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Summary

Th e use of antitranspirants is one method of mitigating water while increasing the 
yield of cereal crops. Experiments were carried out on a durum wheat (Triticum 
durum L.) variety (Karim) and a barley (Hordeum vulgare L.) variety (Rihane) to 
study the eff ects of Vapor Gard (VG; di-1-p-menthene), an antitranspirant, on two 
physiological traits at two diff erent growth stages. Th e study was conducted in a 
glasshouse under water stress and VG was sprayed twice at three concentrations (5, 
7, and 10%) at tillering and stem elongation stages. VG spray reduced the eff ect of 
water stress on durum wheat and barley varieties. Leaf water potential (LWP) was 
signifi cantly increased, albeit at diff erent rates, for the two cereal species. However, no 
signifi cant change was observed for photosynthetic rate (PR). Th ese results favor the 
use of VG although more studies are recommended on other physiological traits to 
strongly support the application of this antitranspirant.
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Introduction
Most of the global food supply, which is derived from cereal 

crops in rainfed agriculture, is highly vulnerable to drought. 
Grain yield loss from drought can be ascertained by compar-
ing rainfed and irrigated yields; in developing countries rainfed 
cereal yield is less than half the yield of irrigated cereals (Hazell 
and Wood, 2008).

Th e ability to improve crop water productivity (i.e., yield 
per unit of water used) will be an important component of the 
response to future global pressures on food supply, such as 
population growth and climate change. Drought stress is cur-
rently one of the major problems in agriculture at a global scale 
(Hasanuzzaman et al., 2012). Because of the shortage of rain-
fall and availability of water sources, many new methods to en-
hance plant tolerance to drought stress, such as metabolomics, 
have been suggested (Ruan and Teixeira da Silva, 2011). Th e 
application of antitranspirants is another method of mitigat-
ing water and salinity stress while increasing the yield of cereal 
crops, such as wheat (Nasraoui, 1993; Shaff er and White, 1985). 
As most water absorbed by plants is lost through transpiration, 
reducing plant transpiration could conserve irrigation water 
and minimize plant stress. Th e use of antitranspirants, there-
fore, may be important to reduce water loss. Polymers are less 
permeable to CO2 than to water, and fi lms that close stomata 
also inhibit photosynthesis as much as transpiration. Research 
on the use of antitranspirants is quite limited (Plaut et al., 2004). 
Typically, an antitranspirant fi lm mechanically reduces stoma-
tal and cuticle transpiration (i.e., water loss) as well as gaseous 
exchange (Osswald et al., 1984), although such a reduction in 
photosynthetic activity and transpiration is generally perceived 
to be accompanied by lower yield (Carbonnier et al., 1986). It is 
also impossible to reduce evapotranspiration without infl uenc-
ing gaseous exchange. Th us, the relationship between water and 
CO2 rate could determine the effi  cacy and applicability of such 
an antitranspirant fi lm.

Vapor Gard (VG; di-1-p-menthene) is a water-emulsifi able 
organic compound for use on plants to reduce water transpira-
tion. Th is antitranspirant reduces plant transpiration and also 
improves the color of mango fruit and some of its biochemical 
features, such as polygalacturonase activity (Lazan et al., 1990). 
To off er a theoretical basis for the development and application of 
thin-fi lm plant antitranspirants in China, the main components 
in VG made in the USA were analyzed by gas chromatography, 
infrared spectra and other fi ne-scale analytical techniques (Bi 
et al., 2008). Th eir analyses indicated that VG contained water-
soluble mineral oil, a terpene resin, Span-60, Tween-60 and 
OP-10 and that no metal elements, halogens, nitrogen elements 
or ions could be detected, making it a safe and eco-friendly anti-
transpirant for use on horticultural and fi eld crops. When VG at 
2% was used as an antitranspirant on Fraxinus americana and 
Malus domestica (‘Golden Delicious’) in a glasshouse, apple scab 
(Venturia inaequalis (Cooke) G. Wint.) was eff ectively controlled 
(Shaff er and White, 1985). When VG was mixed with folicote 
(an antitranspirant) at 2% and sprayed onto Solanum tuberosum 
plants in the fi eld, the number of tubers and yield increased rel-
ative to treatments aimed at increasing soil moisture (Lipe and 
Th omas, 1990). Treatment of bread wheat (Triticum aestivum 
L. ‘Sakha 93’ and ‘Giza 168’) with a refl ectant increased water 

status, chlorophyll content, biological yield and harvest index, 
whereas water potential and transpiration rate decreased (El-
Kholy and Gaballah, 2005). A 1% solution of VG signifi cantly 
improved several photosynthetic parameters of various geno-
types of Actinidia arguta plants even though visually plants did 
not appear to be signifi cantly diff erent (Latocha et al., 2009). 
Th e application of VG decreased the evaporation of mulberry 
(Morus alba L.) plants (Misra et al., 2009) and Phaseolus vulgaris 
plants, observed through thermal imaging (Ludwig et al., 2010). 
Another antitranspirant (WE-426A03), when diluted with dis-
tilled water in a ratio of 1:30, was successfully used to prolong the 
vase life of Rosa hybrida (Song et al., 2011). Compared with the 
control, spraying antitranspirant alone could reduce the degree 
of fresh weight loss, delay fl ower opening, slow down the rate 
of stomatal conductance, decrease water loss during transpira-
tion, maintain the integrity of cell membranes, and reduce the 
accumulation of malondialdehyde in Phaseolus vulgaris (‘Pinto’) 
plants (Francini et al., 2011). Th e application of VG at 1 and 2% 
on barley (Hordeum vulgare L.) and apple (Malus x domestica) 
plants, respectively increased the chlorophyll content in leaves 
at the beginning of experiments and enhanced the effi  ciency of 
the photosynthetic apparatus during almost the entire experi-
mental period (Sutherland and Walters, 2002; Percival and Boyle, 
2009). Since VG has never been tested on durum wheat or only 
once in barley with the objective of reducing the incidence of 
disease, the aim of this study was to determine the eff ect of its 
application on two cereals, Tritium durum (var. ‘Karim’) and 
Hordeum vulgare (var. ‘Rihane’), by measuring the physiological 
response as leaf water potential and photosynthetic rate under 
water stress conditions.

Materials and methods
Experimental conditions
Experiments were carried out in a glasshouse with an ad-

ditional 4 h supplementing natural daylight (natural light sup-
ported by artifi cial light using Powerstar Osram lamps; 150 W, 
3000 lux). Temperature was 25 and 16°C during the day and 
night, respectively. Durum wheat and barley seeds were sown 
in a 0.5-L pot, containing a 2:1 mixture of loamy soil substrate 
amended with pure sand, at a rate of fi ve certifi ed seeds/pot, and 
at a spacing of 2 cm. Seeds were watered every 48 h at maximum 
fi eld capacity (FC) for one week.

 All leaves of plants were sprayed with VG at the tillering 
(Z 30; Z=Zadok) and stem elongation stages (Z 37). A total of 
24 plants in each block were sprayed using a hand pump in the 
morning and each plant received between 5 and 10 ml of VG. 
Liquid VG solution consisted of resin (96% di-1-p-menthene + 
4% emulsifi er) that was applied at three concentrations [5, 7, 10%, 
v/v] at 100, 75, 50 and 25% of soil FC. Th e solvent was water.

Experimental design
Separate experiments were established for durum wheat and 

barley. Th e experimental design was a split-plot with two factors 
(water regime=main factor, VG concentration=sub-factor) and 
four replications. Control plants were sprayed with tap water. 
Every two days, pots were weighed to restore the soil moisture for 
each level of FC. For all treatments, plant weight was not included.
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Measurements
At the tillering and stem elongation stages, and two weeks 

aft er VG had been sprayed on experimental units, leaf water 
p otential (LWP) was measured with a room pressure gauge 
(Scholander Room) between 12.00 AM (i.e., noon) and 14.00 
PM. Photosynthetic rate (PR) and gas exchange were measured 
with a portable photosynthesis system (LICOR 1600 LCA 4 port-
able photosynthesis system; Licor Inc., Lincoln, NE, USA). All 
measurements were made using fully expanded young leaves.

Data analysis
All data were subjected to an analysis of variance using SAS 

package (SAS Institute Inc., 1985). To test for signifi cance be-
tween treatments, means were separated using the least signifi -
cant diff erence (LSD) test at the 5% level of probability.

Results

Tillering stage
Leaf water potential
Generally, water defi cit induced a decrease in LWP. However, 

at 25% FC, VG spray increased LWP of wheat signifi cantly com-
pared with the control, regardless of the VG concentration. For 
barley, a signifi cant diff erence in LWP was noted aft er VG spray 

at 25% FC. At 7% and 10% VG, LWP was least aff ected by water 
stress (Fig. 1). Th e best LWP was obtained at 50% FC with 7% 
VG. In the same FC, plants sprayed with antitranspirants had a 
better LWP than control plants but the 10% VG treatment had a 
negative eff ect on the LWP of plants at 100 and 75% FC.

Photosynthetic rate
Generally, no signifi cant diff erences were found in the PR of 

wheat and barley following VG spray compared with the control. 
However, for wheat, VG spray improved PR over controls, but 
only at 100% FC (for all VG concentration) and 25% FC when 
sprayed with 5 and 7% of VG (Fig. 2). At 75 and 100% FC, only 
a slight decrease in PR was observed for leaves sprayed with 5, 
7 and 10% VG.

Stem elongation stage
Leaf water potential
A signifi cant increase in the LWP of wheat was observed aft er 

a VG spray (all three concentrations) at 25% FC compared to the 
control. For barley, VG spray improved LWP compared with the 
control, regardless of its concentration, except for 100% FC treat-
ment (Fig. 3). LWP was not aff ected by VG sprays at 75% FC. A 
gain in water content was observed for plants treated with 7% and 
10% VG. Compared to plants of 75% FC, the leaves of those at 
25% FC and sprayed with VG at 5% and 7%, had the same LWP.
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Figure 1. Effects of antitranspirant foliar treatment with Vapor Gard on the leaf water potential (LWP) of durum wheat 
(LSD5%=0.28) and barley (LSD5%=0.41), at the tillering stage under four water regimes: 25, 50, 75, 100% of field capacity in a 
glasshouse. B=barley; C=control; DW=durum wheat; V=Vapor Gard at 5%, 7% or 10% (V5, V7, V10).
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Figure 2. Effect of antitranspirant foliar treatments with Vapor Gard on the photosynthetic rate (PR) of durum wheat 
(LSD5%=3.28) and barley (LSD5%=1.28) at the tillering stage under four water regimes: 25, 50, 75, 100% of field capacity in a 
glasshouse. B=barley; C=control; DW=durum wheat; V=Vapor Gard at 5%, 7% or 10% (V5, V7, V10).

Figure 3. Effects of antitranspirant foliar treatments with Vapor Gard on the leaf water potential (LWP) of durum wheat 
(LSD5%=0.22) and barley (LSD5%=0.30), at the stem elongation stage under 4 water regimes: 25, 50, 75, 100% of field capacity in a 
glasshouse. B=barley; C=control; DW=durum wheat; V=Vapor Gard at 5%, 7% or 10% (V5, V7, V10).
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Photosynthetic rate
In durum wheat, a reduction in FC from 75% to 25% sig-

nifi cantly reduced PR. VG spray did not alleviate the eff ect of 
water stress on PR. Th e PR of barley was higher than that of 
durum wheat in all equivalent treatments. As for durum wheat, 
VG was unable to alleviate the negative impacts of reduced FC 
on PR, independent of the level of FC and the concentration of 
VG applied (Fig. 4).

Discussion
Antitranspiran ts are commonly used to reduce leaf water 

loss. Th ey increased the relative water content of Morus alba 
leaves at diff erent irrigation levels (Misra et al. 2009). Th e effi  -
cacy of antitranspirant fi lms (a few days – a few weeks) depends 
on economic parameters and also on the number of new leaves 
formed aft er treatments. Generally, antitranspirants can be ef-
fi cient up to one month (Plaut et al., 2004). Th ey may allow a 
reduction in water transpiration without greatly aff ecting pho-
tosynthetic activity (Glenn et al., 2001). In addition to the ben-
efi cial eff ect of elevated CO2 concentration on drought stress, 
antitranspirants can signifi cantly improve drought tolerance 
(Del Amor et al., 2010).

Under water stress conditions, the use of Triadimefon as an 
antitranspirant mixed with a fungicide on Phaseolus vulgaris re-
duced water loss from leaves without decreasing photosynthetic 
activity or stomatal regulation (Mokhtari et al., 2006). Another 
study dealing with Triadimefon spray showed a decrease in 

transpiration, allowing bean plants to withstand drought. Leaf 
diff usive resistance increased, indicating partial stomatal clo-
sure, and treated plants maintained water potential while control 
leaves did not. Chlorophyll and carotenoid contents increased in 
the treated leaves. However, there was no eff ect on protein syn-
thesis (Asare-Boamah et al., 1986). When Solanum melongena 
plants were treated with three antitranspirants (cycocel, lime-
wash, potassium chloride) and water stressed at three growth 
stages, a decrease in chlorophyll content, soluble protein and PR 
occurred (Prakash and Ramachandran, 2000). Zinnia elegans 
plants sprayed with Cloud Cover showed a signifi cant diff erence 
in growth, fresh weight and longevity in the fl owering period 
and in the control of powdery mildew (Kamp, 1985).

Other results related to yield physiology of wheat indicated 
that, irrespective of reduced assimilate availability from photo-
synthesis, the most drought-sensitive stage of grain formation 
may respond positively to antitranspirant application. Field ex-
periments over three years, in which di-1-p-menthene (i.e., VG) 
was sprayed at fi ve growth stages and 10 soil moisture defi cits 
levels, showed a reduction in grain yield of wheat when the an-
titranspirant was applied between infl orescence and anthesis. 
However, grain yield increased when the antitranspirant was 
applied at the fl ag leaf stage, which is generally highly sensitive 
(Kettlewell et al., 2010). Moreover, antitranspirants are usually 
biodegradable, cost-effi  cient and stable at high temperature, hu-
midity and light intensity. Studies on the eff ect of folicote showed 
an improvement of vegetative growth, fruit yield and fruit qual-
ity of Ficus carica (Al-Desouki et al., 2009).
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Figure 4. Effect of antitranspirant foliar treatments with Vapor Gard on the photosynthetic rate (PR) of durum wheat 
(LSD5%=2.53) and barley (LSD5%=1.70), at the tillering stage under four water regimes: 25, 50, 75, 100% of field capacity in a 
glasshouse. B=barley; C=control; DW=durum wheat; V=Vapor Gard at 5%, 7% or 10% (V5, V7, V10).
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Antitranspirant treatments significantly decreased leaf 
weight which might be refl ected by a decrease in transpiration 
rate (Shanan and Shalaby, 2011). Th is eff ect was associated with 
improved plant water relations, increased cell membrane stabil-
ity, reduced leaf abscission, and a transient reduction in plant 
growth rates (Goreta et al., 2007).

In an experiment with several species, an antitranspirant (pi-
nolene) spray aff ected yield as well as the rate of CO2 emission. 
Th e antitranspirant did not aff ect dry weight accumulation in 
the leaves, stems, roots, total plant leaf area, and leaf dry weight 
percentage. Even though CO2 assimilation was not impaired by 
the antitranspirant, water uptake was signifi cantly reduced, re-
gardless of the nutrient growth solution used (Del Amore and 
Rubio, 2009). Th e leaves of sesame plants appeared to express a 
defense mechanism, especially at 25% FC, if sprayed by kaolin, 
CaCO3 and paraffi  n (Gaballah et al., 2007). Consequently, VG 
effi  ciency was observed immediately aft er application and the 
eff ect of water stress was reduced, as shown by Mokhtari et al. 
(2006), due partially at least to the relative stability of the photo-
synthetic rate of durum wheat and barley. Spray interval seems 
to play a major role (Glenn et al., 2001). Th ree antitranspirants, 
including VG, were unable to mitigate drought stress in arti-
choke (Shinohara and Leskovar, 2014). VG delayed grape ripen-
ing and reduce sugar accumulation in the berries of Vitis vinifera 
L. (Palliotti et al., 2013). Th e use of kaolin, an antitranspirant, 
on olive trees, increased chlorophyll content, changed the fatty 
acid composition and improved the oxidative stability of the es-
sential oil (Khaleghi et al., 2015).

In addition to these positive water stress-mitigating bene-
fi ts, the leaf surface-protecting property of sufactants may aid 
in protection against diseases (Walters, 2009).

Conclusions
Th is study was carried out to investigate the eff ect of VG 

spray on leaf water potential and photosynthetic rate of durum 
wheat and barley under water stress. Results showed that, over-
all, VG spray increased LWP of durum wheat and barley with-
out any signifi cant change in the PR compared to controls, but 
only under select treatments. Th is improvement of LWP in 
durum wheat and barley may be attributed to better water status 
of plants, possibly by means of a reduction in transpiration. In 
this study, water defi cit was reduced by VG spray, but only for 
a short period of time, and more investigations are needed to 
evaluate the relationship between the number of sprays and the 
duration of the antitranspirant fi lm at the leaf surface.  More 
studies should be carried out on other physiological traits to 
implement the use of an antitranspirant such as VG to allevi-
ate water defi cit eff ect on cereal yield, especially under rain-fed 
conditions in a semi-arid climate.
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