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ABSTRACT: The effects of pinolene-base
Vapor Gard (VG) emulsion type film and Kaolin,
Surround (WP) particle type film antitranspirants
on stomatal behavior, water status, carbon assim-
ilation and transpiration rate of tuberose (Polian-
thes tuberosa L.) were studied. The plants grown
under the irrigation regimes of 100, 80 and 60% of
total evapotranspiration (ET) values were investi-
gated to select the most suitable antitranspirant
for conserving irrigation water, used in cultiva-
tion of tuberose plants in arid regions. Severe wa-
ter stress, decreased the stomatal frequency and
conductance (g), the leaf water potential (¥ ),
the osmotic potential (¥ ) and the turgor poten-
tial (‘I’P), the relative water content (RWC), the
chlorophyll content (chl), the carbon assimila-
tion rate (A) and the transpiration rate (E). Both
types of antitranspirants effectively enhanced the
performance and physiological activities of wa-
ter-stressed plants particularly at the 80% ET, but
they did not compensate for the negative effects
caused by the 60% ET treatment. However, the
particle type, Kaolin, was more effective than the
emulsion type, VG, due to its ability to reduce leaf
temperature. The increased g caused by VG and
Kaolin sprays were accompanied by increased
A suggesting that g might have a limiting effect
on A in water-stressed plants. Water use effi-
ciency (WUE) of Kaolin-sprayed leaves was sig-
nificantly higher than that of VG sprayed leaves.
However, no significant differences between both
antitranspirants on E were recorded. Increased
WUE, therefore, could be attributed to a higher

A by using Kaolin as compared with VG sprays.
Thus, particle type antitranspirants are more ef-
fective in regulating water status, WUE and the
photosynthetic activity of tuberose plants in arid
regions.
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1. INTRODUCTION

There is a critical need to balance water
availability, water requirements and water
consumption thus water conserving is be-
coming a decisive consideration for agricul-
ture, particularly in arid and semi-arid re-
gions where water is the main limiting factor
for plant growth. Moreover, plants are prodi-
gal in the water use because only roughly 5%
of water uptake is used for its growth and
development while the remaining 95% is lost
for transpiration (Prakash and Ramach-
andran 2000a). Actively growing plants
would transpire a weight of water equal to
their leaf fresh weight each hour under con-
ditions of arid and semi-arid regions if wa-
ter is supplied adequately (Moftah 1997).
This figure makes it necessary to find ways
by which available water could be economi-
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cally utilized. One way to achieve this goal is
to reduce the transpiration rate in order to
minimize the amount of irrigation water.

Certain chemicals with some biological
activities could be used to reduce the tran-
spiration rate and mitigate plant water stress
by increasing the leaf resistance to the diffu-
sion of water vapor. Based on their mecha-
nism of action, such anti-transpirants (AT)
were grouped into three categories (Moftah
1997), namely film-forming types (which
coat leaf surface with films that are imper-
vious to water vapor), reflecting materials
(which reflect back a portion of the incident
radiation falling on the upper surface of the
leaves) and stomatal closing types (which af-
fect the metabolic processes in leaf tissues).
Film forming and reflecting AT were found
to be non- toxic and have longer period of
effectiveness than metabolic types (Gawish
1992). Moreover, in contrast to most film-
forming AT which are impermeable to CO,
exchange and thus may reduce the rate of
photosynthesis (Moftah 1997), the pin-
olene-base Vapor Gard (VG) has not been
reported to reduce the photosynthetic rate.
It dries on plants to form a clear, glossy film
which retards normal moisture loss without
interfering with plant growth or normal res-
piration. It is also safe for human use as well
as it has been used on various fruit crops. In
addition, a reflective Kaolin spray was found
to decrease leaf temperature by increasing
leaf reflectance and to reduce transpiration
rate more than photosynthesis in many plant
species grown at high solar radiation levels
(Nakano and Uehara 1996). Early stud-
ies demonstrated that the reflective Kaolin
improved the water status and the yield of
water-stressed tomato plants, while it did
not reduce carbon assimilation (Glenn
et al. 2003).

Many studies have focused on compar-
ing the effects of AT on vegetables (Prakash
and Ramachandran 2000a) fruits (Glenn
et al. 2003) and field crops (Moftah 1997;
Gupta et al. 2001; Sutherland and Wal-
ters 2001). Unfortunately, data concerning
the impact of combined AT and extreme des-
ert climatic conditions on ornamental plants
are crucially lacking. Moreover, not a single
study has investigated whether or not the use
of a specific AT influences on ornamental

plants grown under water deficit conditions
in warm desert regions. However, a great
deal of interest in ornamental plants has re-
cently been shown by landscape gardeners
in almost all provinces of Saudi Arabia as in
other parts of the world.

Tuberose (Polianthes tuberosa L.) is one
of the most popular odorous flowering orna-
mentals and is an excellent summer bloom-
ing flowering bulb well suited to the summer.
It is commercially grown for its attractive
and luring cut flowers and also for the pro-
duction of new bulbs. Floral arrangements
are made from its flowers and also used for
floral bouquets and for table decorations be-
cause the flowers remain effectively fresh and
attractive for days. Also, tuberose produces
a showy, conspicuous, fragrant yield of cut
flowers of a high marketable value due to the
lack of other flowering bulbs in summer and
autumn (El-Naggar 1998). Therefore, the
present study was undertaken to determine
and compare the effects of Vapor Gard emul-
sion film (polyterpene material) and Kaolin
particle film (a reflecting material) on the
stomatal frequency, water status, photosyn-
thesis and transpiration of P. tuberosa plants
grown in sandy soil under different water
regimes, to select the most suitable one for
conserving irrigation water in arid regions.

2. MATERIAL AND METHODS

Tuberose (Polianthes tuberosa L.) cv.
Double bulbs of about 4-5 cm in diameter
were planted on April 7", 2002, in 30 ¢cm (in
diameter) plastic pots each filled with 10 kg
of air-dried, sandy soil. Pots were placed in
agreenhouse and plants were allowed to grow
for four weeks at 30/20°C day/night tempera-
tures, 400 umol m~ s™' photosynthetic active
radiation (PAR), enhanced by a high pres-
sure, sodium-lamp supplement from 5 to
21 h. Before planting, the first of three equal
doses of “Sangral” (William Sinclair Horti-
culture LTD, England) compound fertilizer
(20N-20P-20K, plus micronutrients) was ap-
plied to the soil (600 kg ha™). Sangral fertil-
izer composition are: 20% N, 20% P (ons)’
20% K (K,0), 0.40% S, 0.02% Mg (MgO),
70 ppm Fe, 14 ppm Zn, 16 ppm Cu, 42 ppm
Mn, 22 ppm B and 14 ppm Mo.
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Physical and chemical properties of the
experimental soil were as following: sand
was 95% of soil fractions (silt = 3.6%, clay =
1.1%), pH = 8.2, ECe = 2.06 ms; soluble cat-
ions: Na* = 11.0, Ca*" = 4.4, and Mg** = 2.5
meq.L™; soluble anions: CO,*+HCO, =3.0,
SO42* = 11.7, and Cl" = 7.6 meq.L'} CaCoO,
= 4.0% and organic matter = 0.23%. In the
greenhouse, all pots were irrigated to the
field capacity. The field capacity of the soil
was 11.50% * 0.3% (mean of six replications
+ SE), measured with the pressure—plate ap-
paratus.

Pots were then transferred to the open
air under field conditions and plants were
irrigated to field capacity for another four
weeks to prevent water stress, to ensure the
establishment of seedlings and to allow adap-
tation to the field conditions before drought
treatments were imposed. The second re-
maining two doses of fertilizer were applied
fortnightly thereafter (i.e. 70 and 84 days after
planting). Eight weeks after planting, water
stress was imposed by withholding irrigation
for a period of three days, during which AT
were applied and the watering of pots, as as-
signed to the required water stress levels, was
resumed on the 4™ day of water deprivation.

Depending on a preliminary experiment
and recommendations of earlier studies on
different crop species (Gawish 1992; Na-
kano and Uehara 1996; Moftah 1997;
Martinez et al. 2001), Vapor Gard (Miller
Chemical & Fertilizer Corp., Hannover, PA,
USA) was applied at 2% and Surround WP
(Engelhard Corp., Iselin, NJ, USA), a hydro-
philic Kaolin particle film, with wetting and
sticking agent, was applied at 3%. The treat-
ments of both AT were prepared using only
water (Sutherland and Walters 2001; Glenn
et al. 2003;). Thus AT treatments were:
i) 0 (control), ii) 2% VG emulsion film, and
iii) 3% Kaolin particle film. Starting from
59 days after planting, tuberose plants were
sprayed with fine mist of the AT solutions,
using a hand pressure-sprayer, until run-off
the whole plant. Water was sprayed as a con-
trol treatment.

At the beginning of water stress treat-
ments (60 days after planting), the evapo-
transpiration (ET) was determined gravi-
metrically (weighing pots with plants). The
amount of water lost during the three days

was recovered completely by irrigation for
control pots only. Other pots received ei-
ther 80% or 60% of the water added to con-
trol plants. Thus, throughout the course of
experiment, the amount of water applied at
each irrigation event was equal to the net
ET between each two successive irrigation
events.

In order to determine the amount of
water evaporated from soil surface, three
pots filled with the same amount of soil but
without planting were watered to 100, 80,
and 60% of the field capacity. The loss in pot
weights represented the amount of water lost
by evaporation.

The experimental layout was a random-
ized complete block design, with 35 pots in
each block, and replicated three times. Beside
the 3 pots of the evaporation measurements,
each block included seven treatments: 100%
ET watering, 80% ET watering, 60% ET water-
ing, 80% ET + VG, 60% ET +VG, 80% ET +
Surround WP, and 60% ET + Surround WP,

At three stages of plant growth, vegeta-
tive, flowering, and maturity, the following
data were recorded: a) mean values of stoma-
tal frequency in the abaxial and adaxial leaf
surfaces were determined microscopically as
a number of stomata per mm? of leaf surface
by spreading paint clear nail polish on the
leaf surface, allowing it to dry, then remov-
ing the polish strip using a piece of clear cel-
lophane tape, and taping it to a microscope
slide for viewing (Sing 1982).

Leaf temperatures were measured using
a steady-state porometer (LI-1600; LI-COR,
Lincoln, Neb., USA). Air temperatures were
measured close to plants using radiation-
shielded thermocouples. Measurements of
leaf and air temperatures were taken simul-
taneously every 2 hours during the vegetative
(June) and flowering (July) stages, and the
average temperatures were recorded.

Leaf water potential (‘¥ ) was measured
using a pressure chamber (PMS Instrument
Co., Corvallis, OR, USA) as described by
Scholander et al. (1965). Leaf osmotic
potential (¥ ) was measured with a vapor
pressure osmometer Wescor 5500. Leaf
pressure potentials (W ) were calculated by
subtracting ¥ from ¥ . All measurements
were made in mega pascal (MPa) units. Rela-
tive water content (RWC) was calculated
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according to the equation: RWC = 100 x (FW
- DW)/(TW -DW) as described by De Pas-
cale et al. (2003). Turgid weight (TW) was
determined in the uppermost fully expanded
leaves that were detached and weighed (FW),
floated on distilled water at 22°C in a dark
chamber for 24 h, and dry weight (DW) was
determined after oven drying at 75°C for
48 h. Water consumption was determined as
the total amount of water applied to replace
that absorbed or transpired by plants during
the period from the beginning of treatments
to harvest.

Leaves were detached and chlorophyll
was extracted immediately by placing discs
of known area in liquid N and crushing with
a mortar and pestle. Acetone (80% + 20%
distilled water) was added to the crushed
tissues. Chlorophyll a, chlorophyll b and to-
tal chlorophyll were extracted and analyzed
spectrophotometrically as described by Wet-
testein (1957). Chlorophyll concentration
(ug) , on leaf area bases (dm?), was recorded.

The net CO, assimilation rate (A) as
umol CO, m™ (leaf area) s™' (time of expo-
sure to light), the stomatal conductance (g,)
as mmol (water vapor) m~ (leaf area) s
(time of exposure to light), and the transpi-
ration rate (E) as H O m™ (leaf area) s™' (time
of exposure to light), were measured on the
first, uppermost, expanded leaves (suitable
for cuvette measurements) of three plants
per treatment using a portable photosynthe-
sis system (LI-6200; LI-Cor, Inc., Lincoln,
Neb., USA). Water use efficiency (WUE) was
calculated as the ratio A/E. Measurements
were taken at 13 h. The cuvette conditions
(air temperature, relative humidity, and CO,
concentration) were set to ambient, and mea-
surements were performed at PPFD of 1400
pumol m=2s.

All measurements were taken in three
replicates, unless otherwise indicated, be-
tween 11 and 13 h in the first, uppermost,
fully expanded leaves from different plants
in each treatment.

All data were statistically analyzed ac-
cording to Snedecor and Cochran (1980)
with the aid of COSTAT computer program
for statistics. Differences among treatments
were tested with LSD at a 5% level of signifi-
cance.

3. RESULTS AND DISCUSSION
3.1. Leaf temperature

In arid regions such as the central part of
Saudi Arabia, sun irradiance and air temper-
ature are often high, particularly in the sum-
mer season, and leaf temperature can readily
rise 4 to 5°C above ambient air temperature
in bright sunlight near midday, when the soil-
water deficit causes partial stomatal closure
and reduces the evaporative cooling. Thus,
as Taiz and Zeiger (2002) indicated, plants
in such regions can experience some degree
of heat stress, which may negatively affect or
even inhibit both photosynthesis and respi-
ration, consequently reducing plant growth
and hindering physiological processes.

The present study shows that Kaolin
sprays were accompanied by a significant
reduction in leaf temperature, particularly
at mid-day (13-15 h) when air temperatures
and incident radiations were high (Fig. 1). In-
creased reflection of incident radiation from
the white-colored, Kaolin-sprayed leaves was
probably responsible for the temperature
reduction. Glenn et al. (2003) found more
than 3°C reduction in Kaolin-treated apple
leaf temperatures. In the present study, Ka-
olin sprays also reduced tuberose leaf tem-
perature of the 80% ET treated plants by
about 6 and 7°C in June (vegetative stage)
and in July (flowering stage), respectively, at
15 h. The reduction in leaf temperature of the
60% ET treated plants was less pronounced
than 80% ET. Vapor Gard, however, did not
show significant reduction in leaf tempera-
ture, while control plants showed slight re-
duction in leaf temperature, particularly at
13-17 h. By the end of the day, VG, Kaolin
and control plants had similar temperatures
implying that long-wave emittance was un-
affected by Kaolin sprays. These results are
in accordance with those reported by Jifon
and Syvertsen (2003). The higher vari-
ability in leaf to air temperature difference of
control and VG-sprayed leaves compared to
Kaolin sprayed leaves suggests that the Ka-
olin coating may have insulated leaves from
changes in air temperature. While VG film
may coat stomata and somehow retard tran-
spiration-cooling process.
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3.2. Stomatal frequency

Data in Fig. 2 show that water deficit
conditions strongly reduced the number of
stomata per mm? of tuberose leaves at all
stages of plant growth with mature stages be-
ing most affected. With 60% irrigation, the
number of stomata was reduced by about 31,
33, and 36% at vegetative, flowering, and ma-
ture stages, respectively. Since stomatal fre-
quency and size are strongly correlated with
the rhythm of leaf appearance (Tucci et al.
2000), the negative effect of water stress on
stomata formation as a result of decreasing
leaf cell division and enlargement was report-
ed by Taiz and Zeiger (2002). Concurrent
increases in abscisic acid (ABA) level in xy-
lem sap and plant tissues have been reported
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under water stress conditions (Gupta et al.
2001). ABA has been proposed as the com-
mon link between the development of root
stress and consequent reductions in stoma-
tal frequency (Tucci et al. 2000) and con-
ductance (Broadley et al. 2001). Therefore,
plants appeared to reduce the transpiration
loss of water under moisture stress condi-
tions by reducing the number and/or size of
stomata. These results are in accordance with
those reported by Prakash and Ramachan-
dran (2000a) in Solanum melongena L.

The number of stomata per unit area of
Vapor Gard and Kaolin-sprayed leaves had
increased compared with unsprayed, stressed
plants, with Kaolin having greater effects at all
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VG in stomata regulation and ontogeny may

—e— Cont
—— 60%
—A— 60%+VG
—l— 60%+Kaol

g ar
2 -
0 1 1 1 1 1 1
8 -
g 6 r
20
© o
g9
E ¢ 4t
Lo
5 e
_;'_ ©
< 2r
0
9 1 13 15 17 19 9 11 13 15 17 19
Time of day (HR) Time of day (HR)

80% ET irrigation

60% ET irrigation

Fig. 1. Effect of Vapor Gard (VG) and kaolin (Kaol) on air-to-leaf temperature differences in leaves of
tuberose (Polianthes tuberosa L.) plants grown under 80% or 60% ET irrigation and control during veg-
etative (A) and flowering (B) stages. Error bars indicate SE (n = 3).
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Fig. 2. Effects of Vapor Gard (VG) and Kaolin (Kaol) on stomatal frequency (average of adaxial + ab-
axial sides) in tuberose (Polianthes tuberosa L.) plants grown under 80% and 60% ET irrigation regimes.

Each bar is a mean =+ standard error (n = 5).

have been brought about by the great ability
of Kaolin particles to reduce heat stress and
solar injury (Glenn et al. 2003) causing only
partial closure of stomata.

3.3. Water relations

Our data indicate that ¥ , ¥, and ¥
as well as RWC were higher i in non-stressed
control plants compared to water-stressed
plants (Table 1). It is clear that control plants
had a good water supply and thus, their ¥
was always high and fluctuated within a nar-
row range (-0.82 to -0.96 mega pascal, MPa)
during the vegetative and flowering stages.

Under water-deficit conditions, on the
other hand, all water relation parameters were
reduced compared to non-stressed plants.
The reduction rates observed in their values
were proportional to the levels of soil dry-
ness. Thus, the decrease was greater at 60%
than at 80% ET. For instance, Y of plants
grown at 60% ET declined sharply from
-0.82 and -0.96 mega pascal (MPa) to -1.31
and -1.62 MPa at vegetative and flowering
stages, respectively. While at maturity, ¥

changed only from -1.27 (control) to -1.77
MPa. It was obvious that, although Y of non-
stressed plants decreased with plant growth,
the trend observed for ¥_ of water-stressed
plants did not differ significantly from that
observed for ¥  during vegetative, flowering
and maturity stages. The decrease in water
relation parameters in water-stressed plants
is a well-documented phenomenon (Gupta
etal. 2001;De Pascale etal 2003). It is well
known that, when transpiration exceeds wa-
ter absorption, cell turgor falls as RWC and
cell volume decreased, whilst the concentra-
tion of cellular contents increased, so Y and
V¥ fall (Lawlor and Cornic 2002) and, as
discussed later, low turgor and RWC slow
plant growth and decrease of stomatal con-
ductance (g)).

Vapor Gard and Kaolin treatments
seemed to enhance plant water status con-
siderably, particularly at later stages of plant
growth. Substantial increases in ¥ , ¥ , and
¥ were recorded in plants treated w1th ei-
ther the emulsion film VG or the particle
film Kaolin antitranspirants. However, Ka-
olin was much more effective in maintaining
water balance and hence, increasing water
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relation parameters, than VG. This may be
due to the reflective nature of Kaolin which
may have reduced the absorption of radiant
energy and thereby reduced leaf temperature
and transpiration rate (Glenn et al. 2003),
not only due to the formation of a physical
barrier against water loss, as in the case of the
emulsion film-forming materials, VG (Dav-

3.4. Chlorophyll content

During vegetative stage, mild water
stress (80% ET) increased unexpectedly total
chlorophyll content, expressed on leaf area
basis (Table 2). Such an increase was also ob-
served if the chlorophyll concentration was
expressed on a fresh weight basis (data not

enport et al. 1974). shown). As moisture stress became severe,

Table 1. Effects of Vapor Gard (VG) and Kaolin sprays (AT) on leaf water potential (‘¥ ), leaf osmotic
potentlal (¥)), and leaf turgor potential (¥) in mega pascal (MPa) units at vegetative (65 DAP'), flower-
ing (80 DAP) and mature (95 DAP) stages of tuberose (Polianthes tuberose L.) plants grown under 60%
and 80% of ET? irrigation regimes. Each value of MPa represents the mean of three replicates.

Yw Y Yp

egime AT
(%ET) P Vegetative Flowering Mature Vegetative Flowering Mature Vegetative Flowering Mature
Control 00 -0.82a> -096a -1.27a  -1.83a -1.78a  -2.03b 1.0la 0.82a 0.86a
80% 00 -096b -1.41lc -1.52b -191b -2.15d -2.31c  0.95b 0.74b 0.79b
VG -0.86a -0.98a -1.10a -1.84a -1.77a -1.93a  0.98a 0.79a 0.83a
Kaolin -0.88a -1.10a -1.22a -1.85a -1.87b -2.00b  0.97a 0.77b 0.80b
60% 00 -131c  -1.62d -1.77¢  -2.09c -2.34d -2.47c¢  0.78d 0.72¢ 0.70c
VG -094b -1.21b -1.23a -1.90b -1.96¢ -1.99a  0.96b 0.75b 0.76b
Kaolin -0.96b -1.26b -1.30b -1.92b -1.98c -2.04b  0.86¢ 0.72¢ 0.74c

'DAP = Days after planting.

2ET: Evapo-transpiration.

*Means in the same column followed by the same letter are not significantly different at the 5% level
according to Tukey’s test.

Table 2. Effects of Vapor Gard (VG) and Kaolin sprays (AT) on chlorophyll a, chlorophyll b and total
chlorophyll (ug dm™ leaf area) at vegetative (65 DAP'), flowering (80 DAP) and mature (95 DAP)
stages in leaves of tuberose (Polianthes tuberose L.) plants grown under 60% and 80% of ET? irrigation
regimes. Each value of chlorophyll units represents the mean of three replicates.

Water Vegetative Flowering Mature
regime AT
(%ET) P™  Chla  Chlb  Total  Chla  Chlb  Total  Chla  Chlb  Total
Control 00 0.64b3  0.28a 0.92b 0.70b 0.29b 0.99b 0.60a 0.22a 0.82a
80% 00 0.72a 0.30a 1.02a 0.62¢ 0.26b 0.88¢ 0.54b 0.20c 0.72b
VG 0.63b 0.27b 0.90b 0.71b 0.28b 0.99b 0.58b 0.21a 0.79a
Kaolin 0.85a 0.32a 1.17a 0.88a 0.34a 1.22a 0.66a 0.26a 0.92a
60% 00 0.50c 0.22¢ 0.72d 0.54d 0.22¢ 0.76¢ 0.42d 0.12¢ 0.54c
VG 0.60b 0.25b 0.85¢ 0.65¢ 0.27b 0.92b 0.48¢ 0.16b 0.64b
Kaolin  0.60b 0.26b 0.86¢ 0.65¢ 0.28b 0.93b 0.50c 0.19b 0.69b

'DAP = Days after planting.

*ET: Evapo-transpiration.

*Means in the same column followed by the same letter are not significantly different at the 5% level
according to Tukey’s test.
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chlorophyll a, chlorophyll b and total chlo-
rophyll content were reduced at all growth
stages when compared to the control. The
present results are consistent with those re-
ported by Younis et al. (2000), who found
that a mild water deficit increased chloro-
phyll a, chlorophyll b and total chlorophyll
content in different Sorghum vulgare cul-
tivars, while prolonged severe water stress
decreased chlorophyll content significantly.
The increase in chlorophyll content under
mild water stress may be due to the increased
thickness of leaves and compacted mesophyll
cells of stressed-leaves, consequently more
chloroplasts per unit area as often in the case
under stress conditions (Delperee et al
2003). Results of decreasing chlorophyll con-
tent under advanced water stress was similar
to that reported by Prakash and Ramach-
andran (2000b) in Solanum melongena,
who postulated that moisture stress would
have inhibited the biosynthesis of chloro-
phyll a precursor, which in turn would have
reduced the total chlorophyll content.

Under 80% irrigation regime, Kaolin
treatments significantly increased chloro-
phyll content in water stressed-plants com-
pared to the control plants, while VG did
not cause significant changes in chlorophyll
content. Reducing heat stress and sustaining
suitable leaf water content of Kaolin-sprayed

plants may have enhanced chlorophyll for-
mation in plant leaves. Prakash and Ra-
machandran (2000b) showed that among
several antitranspirant materials, Limewash
particle type enhanced chlorophyll forma-
tion in moisture-stressed Solanum melongena
plants compared with the untreated plants.
Recently, Tworkoski ef al. (2002) indicated
that the particle-film-type antitranspirant
enhanced chlorophyll biosynthesis and in-
creased the chlorophyll content of Phaseolus
vulgaris leaves.

3.5. CO, assimilation and
transpiration rates

Photosynthetic CO, assimilation (A)
and transpiration (E) rates were significant-
ly lower in water-stressed tuberose plants
relative to non-stressed plants at all growth
stages (Table 3). Data show that the decreases
in both A and E are associated with signifi-
cant reduction in stomatal conductance (g).
A large body of evidence shows that reduced
g and A are attributed mainly to low ¥  of
water-stressed plants as RWC decreases un-
der water deficit conditions. Three lines of
evidences indicate the significant effect of low
RWC on the photosynthetic rate. The first
one is consistent with Lawlor and Cornic

Table 3. Effects of Vapor Gard (VG) and Kaolin sprays (AT) on the net CO, assimilation rate (A), the
transpiration rate (E) and the stomatal conductance (gs) at vegetative (65 DAP!), flowering (80 DAP)
and mature (95 DAP) stages of tuberose (Polianthes tuberose L.) plants grown under 60% and 80% of
ET?irrigation regimes. Each value of measurements represents the mean of three replicates.

Water A (umol CO, m™s™") E (mmol H O m™s™) g (mmol m~s™)

F o — - -

(% ET) Vegetative Flowering Mature Vegetative Flowering Mature Vegetative Flowering Mature
Control 00 12.1a3 11.6a 6.0a 3.08a 3.60a 2.65a 176a 170a 108a
80% 00 10.7b 9.2b 4.8b 2.86b  2.92b 2.50a 157b 140b 86¢

VG 10.5b 9.8b 5.0b 2.66b  2.80b 2.44a 168a 152a 92b
Kaolin 11.4a 10.7a 5.8a 275b  2.65b 2.30b 171a 156a 98b
60% 00 7.8d 6.3d 3.0d 205d  2.36¢ 1.94c 134c 101c 71d
VG 9.2c 8.8¢c 4.7c 2.50c 2.46¢ 2.10b 160b 130b 90b
Kaolin 9.9¢ 8.7¢ 5.0b 2.56¢ 2.34c 2.09b 158b 148b 88c

'DAP = Days after planting.
2ET: Evapo-transpiration.

*Means in the same column followed by the same letter are not significantly different at the 5% level

according to Tukey’s test.
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(2002), who reported that decreasing RWC
reduces g and thus the concentration of CO,
supply inside the leaf [C . Asa consequence
A declines according to the equation: A =
g [C]. The second evidence shows that the
supply of CO, to the photosynthetic key en-
zyme “Rubisco” could be limiting because
of the physical alteration in the structure
of intercellular spaces due to leaf shrinkage
at low RWC (Lawlor and Cornic 2002).
A third explanation was reportedby Prakash
and Ramachandran (2000b) who attrib-
uted the reduction in the photosynthetic rate
mainly to the decrease in chlorophyll content
under severe water-deficit conditions.

Although the application of both anti-
transpirants was found to improve A in wa-
ter-stressed plants, Kaolin particle film was
found to have greater effect than VG. The
increase in A due to particle film and VG an-
titranspirants was also reported by Prakash
and Ramachandran (2000b), who found
that the photosynthetic rate was higher in
water-stressed plants treated with particle-
film-type antitranspirants than untreated
stressed plants. The present study indicates
that the increased A in Kaolin treated plants
was found to be associated with reduced
leaf temperature and increased g with heat
stress being reduced. The study of Glenn
et al. (2003) on the use and effect of Kaolin
indicated that the reflective coating spray on
plants under water stress provided more ben-
efitin reducing the heat load than a reduction
in CO, assimilation due to light obstruction.
In a similar study, Tworkoski et al. (2002)
found that particle application did not affect
photosynthesis, while leaf temperatures, g
and E of bean plants were reduced. An expla-
nation of the mechanism of Kaolin applica-
tion on treated plants was reported by Jifon
and Syvertsen (2003), who demonstrated
that Kaolin particle film increased leaf reflec-
tance and reduced midday leaf temperature
and leaf-to-air vapor pressure differences
(VPD). They found also that reductions in
leaf temperatures and VPD were accompa-
nied by increased g and A of Kaolin-treated
leaves.

Water stress significantly reduced E,
while antitranspirants enhanced it either at
60% or 80% ET irrigation (Table 3). It is clear
that during active growth periods, i.e., veg-

etative and flowering stages, the g of the con-
trol plants varied within a narrow range (176
- 170 mmol m™ s™'), and E also changed be-
tween 3.0 and 3.6 mmol m~2s~!, while the cor-
responding values for the 60% ET stressed-
plants were about 134 to 101 mmol m™ s
and 2.0 to 2.4 mmol m= s! for 4 and E, re-
spectively. As found in the present study, and
consistent with Liang et al. (2002), g and
E are significantly reduced when ¥ | declined
when RWC decreased with water stress. The
effect of low g in reducing the transpiration
rate with the decrease of available soil water
could be a combination of several phenom-
ena. Some of these phenomena are increased
hydrolic resistance within the xylem, in-
creased resistance at the soil-root interphase
(Passioura 1988), and increased irradiance
energy supply (Taiz and Zeiger 2002). In
addition, stomatal frequency and distribu-
tion might also be involved as already dis-
cussed in this study.

The potential of both antitranspirants
to reduce transpiration rates was more pro-
nounced at 60% than at 80% ET irrigation
level. However, Kaolin was more effective in
reducing the transpiration rate than VG, par-
ticularly at later stages of plant growth. The
present data also show that the g of VG or
Kaolin sprayed-plants did not reach that of
the control plants. But both antitranspirants
caused a significant increase in g of water-
stressed plants compared to non-sprayed,
stressed-plants. A highly positive correlation
(r=0.84) between the E and g values for each
antitranspirant was found along the experi-
mental period. The close association between
E and g was also recorded by Martinez
et al. (2001) The effects of antitranspirants
on E and g discussed in the present study are
consistent with those reported by Darling-
ton et al. (1996).

3.6. Water use efficiency

Water use efficiency (WUE) was highest
during vegetative and flowering growth stages
but declined at maturity (Fig. 3). Vapor Gard
and Kaolin sprays had positive effects on the
WUE of water stressed plants compared to
unsprayed plants. As discussed earlier, VG
and Kaolin enhanced the net CO, assimila-
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Fig. 3. Effects of Vapor Gard (VG) and Kaolin (Kaol) on water use efficiency (WUE) in tuberose
(Polianthes tuberosa L.) plants grown under 60% and 80% ET irrigation regimes. Error bars indicate

SE (n=4).

tion rate (A) and decreased the transpiration
rate (E) of plants grown under water-deficit
conditions, particularly 80% ET. Thus, the
instantaneous WUE, estimated as the ratio
between A and E, was significantly higher in
antitranspirant-treated plants compared to
the control or stressed unsprayed-plants. Be-
cause WUE declines with increasing incident
radiation (Jifon and Syvertsen 2003),
increasing reflection of incident radiation
from Kaolin-sprayed tuberose leaves may be
the main reason for the superiority of Kaolin
over the VG in causing substantial increases
in WUE of water-stressed plants.

In conclusion, the negative effect of wa-
ter deficit, imposed at different developmen-
tal stages of growth, on stomata, water status,
photosynthesis, and the transpiration rate in
tuberose, as an example of the valuable or-
namental plants, is an important aspect to
consider in arid warm regions. Applications
of emulsion film type, “Vapor Gard”, and Ka-
olin particle film type, “Surround WP”, were
found to enhance positively all parameters
in plants subjected to mild water stress (80%
ET), while at higher water stress (60% ET)
antitranspirants could not induce suitable

physiological performances. Under the con-
ditions of high water deficit and heat stress
with high evaporative demands, such as that
prevailing in arid and semi-arid regions, Ka-
olin sprayed-plants would perform better
than VG-sprayed plants due to its ability to
reflect most of the radiant energy fall on leaf
surfaces, thus to reduce the leaf temperature
and the transpiration rate, and to increase
the photosynthetic rate and the water use ef-
ficiency.
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