functional, environment-friendly material, that provides effective insect 
control, mitigates heat stress, and contributes to the production of high-quality fruit and 
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vegetables, as well as being suitable for organic farming (Glenn and Puterka, 2005). Boar 
et al. (2015) have followed the effect of kaolin on a variety of crops (tomatoes, peppers, 
zucchini, eggplant, beans and clementines). Their results indicate that the kaolin had the 
biggest impact on reducing stomatal conductance, which contributed to reduction in 
transpiration and improved the water regime of plants, reducing the net assimilation. 
Kaolin can be, in addition to its positive effects in controlling pests and reducing heat 
stress, successfully used as antitranspirant to mitigate the effects of drought stress, salinity 
and preserving water in arid regions such as the Mediterranean (Boari et al., 2015). 

The aim of this study was to investigate the effects of different irrigation regimes 
and application of kaolin on stomatal conductance and leaf water potential of peppers and 
tomatoes. 
 

MATERIALES AND METHODS 
The experiment in Stara Pazova was set up by a completely randomized block 

system with three replications. The peppers were observed in three, and tomatoes in two 
treatments of irrigation regimes. In both culture treatments of kaolin served as a control 
treatment (C) with no treatment with 5% kaolin suspension and treated with 5% 
suspension of kaolin (K). 

The pepper irrigation regimes and kaolin treatment were: i) full irrigation without 
kaolin (FC) and full irrigation with kaolin (FK), ensuring 100% of crop evapotranspiration 
(ETc); ii) deficit irrigation without kaolin (R1C) and deficit irrigation with kaolin (R1K), at 
80% of ETc and iii) deficit irrigation without kaolin (R2C) and deficit irrigation with kaolin 
(R2K) at 70% of ETc. Two tomato irrigation treatments and kaolin treatment were studied: 
i) full irrigation without kaolin (FC) and full irrigation with kaolin (FK), covering 100% of 
ETc, and ii) deficit irrigation without kaolin (DC) and deficit irrigation with kaolin (DK), at 
50% of ETc. 

The stand density of pepper cv. Elephant Ear (paprika) was 60,000 plants per 
hectare.The tomato was of the determinate type, Rio Grande cultivar, with stand density of 
30,000 plants per hectare. In both treatments the soil in the paired rows, under the plants, 
was covered with black plastic mulch over the 60%. 

The soil in the study area is of the carbonate chernozem type, developed in loess. 
Its morphological, hydrophysical and agrichemical properties are conductive to farming. 
The quality of this soil is founded upon its cross-sectional depth, mechanical composition 
with nearly equal proportions of sand, silt and clay fractions, good texture – clayey loam 
(USDA, 2006), and superior physical and chemical properties. 

The climate is continental, with Central European and Mediterranean components. 
The annual precipitation average over the past 20 years is 637 mm (maximum 911 mm 
and minimum 352 mm). The average precipitation total during the growing season (from 
April to September) is 366 mm (maximum 663 mm and minimum 193 mm). Figure 1 
shows average monthly precipitation totals and mean monthly air temperatures.  

Climate data were adopted from the Republic Hydro-meteorological Service for the 
meteorological stationSurčin (44°49᾽ N lat; 20°17᾽ E long, 96 m a.s.l) which is considered 
representative for the study area. The average air temperatures and precipitation totals in 
the study area during the study period are also shown in Table 1. 
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Fig.1. Mean monthly air temperatures and precipitation totals. 

 
Table 1 

Monthly mean temperature (Tavg) and precipitation  
during the growing cycles of pepper and tomato 

Month/ Year 2011 

Tavg 

(°C) 
∑Precipitation 

(mm) 

May 16.9 94.8 

June 21.3 23.0 

July 23.3 41.1 

August 23.7 5.3 

September 21.8 28.9 

Average/Sum 21.4 193.1 

 
 Irrigation was done by the drop-by-drop method. Table 2 shows irrigation depths 
and frequencies on all treatments. The irrigation frequency depended on current climate 
conditions (amount and distribution of rainfall and ETc). 

  
Table 2 

Seasonal irrigation amount (I, mm) and watering number (W, n.) 
Bell pepper  

(cv Elephant Ear) 
Tomato 

(cv Rio Grande) 

Year 2011 Year 2011 

Treatment I (mm) W (n.) Treatment I (mm) W (n.) 

F 450 25 F 270 15 

R1 378 21 D 162 9 

R2 270 15    

 

A 5% kaolin suspension (Surround WP, 95% purity) was applied from the time of 
flowering to the time of ripening. The suspension was prepared in situ, immediately prior to 
use, and was applied by means of 15L backpack sprayers. The amount of kaolin varied 
depending on the plant’s phenophase. Kaolin was applied seven times because of heavy 
rainfall in July, which washed out the kaolin from the plant. 

Five times during the growing season the conductivity of stoma was measured (gs 
in µmol m-2s-1) using porometers (AP4, Delta-T, Cambridge, U.K.) and leaf water potential 
(Ψl in MPa) in a pressurized chamber (Soil Moisture Equipment Corp., Santa Barbara, CA, 
USA). The measurements were carried out on July 7; July 18; July 26; August 1 and 
August 12. 
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The collected experimental data were processed by statistical methods using IBM 
SPSS V. 20 statistical software. The effects of the studied factors, the irrigation regimes 
and the kaolin application, as well as their interactions were assessed applying the 
variance method for the two-factorial, completely random block system experiment. 
 

RESULTS AND DISCUSSIONS 
 

The analysis of the measured conductivity of stoma during the growing seasons of 
peppers and tomatoes shows certain variations. It can be noted that the watering regime 
has an impact on stomatal conductance – the higher the level of irrigation, the higher 
stomatal conductance. When it comes to kaolin, a clear conclusion cannot be given 
because sometimes stomatal conductance in both cultures was sometimes higher in the 
treatments with kaolin than in the treatments without kaolin and vice versa (Fig. 2). What 
we can safely conclude is that the stomatal conductance in the treatment of full irrigation, 
with and without the use of kaolin on peppers and tomatoes is higher compared to other 
treatments. 

 

 
Fig.2. Stomatal conductance of peppers and tomatoes on all treatments 

 
Figure 3 shows the results of measurements of leaf water potential of peppers and 

tomatoes. The treatment of deficit irrigation affected the leaf water potential. In the 
conditions of intensive irrigation leaf water potential was lower in both cultures. As with 
stoma conductivity, a clear conclusion about the impact of kaolin on leaf water potential 
cannot be made, because it was sometimes lower in the treatments with kaolin compared 
to treatments without kaolin and vice versa. 

 

 
Fig.3. Leaf water potential of peppers and tomatoes on all treatments 
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Figure 4 shows the relations between leaf water potential and stomatal 
conductance of peppers and tomatoes. Certain correlation can be noted, i.e. the higher the 
stomatal conductance, the potential is lower. Also, it can be seen that in the treatment of 
deficit irrigation the stomatal conductance is lower and leaf water potential is higher. 
 

 
Fig.4. Relations between leaf water potential and stomatal conductance of peppers  

and tomatoes on all treatments 

 

 
Fig. 5. Average values of stomatal conductance of peppers and tomatoes  

during the research period 
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Figure 5 shows the average values of stomatal conductance of peppers and 
tomatoes during the research period. In this case, we can see the influence of the regime 
of irrigation on stomatal conductance of peppers and tomatoes – the more intense the 
irrigation is, the stomatal conductance is higher. When it comes kaolin, a clear conclusion 
cannot be given because the stomatal conductance is sometimes higher in the treatments 
with kaolin (R1K treatment of peppers and FK of tomatoes), and sometimes lower.Figure 6 
shows the average values of leaf water potential of peppers and tomatoes in all tested 
treatments. In both cultures there are very small differences in LWP between treatments 
with different supply of water and treatments with and without the use of kaolin. 

 
Fig. 6. Average values of leaf water potential of peppers and tomatoes in all tested treatments 

during the research period 

 
Based on the analysis of variance of average values of stomatal conductance and 

leaf water potential of peppers and tomatoes (Tab. 3) it can be concluded that neither the 
irrigation regime, nor the application of kaolin have significantly affected the SC and LWP 
of peppers and tomatoes. 

The average stomatal conductance of pepper varies from 463.4 μmol·m-2·s-1 in 
RK2 to 659.3 μmol·m-2·s-1 in FC treatment. Leaf water potential ranges from -0.98 MPa in 
FK treatment to -1.17 MPa in R2C treatment. Here it can be noted that kaolin influenced 
the lowering of the potential which is in accordance with the results obtained by Boari et al. 
(2015), noting that kaolin influences the improvement of the water regime of the plant. 

The average stomatal conductance of tomatoes goes from 627.3 μmol·m-2·s-1in DK 
to 753.7 μmol·m-2·s-1in FK. Here it is observed that kaolin can help save water as 
antitranspirant, in deficit irrigation treatments with and without the application of kaolin the 
stomatal conductance is lower. Leaf water potential in all treatments of tomato is quite 
balanced, it is the lowest in FC treatment (-0.53 MPa) and the highest in DC treatment (-
0.60 MPa). 

Many studies have come to similar results, showing that water stress affects the 
decrease in stomatal conductance and the increase in leaf water potential. Campos et al. 
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(2014) have found that water stress significantly reduces stomatal conductance and 
increases the leaf water potential of pepper. The same observations were made by 
Romero et al. (2010) with grapevine. Cantor et al. (2016) also point out that the maximum 
stomatal conductance of tomatoes can be found in full irrigation treatments. 

Application of kaolin impacts the reducing of conductivity of stoma and evaporation 
(Cantore et al., 2009; Boari et al., 2014), which improves the water regime of the plant (Le 
Grange et al., 2004; Lombardini et al., 2005; and Shellie King, 2013a, b). For well-irrigated 
beans, kaolin influenced the decrease in stomatal conductance and transpiration (Boari et 
al., 2015). These results are consistent with the results of Tworkoski et al, (2002) also on 
the beans and Ananda Coomaraswamy et al, (2000); Cantor et al. (2009) on tomatoes and 
tea. Boari et al. (2015) point out that kaolin has the greatest impact on reducing stomatal 
conductance, which contributed to reducing transpiration and improving the water regime 
of plants, reducing the net assimilation. 
 

Table 3 
The influence of irrigation and kaolin on SC and LWP of peppers and tomatoes 
Pepper 

SC (μmol·m-
2
·s-

1
) LWP (MPa) 

Treatments of IR Treatments of  
IR and KA 

Avg. Treatments of IR Treatments of  
IR and KA 

Avg. 

ns ns ns ns ns ns 

FC 659.3 FK 557.4 608.4 FC -1.10 FK -0.98 -1.04 

R1C 525.5 R1K 598.5 562.0 R1C -1.01 R1K -1.04 -1.03 

R2C 505.9 R2K 463.4 484.7 R2C -1.17 R2K -1.12 -1.14 

Avg. 563.6 Avg. 539.8 551.7 Avg. -1.09 Avg. -1.05 -1.07 

Tomato 

SC (μmol·m-
2
·s-

1
) LWP (MPa) 

Treatments of IR Treatments of  
IR and KA 

Avg. Treatments of IR Treatments of  
IR and KA 

Avg. 

ns ns ns ns ns ns 

FC 692.0 FK 753.7 722.9 FC -0.53 FK -0.58 -0.59 

DC 671.1 DK 627.3 649.2 DC -0.60 DK -0.58 -0.56 

Avg. 681.5 Avg. 690.5 686.1 Avg. -0.57 Avg. -0.58 -0.57 

  SC – Stomatal conductance, LWP - Leaf Water Potential, IR – Irrigation Regime, KA - Kaolin Aplication, ns   
- not significant 

 
CONCLUSIONS 

 
These studies led to the conclusion that neither the use of irrigation regime, nor the 

application of kaolin has significantly affected the stomatal conductance and leaf water 
potential of tomatoes and peppers. Therefore, in conditions of climate change and drought, 
irrigation can be deficit and kaolin can be applied without significantly affecting very 
important physiological parameters such as SC and LWP which was the main objective of 
this research. 

Although not statistically significant, there are some differences in the conductivity 
of stoma and leaf water potentials between treatments differently supplied with water and 
treatments with and without the use of kaolin. Reduction of irrigation reduces stomatal 
conductance and the leaf water potential increases. Application of the kaolin on treatments 
of deficit irrigation in both cultures has led to some reduction in leaf water potential, which 
confirms noted that kaolin does influence the improvement of the water regime of the 
plant. 
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