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ABSTRACT: This study was carried out at El-Kanater Horticulture Research Station, El-
Kaluobia Governorate during the two successive seasons of 2013 2014 and 2014 2015 to
illustrate the effect of three irrigation intervals (each two, three, and four days) and five
antitranspirants (potassium, sodium , and aluminum silicate ,magnesium and calcium carbonate
in addition to control on minerals content ,water use efficiency and stomata morphology of
Festival strawberry cultivar .The experimental design was split plot design with three replications
under drip irrigation system .Results indicate that minerals contents of plant leaves as nitrogen ,
sodium and iron were affected with spacing water intervals in the two seasons while ,
magnesium and silicon were affected in the first season only .But each of potassium , calcium ,
zinc and manganese were not significantly affected with irrigation intervals .The best treatments
resulted in the highest minerals content with irrigation each three or four days and foliar spray of
kaolin or potassium silicate.The interaction treatments between irrigation intervals each four
days and foliar spray of each kaolin and magnesium carbonate resulted in the highest values of
water use efficiency compared to the other treatments in the two tested seasons. Results of
scanning electron microscope analysis show that use of any of antitranspirants under study
improved water status of the plant and reduced water loss through transpiration, as a result of
the partial and relatively closure of the leaves stomata compared to the untreated plants. The
study recommend irrigating strawberry plants each three days and foliar spray with each kaolin
or magnesium carbonate ,calcium carbonate, potassium silicate and sodium silicate
respectively to increase minerals content , water use efficiency, and therefore , yield and quality
of strawberry under Kalubia Governorate conditions.

Key wards: Strawberry , irrigation intervals antitranspirants. element contents ,water use
efficiency and SEM of stomata.

INTRODUCTION in dry leaves of strawberry increased with

Strawberry ( Fragaria x ananasa ) plants the duration of the reproductive growth
are  highly  susceptible to  drought stage at the beginning and the end of the
conditions.In recent years water availability flowering stage. Leaf area can also be
is one of the major problems in agriculture at restricted under drought stress to get a
a global scale and particular in Egypt, balance among water status of crop tissue
because of the shortage of available water and absorbed water by roots (Passioura
resources. Strawberry plant is classified as a 1996) No difference in response to the K or
silicon non — accumulator. Yasuto and Na salts of Si during the growth stages of
Takahashi (1986) reported that SiO, content strawberry plants and increased plant
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growth when treated with potassium and
sodium silicate (Wang and Galletta 1996) on
strawberry they showed that Si ,.Macro and
microelements concentration and their
uptake were increased with increasing water
supply to the soil in potato plants( Abd EI-
Rheem , 2003).

Improvement of fruit quality and the
potential use of antitranspirants is not
restricted to water conservation but includes
the maintenance of favorable water balance

in plants, particularly at critical growth
stages when high water potentials are
essential for optimum plant growth

(Saleh and EIl-Ashry, 2006). Ezzat et. al.,
(2009) indicated that foliar application of
kaolin under low quantity of water increase
macro and microelements in potato tubers
compared to untreated plants.Also,they
concluded that treated potato plants with
kaolin increased leaf resistance to diffusion
of water vapor Application of antitranspirants
on sweet pepper reduced the fruit firmness
in high Mg/Ca and control also high K or
high Mg significantly reduced Ca
concentration ( Francisco and .Jose 2009).
K, Ca, Mg, and Na concentrations were
measured under different deficit irrigation in
leaves. leaf Ca content increased with
decreasing water availability.No significant
difference in K and Mg content was found
while Ca content decreased in both deficit
irrigation treatments. On the other hand, Na
content tended to increase with deceasing

soil water availability (Jensen
2011).Recently , Ahmed (2014) reported
that spraying with ,kaolin or calcium

carbonate on banana plants had positive
effects to preventing the adverse effects of
water stress as well as promoting yield and
fruit quality. Moreover , he indicates that
treated plants produced the maximum
values of N, P and K concentrations in the
leaves compared to the untreated plants. In
addition , application of antitranspirants
has beneficial effects on N, P, K, Mg, Zn
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and Fe accumulation in the fruit and these
elements are important for fruit quality (El-
Khawaga and Mansour, 2014).Recently,El-
Zohiri and Abd El-Aal (2014) improved plant
growth of taro by using magnesium
carbonate as antitranspirants under different
irrigation levels. Also ,they indicated that
magnesium carbonate as antitranspirant
supported plants to absorb N and Mg and
increased crop water use efficiency .

Antitranspirants are frequently classified
into three categories .The first are reflective
materials designed to reduce the amount of
radiant energy absorbed, thus lowering the
transpiration rate. The second category
includes chemical compounds which affect
guard cell metabolism causing the stomata
to close and the third category are the film—
forming and silicone antitranspirants which
create a hydrophobic barrier that restricts
the diffusion of water vapor from the leaf
(Anderson and Kreith ,1978 and Lipe and
Wendt , 2008).When stomata are opened
CO2 is taken up while water is transpired.
When stomata are closed little CO2 is taken
up and the transpiration is lowered. By
opening and closing the stomata plants can
regulate the amount of water lost , by
sacrificing CO2 uptake ,when the
environment condition are unfavorable
(Farooq et. al., 2009) .

Reducing quantities of transpiration by
application of antitranspirants is a very
attractive subject in agriculture as it could
save considerable quantities of water and
also reduce plant stress caused by water
deficits. However, the application of such
film-forming materials has been related to
the inhibition of the diffusion of carbon
dioxide (CO2) more than of H,O, resulting in
a decrease in growth (Brown and
Rosenberg, 1973) .Ahmet et. al., (2004)
reported that increasing irrigation frequency
caused significant increases in plant water
consumption and vyield, whereas, an
excessive irrigation level had a negative



Influence of irrigation intervals and antitranspirants on growth,.......................

effect on irrigation use efficiency on summer
squash.

Stomatal control is the first and most
important step in response to drought,
as stomatal conductance reduces the
rate of water loss and slows the rate
of water stress development and
minimizes its severity (Hanson and
Hitz, 1982). Using antitranspirants will lower
the surface tension of water, which
increases the efficiency of water penetration
and allows normal plant respiration but
reduces transpiration (Lolicato, 2011).

Potassium is the main regulator of the
osmotic potential in the guard cells , thereby
controlling opening and closing of the
stomata (Ficsher,1971) .Guard cells are
relatively small cell but there is considerable
variation in their size between species .The
dimensions of the outer limits of the walls
may vary from 10 to almost 80 micrometer in
length and from a few micrometers to about
50 micrometer in width though that
dimensions of width may vary according to
the stomata aperture (Wilmer and Pricker
1996 ). Segura et. al.,(2015) reported that
foliar application of kaolin increased
stomatal density in water —stressed plants.

Water deficit has many effects on
strawberry plant physiology and productivity
involving reactions ranging from cellular
levels to entire plant. Reducing quantities of
transpiration by application of
antitranspirants is a very attractive subject in
agriculture as it could save considerable
guantities of water and also reduce plant
stress caused by water deficits. Therefore ,
the aim of this study was to determine
irrigation intervals and antitranspirants
application effect on the strawberry plant
minerals content, water use efficiency and
leaf stomata behavior .

MATERIALS AND METHODS
Two experiments were conducted at
Elkanter Research  Station, Qaluobia
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Governorate during the two growing
seasons of 2013 / 2014 and 2014 /2015 The
soil was clammy in texture "Festival"
strawberry cultivar was used in this study.
Dates of planting were September 25" and
October 2™ in 2013 and 2014 for the first
and second seasons, respectively. All
agricultural practices for cultivation were
performed as recommended by Ministry of
Agriculture and Land Reclamation. The
treatments comprised three irrigation
intervals (two days common used at the
farm ,three days and four days intervals)
and six treatments of: tap water as control,
potassium silicate (k, O3Si) ,sodium silicate
(Na, O3Si) calcium carbonate (CaCOs)
magnesium  carbonate (MgCO3;) and
aluminum silicate (Al,Si,O-) or (kaolin) , the
concentration was 2% used for all the
treatments to improve water efficiency and
reduce water requirements under drip
irrigation system. The foliar spray treatments
were started after 45 day from transplanting
and every 15 days until the end of May. The
experiment was designed in a split plot
arrangement  with  three  replications.
Irrigation intervals were in the main plots
and antitranspirants used to minimize water
requirements were allocated in the sub
plots. At planting dates the fresh transplants
were dipped in Rhizolex solution at rate of
2.0 g/l for 20 minutes as recommended
before transplanting .Plants were arranged
in four rows-bed system with 120 cm width
and 30 cm height .Plant distances were
25cm apart (16 plants /m?) Plot area was
34m”.Three beds each with 20 m length and
1.7 m width .

Data recorded:
1- leaf mineral content:

Five plants were taken from each
experimental plot on March 15 to
determine leaf mineral content . leaves
were washed with tap water, rinsed
with distilled water then weighted after
air dried. Then leaves were oven dried
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at 60-70 C. Dry leaves were grounded
and digested using sulphoric acid and
oxygen peroxide according to leaf
mineral content of N and P were
determined on dry weight basis
according to Jackson, (1973).The Ca,
K, , Mg,Na, Si, Fe,Zn, and Mn
concentrations in dry matter of leaves
was determined with an inductively-
coupled plasma (ICP) spectrometer
according to Stefansson (2007) .

2-Water utilization efficiency (W Ut

E):

Applied irrigation water is used to
describe the relationship between
production and the amount of water applied .
It was determined according to the following
equation (Jensen 1983 ):

Water utilization efficiency =
Fruit yield (kg) /feddan

Seasonal AIW(mswater applied /feddan )

3-Water use efficiency (W.U.E.):

The production of strawberry fruits by
one cubic meter of irrigation water (fruit yield
in kg /feddan /m?® water consumed /feddan ),
as affected by different treatments was
calculated by the following equation (Begg
and Turner 1976) .

yield (Kg/fed)
Water use efficiency = Kg/m?
Water quantity (m*/fed )

4-Sccaning electron microscopy :-
The morphological changes of stomata
for leaf No.3 from different treatments were
examined and calculated through a Joel
Scanning Electron Microscope (T.33A)
linked with the semafour software program
in the Central Laboratory of the Faculty of
Agriculture, Ain Shams University.

Soil sample :
Soil sample (0-30 cm) was collected for
this study. The collected soils were air dried,

crushed and sieved in 2 mm sieve. Some
physical and chemical characteristics of the
investigated soils are presented in Table (2).
Soil sample from the experimental site was
taken to determine the properties as: Particle
size distribution was carried out using the
international pipette method as described by
Baruah and Barthakur (1997). Electrical
conductivity was determined in the extract of
saturated soil paste according to the method
mentioned by Jackson (1973). pH values
were measured in (1:2.5) soil suspension
using pH meter according to the method
mentioned by Black et al. (1965). Soluble
cations (Ca2*, Mg®*, Na" and K*) and anions
(CI', CO3? HCO; and S0,% were
determined in the soil paste extract according
to Jackson (1973). Available potassium was
measured using Flame photometer after
extracting by ammonium acetate as
described by Miller and Keeney (1982).

Statistical analysis:-

Data were subjected to statistical
analyzed as split plot design according to
the procedure described by snedecor and
Cochran (1982) . Comparison among means
of treatments were tested using Duncan
multiple range test .

RESULTS AND DISCUSSION
Mineral contents in plant dry
weight :-

1- Nitrogen content :-

Data in Table (4) showed that, the
highest concentration of N was obtained
with irrigation every two days intervals in the
first season while in the second season
there was no significant difference between
irrigation each two and three days. These
results were in harmony with those obtained
by El-Sayed et. al., (2015)

Concerning the effect of antitranspirants
as foliar  application on nitrogen
concentration , obtained results showed that
the highest N concentration was resulted
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from using kaolin as antitranspirants in the clearly indicate that foliar application of both
first season Moreover ,there were no kaolin and potassium silicate under two and
significant differences with application of three days irrigation intervals gave the
potassium silicate in the second season. highest value of N concentration. These
Obtained results are in agreement with results may be due to the highest leaf area
Ezzat et. al.,(2009) on potato plants.As of strawberry plant treated as reported in the
respect to the effect of interaction, results previous paper .

Table (1): Physical and chemical properties of the experimental site:

Texture
Particle size (%) class
Soil

Sand Silt Clay
30.67 22.74 46.59 Clay

Properties Chemical

Soluble ions in saturated extract, (meg/l)

ECe pH K* Na* ca? Mg* e HCOs o,2 50,2 om
dS/m (%)
0.19 830 06 070 026 034 050  0.89 000 051 202

Table (2): The soil moisture constants (% by weight) and bulk density of the experimental

soil
Mean soll Bulk density Field capacity Wilting point Available water
0, 0,
depth (cm) gm/cm3 (%) (%) (%)
0-45
1.21 40.01 24.19 15.82

Table (3): Amounts of applied irrigation water quantity (m®fed) in each irrigation intervals
during the two growing seasons of 2013/2014 and 2014/2015.
Water quantity (m°/fed)

Treatments I, I, I3
Seasons
2013/2014 3413 2731 2048
2014/2015 3200 2560 1920
Average 3307 2646 1984

I1-Two days interval |- three days interval I3- four days interval
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Table (4): Effect of Irrigation intervals ,some antitranspirants and their interactions on N
and P content % in strawberry leaves during the two growing seasons of
2013/2014 and 2014/2015

N conten P content (%)
Character Irrigation intervals
1 Io I3 Mean l1 Io I3 Mean
Treatments
2013-2014
Control 1.750gh 1563h 1506h 1.606C 0.2640b 0.2627b 0.2690b 0.2652B
P.S. 2905bc 2.452cd 1.629h 2.329B 0.2680b 0.2713b 0.2730b 0.2708 AB
S.S. 2.205 defg 2.316 def 1.846fgh 2.122B 0.2673b 0.2767b 0.2720b 0.2720 AB
C.C. 2.862bc 1.840gh 1.886efgh 2.196 B 0.2683b 0.2650b 0.3150a 0.2828 A
M.C. 2972b 1.778gh 1.677h 2142B 0.2750b 0.2633b 0.2737b 0.2707 AB
A.S. 3.578a 1.868efgh 2.329de 2592A 0.2753b 0.2753b 0.2717b 0.2741 AB
Mean 2712 A 1969 B 1.969 B 0.2697 A 0.2691 A 0.2791 A
2014-2015
Control 1.628ef 1.663ef 1.396f 1562 E 0.2550 cde 0.2470efg 0.2400g 0.2473D
P.S. 2.548bc 2.755b 1.519ef 2.274AB 0.2603cd 0.2837a 0.2833a 0.2758A
S.S. 1.791ef 1.972de 1.722ef 1.828D 0.2437fg 0.2627c 0.2633c 0.2566 CD
C.C. 2.463 bcd 1.978 cde 1.848ef 2.096 BC 0.2517 def 0.2573 cd 0.2613 cd 0.2568 CD
M.C. 2.926b 1.63lef 1.604ef 2.054C 2643 bc  0.2607 cd 0.2630c 0.2627 BC
A.S. 3.578a 1.790ef 2.012cde 2.460A 0.2570cde 0.2777a 0.2737 ab 0.2694 AB
Mean 2489 A 1965AB 1.683B 0.2553 A 0.2648 A 0.2641A

I1-Two days interval |- three days interval I3- four days interval

P.S.- Potassium silicate S.S.- Sodium silicate C.C.- Calcium carbonate M.C.--Magnesium carbonate A.S -
aluminum silicate (Kaolin)VValues within the column or rows followed by the same capital or small letter /s
do not significantly differ from each other according to Duncan 's multiple range test at 5 % level

2-Phosphorus content:

In Table (4) there were no significant
influence  of irrigation intervals on
phosphorus concentration in the two
seasons. These findings are in agreement
with El-Sayed et. al., (2015) on strawberry
Application of calcium carbonate has a
significant effect on p concentration in the
first season while in the second season the
application of potassium silicate resulted in
the highest p concentration.
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Results from interaction  between
irrigation every 4 days with spraying calcium
carbonate, was significantly superior over
many other interaction treatments in the first
season. Similar results were obtained with
Ahmed (2014) on banana.Spraying of kaolin
had the highest Phosphorus concentration
under the water stress conditions could be
due to an increasing in total soluble solid in
strawberry fruits in our results .
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3-Potassium content :

Table (5) showed that our results
concerning potassium content did not
influence by the three irrigation intervals in
the two tested seasons. These result are in
harmony with Jensen (2011)and
disagreement with those obtained by El-
Sayed et. al.,. (2015) on strawberry. As
respect to the effect of spraying

of K resulted from both of potassium silicate
and kaolin application in the two seasons .
The highest values of K content were
obtained from the interaction between
plants irrigated each two and four days and
foliar application of potassium silicate. The
highest K concentration might be the
reasons of the highest early and total yield
from this treatments( Wang and Galletta

antitranspirants ,the highest concentration 1996 ) on strawberry.

Table (5): Effect of Irrigation intervals, some antitranspirants and their interactions on K
and Ca % in strawberry leaves during the two growing seasons of 2013/2014
and 2014/2015

Character K content (%) Ca content( %)
Irrigation intervals
1 Py I3 Mean 1 Py I3 Mean
Treatments
2013-2014

Control 1127 f 0.847i 0.5817j 0.8518B 1.055abcd 0.8270ghi 0.7437i 0.8752C
P.S. 1.509ab  1.089 fgh 1.479b 1.359 A 0.8507 fghi 0.9687 cdef 0.8133 ghi 0.8776 C
S.S. 1548 a 1.065 gh 1.048 h 1.221 AB 0.8203 ghiu 1.053 abcd 0.7650 hi  0.8796 C
C.C. 1.376 ¢ 1.058 gh 1.098 fg 1.177 AB 1.133ab 1.031abcd 1.155a 1.106 A
M.C. 1.131f 1.208 e 0.8033i 1.048 AB 1.061abc 0.8947efgh 0.8417 fghi 0.9326 C
A.S. 1.392¢c 1.282d 1.292d 1.322A 1.019bcde 1.113ab 0.9293 defg 1.021B
Mean 1.347 A 1.092 A 1.050 A 0.9899 A 0.9813 A 0.8747 A

2014-2015

Control  0.8300 hij 0.8400 hij 0.6207j 0.7636 D 1.011bc 0.8193efg 0.7627g 0.8644C
P.S. 1.482ab 0.9980 efgh 1.553 a 1344 A 0.7940fg 0.9217 cdef 0.7817g 0.8643C
S.S. 1.377abc  0.72401ij 0.9693FGHI 1.023BC 0.8023fg 1.029abc 0.7620g 0.8324C
C.C. 1.337 abc 0.9057 ghi 1.131 cdefg 1.125 ABC 1.021 abc 0.9663 bcd 1.149 a 1.046 A
M.C.  1.008 defgh 1.191 cdef 0.8130hij 1.004C  1.044 abc 0.8797 defg 0.8153 efg 0.9130 B
A.S. 1.244 bcde 1.261bcd 1.249 bcde 1.251AB 1.036abc 1.064 ab 0.9380 bcde 1.013 A
Mean 1213 A 0.9867 A 1.056 A 0.9514 A 0.9466 A 0.8681 A

I1-Two days interval |- three days interval I3- four days interval

P.S.- Potassium silicate S.S.- Sodium silicate C.C.- Calcium carbonate M.C.--Magnesium carbonate A.S -
aluminum silicate

(Kaolin)Values within the column or rows followed by the same capital or small letter /s do not
significantly differ from each other according to Duncan 's multiple range test at 5 % level
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4-Calcium content:

Table (5) indicates that the effect of
irrigation intervals on the Ca concentration
has non significant influence in the two
tested seasons Our results agree with
(Jensen 2011) on strawberry. Concerning of
the antitranspirants, results indicates that
spraying of both calcium carbonate and
kaolin resulted in a significant increase in Ca
concentration in the two tested seasons.
Results are in harmony with Morley et. al.,
(1993) and de Kreij (1999). It was noticed

from Table (5) that irrigation each two days
gave the highest Ca concentration in the two
seasons. These treatments resulted in the
highest values of fruit firmness in our study .

5-Silicon content :

Table (6) shows that the increase in
irrigation interval from 2 to 4 days led to a
significant decrease of Si concentration in
strawberry leaves in the first season only.
On the other hand , three irrigation intervals
had no significant effect on Si concentration.

Table (6): Effect of Irrigation intervals, some antitranspirants and heir interactions on Mg
% and Si ppm in strawberry leaves during the two growing seasons of

2013/2014 and 2014/2015

Character Si content (ppm) Mg content (%)
Irrigation intervals
P} I3 Mean I P I3 Mean
Treatments
2013-2014

Control 1.191efgh 0.9307fgh  0.8310 hi 9841 D 6.283cde 5.598 efg 3.328 h 5.070 B
P.S. 2.149b 1.946 b 1.278def 1.791B 7.471bc 6.881bcd 6.144 def 6.832 A
S.S. 1.982Db 2.762 a 1.218defg 1.987 A 6.124 def 7.224 bcd 5.055 fg 6.134 AB
C.C. 1.355de 1.829bc 0.8930ghi 1.359C 9.335a  7.079 bcd 4.723 ¢ 7.046 A
M.C. 1559 cd 1.031 efgh 0.5283 i 1.039D 9.355a 6.692bcde  4.703¢g 6.917 A
A.S. 2.031b 2145 b 1.295 def 1.824AB 7.838b 6.506 cde 6.802bcde  7.049 A
Mean 1711 A 1.774 A 1.007 B 7.734 A 6.663 AB 5126 B

2014-2015

Control  0.8627 ghi  0.922 fghi 0.825hi  0.8699C 4.911 ghij 5.707 efghi 3.225k 4614 B
P.S. 1.413 cde 1.764 b 1.235defg 1.471 AB 6.455 cdef 5.811 defgh 5.650 efghi 5.972 A
S.S. 1.739¢c 2.639a 1.103 efgh 1.827 A 5.88ldefg 7.152bc  5.403fghij 6.145A
C.C. 1.098 efgh 1.764c 1.235defg 1.230 BC 7.685b 6.857 bcd 4.644 ijj 6.395 A
M.C. 1.555cd 1.709c 0.548i 1.050 C 9.112 a 6.566 cde 4532 6.737 A
A.S. 1.699c 1.046 efgh  1.307 def  1.729 A 7.501bc  6.427 cdef 4.732 hijj 6.220 A
Mean 1.394 A 1.710 A 0.9837 A 6.924 A 6.420 A 4.698 A

I1-Two days interval ;- three days interval |3- four days interval
P.S.- Potassium silicate S.S.- Sodium silicate C.C.- Calcium carbonate M.C.--Magnesium carbonate A.S -
aluminum silicate (Kaolin)Values within the column or rows followed by the same capital or small letter /s
do not significantly differ from each other according to Duncan 's multiple range test at 5 % level
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Regarding to the effect of antitranspirants
obtained data in Table (6) revealed that a
significant increase obviously noticed in the
Si concentration with the application of each
of potassium , aluminum and sodium silicate
in the two tested seasons. These treatments
could be caused the increase of fruit yield
compared to the control. Such results were
obtained by Yasuto and Takahashi (1986)

With respect to the interaction, It is
evident from results in Table (6) that the
highest Si concentration increased with
irrigation every 3 days with spraying sodium
silicate followed by potassium silicate .

6- Magnesium content:

Table (6) revealed the effect of irrigation
intervals on Mg concentration it was noticed
that the highest values of Mg concentration
was recorded from irrigated plants each two
days .with no significant differences with
irrigation each three days plants in the first
season.While in the second season there
were no significant differences noticed
among the three irrigation intervals on Mg
concentration. Application of all
antitranspirants has a significant effect as
Table (6) illustrates compared with control.
The effect of interaction between irrigation
periods and antitranspirants, obviously
noticed that when decreasing irrigation
intervals to 2 days and spraying MgCO5 and
CaCO; this caused the highest Mg
concentration.

7-Sodium content:

Data in Table (7) clearly indicate that
increasing the irrigation interval from two
days to three or four days led to a significant
decrease in the Na concentration in the first
season . However, in the second season no
significant differences were noticed between
2and 3days irrigation intervals .Such results
were obtained by Jensen (2011) on
strawberry.
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As respect of the effect of
antitranspirants on Na concentration ,results
in Table (7) indicated that spraying with
sodium silicate which is significantly superior
over the other antitranspirants treatments in
the two tested seasons.Same results were
obtained by (Wang and Galletta 1996) on
strawberry .Also it was noticed that from
Table (7) the interaction between irrigation
every 2 or 3 days with application of sodium
silicate gave the highest values of Na
concentration in two seasons of study .

8-Iron content:

Table (7) illustrates the effect of irrigation
periods on Fe concentration. It was clear
that irrigation each two or three days
recorded the highest Fe concentration in the
first season. In addition, there were no
significant differences between irrigation
each two or three days compared to the
irrigation each four days in the second
season. Similar findings were reported by
Ezzat et al (2009) on potato. With respect to
the influence of antitranspirants treatments it
is clear from Table (7) that spraying of kaolin
resulted in a significant increase in Fe
concentration in both seasons.

Moreover , the irrigation each three days
and spraying of kaolin is the best interaction
treatment which led to a significant increase
in the Fe concentration in strawberry foliage
dry weight .

9 -Manganese content :

Results presented in Table (8) show that
the highest Mn concentration was resulted
from irrigation each four days and
significantly decreased under two or three
days without significant differences in the
two tested seasons . These results are not
in agreement with those of Ezzat et al.
(2009)they mentioned that the uptake of
microelements was decreased with the
reduction of water requriments on potato
tubers. Data in Table (8) reveal that foliar
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application of only potassium silicate
increased the Mn concentration in the first
season and it did not significantly differ with
sodium silicate , calcium carbonate and

kaolin .As for the interaction effect on Mn
concentration treatment with potassium
silicate under water stress (irrigation each
four days ) recorded the highest value .

Table (7): Effect of irrigation intervals, some antitranspirants and their interactions on Na
and Fe in strawberry leaves during the two growing seasons of 2013/2014 and

2014/2015
Na content( ppm) Fe content( ppm)
Character Irrigation intervals
I P} I3 Mean I P} I3 Mean
Treatments
2013-2014

Control 0.5567 b 0.01133c 0.07333c¢c 0.2478 B 1.240 bcd 0.7080 fgh 0.8450 efgh 0.9310 C
P.S. 0.1767 ¢ 0.1033c¢c 0.04000c 0.1067C 1.360b 0.9990 def 0.6650 gh 1.008 BC
S.S. 0.8367 a 0.7500 ab 0.1033c¢ 0.5633 A 1.023cdef 1.427b 0.9307 defg 1.127B
C.C. 0.0600 ¢ 0.02000 c 0.02000c 0.03333 D 0.8880efg 1.333bc  0.5380h 0.9196 C
M.C. 0.0433c¢ 0.1267 ¢ 0.03000c 0.06667 CD 1.384b 1.210bcd 0.6143gh 1.069 BC
A.S. 0.0400c 0.1267 ¢ 0.02000c 0.06222D 1.209bcd 1.780a 1.033 cde 1.341A
Mean 0.2856 A 0.2067 B 0.04778 C 1.184 A 1.243 A 0.7710 B

2014-2015

Control 0.3733 abc 0.1110c¢ 0.07067 ¢ 0.1850B 1.166cde 0.5727 j 0.6053ij 0.7814D
P.S. 0.1767 bc  0.0983 ¢ 0.03187 ¢ 0.1023BC 1.162 cdef 0.8860 efghi 0.6940 hij 0.9139 CD
S.S. 0.7833a 0.7467 ab 0.1007c 0.5436 A 1.082def 1.379bc 0.7870ghij 1.083B
C.C. 0.06100 ¢ 0.0187 ¢ 0.01950 ¢ 00.3306 C 0.8737 fghi 0.981 defgh 0.7613 ghij 0.8719 D
M.C. 0.05600 ¢ 0.1117 ¢ 0.02440c 0.06402C 1.475ab 1.020defg 0.6237ij 1.040BC
AS. 0.03467 ¢ 0.1180c 0.01483 ¢ 0.05583 C 1.262 bcd 1.75a 0.979defgh 1.331A
Mean 0.2475 A 0.2007 A 0.04366 B 1.170 A 1.098 AB 0.7417B

11.-Two days interval 1,- three days interval |3- four days interval

P.S.- Potassium silicate S.S.- Sodium silicate C.C.- Calcium carbonate M.C.—Magnesium carbonate A.S
- aluminum silicate (Kaolin)Values within the column or rows followed by the same capital or small letter
/s do not significantly differ from each other according to Duncan 's multiple range test at 5 % level
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Table (8): Effect of Irrigation intervals, some antitranspirants and their interactions on Mn
and Zn in strawberry leaves during the two growing seasons of 2013/2014 and

2014/2015
Mn content (ppm) Zn content( ppm)
Character Irrigation intervals
I I2 I3 Mean l1 I2 I3 Mean
Treatments
2013-2014
Control  0.123fg 0.1160g 0.1140g 0.1177 D 0.05100ab 0.03733b 0.04933ab 0.04589 A
P.S. 0.142 def 0.1503d 0.2100a 0.1673 A 0.06400 a 0.0 6133ab 0.06500 a 0.06344 A
S.S. 0.140 def 0.1397 def 0.1777b 0.1526 B 0.0 6100 ab 0.05700ab 0.06300 a 0.0 60.3 A
C.C. 0.1493 de 0.1283fg 0.1743 bc 0.1507 B 0.05800 ab 0.04700ab 0.0 6267 a 0.05589 A
M.C. 0.116 g 0.1293 efg 0. 1570 cd 0.1342 C 0.0 4600 ab 0.0 6067ab 0.0 6367 a 0.0 5678 A
AS. 0.115g 0.1500d 0.1430 def 0.1361 C 0.04833 ab 0.05433ab 0.06900 a 0.05722 A
Mean 0.131B 0.1356B 0.1627A 0.05472 A 0.05294 A 0.06211 A
2014-2015
Control 0.1223defg 0.102gh 0.114efg 0.113C 0.04900 efg 0.03633 h 0.0 5167ef 0.04567 E
P.S. 0.139 cdef 0.072h 0.211a 0.147 A 0.0 5533cde 0.06033bcd 0.06300ab 0.05956 AB
S.S. 0.127defg 0.128defg 0.185ab 0.141 AB 0.06167abc 0.05533cde 0.06233ab 0.05978 A
C.C. 0.129 defg 0.126defg 0.172bc 0.142 AB 0.0 5533cde 0.0 4367 g 0.06500ab 0.05189 D
M.C. 0.110fg 0.117 efg 0.154 bcd 0.127 BC 0.04700 fg 0.05000efg 0.0 6300ab 0.05300CD
AS. 0.115 efg 0.146 cde 0.136def 0.132 AB 0.0 4667 fg 0.05400de 0.0 6800a 0.05622BC
Mean 0.124 AB 0.115B 0.161 A 0.05094 AB 0.04994 B 0.06217 A

I1-Two days interval |- three days interval |3- four days interval
P.S.- Potassium silicate S.S.- Sodium silicate C.C.- Calcium carbonate M.C.--Magnesium carbonate A.S -

aluminum silicate

(Kaolin)Values within the column or rows followed by the same capital or small Itter /s do not significantly
differ from each other according to Duncan 's multiple range test at 5 % level

10-Zinc content:

Data in Table (8) clearly indicate using
the three irrigation intervals under study on
Zn concentration. These results are not in
agreement with those of Ezzat et. al., (2009)
on potato. It is obvious from results in Table
(8) that all antitranspirants as well as the
untreated plants in the first season did not
reflect any significant effect on Zn
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concentration. On the other hand, foliar
application of antitranspirants had a
significant differences on Zn concentration in
the second season.

Interactions between all the
antitranspirants and irrigate plants each four
days had the highest values of Zn
concentration in the two tested seasons.
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Water use efficiency (WUE):

Data presented in Table ( 9 ) indicate that
the values of WUE increased with
decreasing frequent irrigation in both
seasons. The present data imply that high
soil moisture increased the amount of water
required to produce the unit value of yield.
Treatments with higher amount of seasonal
consumptive use of water had generally
lower WUE values. Cabello et. al.,, (2009)
and Zeng et. al., (2009) came to similar
trends. The increased WUE by
antitranspirants has been also reported by
Bafeel and Moftah (2008) on eggplant. The
relative increases in total yield were about
2731 and 2560 m3 water/fad., as compared
to treatment in the 1st and 2nd seasons,
respectively. These result were found to
agree with those reported by Kirnak et.al.,
(2003) and Linnemannstons et. al., (2013)
on strawberry.

Respecting WUE, the highest was
recorded ( 6.34 and 6.27 Kg/m3 water in the
first and second seasons, respectively) were
obtained when strawberry plants were
irrigated with the lowest rate of water. The
increase in total yield might be due to the
increase in average fruit weight. Also, this
might be due to the favorable effect of
higher amounts of irrigation water on
vegetative growth photosynthetic pigments
and nutrient uptake.

Saving amount of water were 40 % from
four days : two days, 25 % from four days
‘three days and 20 % from three days
two days which increased productivity per
unit of water 17.87 % , 6.29 % and 10.9%
in the first season and 17.13,8.29 and 8.17
% in the second season, respectively.

Table (9): Effect of Irrigation intervals and some antitranspirants on water utilization

efficiency (kg /m3)

during the two growing seasons of 2013/2014 and

2014/2015
Character water use efficiency (kg /m3)
Irrigation intervals
Treatments I I, I3 Mean
2013/2014
Control 5.08 3.52 3.29 3.96
P.S. 5.46 6.37 6.74 6.19
S.S. 5.05 6.17 6.56 5.92
C.C. 5.55 6.68 7.03 6.42
M.C. 5.59 6.56 7.14 6.43
A.S. 5.54 6.48 7.26 6.43
Mean 5.38 5.96 6.34 5.89
2014/2015

Control 5.14 2.66 2.99 3.60
P.S. 5.13 6.45 6.72 6.10
S.S. 5.15 6.34 6.51 6.00
C.C. 5.32 6.79 6.67 6.26
M.C. 5.68 6.35 7.22 6.42
A.S. 5.70 6.15 7.51 6.45
Mean 5.35 5.79 6.27 5.81

I1.-Two days interval |- three days interval 13- four days interval Control P.S.- Potassium silicate S.S.-
Sodium silicate C.C.- Calcium carbonate M.C.--Magnesium carbonate A.S - aluminum silicate (Kaolin )
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Sccaning electron
(SEM) of stomata

Stomatal control is the first and most
important step in response to drought
Hanson and Hitz, (1982). Sccaning electron
microscopy (SEM) stomatal analysis
behavior and morphology confirmed that the
control leaves had mostly open stomata Fig
(1) therefore , an increasing in respiration
and water loss resulted in significantly
decreases in yield, this results are in
harmony with Farooq et. al., (2009) ,Cornic,
(2000) and Abdel-Monnem, (2015) .

microscopy

On the other hand ,foliar spraying of any
of the antitranspirants under study had
mostly closed or partially -closed stomata
therefore, all of antitranspirants induced
closure of plant's stomata resulting in allows
plant respiration but reduces transpiration
that may be reduced by the application of
chemical compounds that increase leaf
resistance to diffusion of water (Anderson
and Kreith1978 and Lipe and Wendt, 2008).
Our results are Similar to Lolicato,( 2011).
However, antitranspirants differed among
themselves in their influencing on the
stomatal aperture .Also , figs (2 to 6)
showed the gradually response to opening
or closing the guard cells depending on the
antitranspirants material used whereas,
sodium silicate ,kaolin , potassium silicate,
ranked the first treatments followed by
magnesium  carbonate and  calcium
carbonate, respectively. With respect to
potassium silicate , leaves treated had
mostly partially closed stomata that may be

due to the potassium which play an
important role in regulative the osmotic
potential in the guard cells Fisher,(1971). In
addition ,kaolin treated leaves showed the
highest stomata density, swollen cells and
partially closed stomata .kaolin could
enhance cuticle transpiration not from via
stomata as found by Nakano (1996) on
tomato and Lipe and Wendt (2008).

It could be concluded that
antitranspirants conserve the water of plant
from lost to the atmosphere through
transpiration and they had a potential for
reducing transpiration water loss without
significantly reducing photosynthetic rate of
carbon dioxide in the mesophyll, as reported
to (Brown and Rosenberg, 1973 and
Lolicato, 2011).

The Size of stomata and guard cell
varied from the antitranspirants treatments
so dimensions of width may vary according
to the stomata aperture (Wilmer and Pricker,
1996). Table (10) and figs (3) and (4)
indicate that the lowest stomata width (um)
were obtained from the Potassium silicate,
Kaolin and Sodium silicate respectively. In
addition kaolin treatment resulted in the
lowest Stomata length( um) and increased in
stomata number. In regard to kaolin, our
results are in harmony with (Segura et. al.,
(2015). Also, such results are similar to with
(Srinivasa, 1986)who found that Kaolin
caused in 20-33 % of stomata closed in
different tomato cultivars.

Table (10) :Effect of the antitranspirants on the stomata size ( um).

Treatments Stomata width Stomata length
(um) (pm)
Control 5.10 10.7
Sodium silicate 4.09 12.2
Aluminum silicate 3.60 8.69
Potassium silicate 3.44 12.1
Magnesium carbonate 5.35 10.5
Calcium carbonate 5.17 10.1
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Fig (1 )Control Fig (2 )Sodium silicate

Fig @ )Potassium silicate

Fig (s )Magnesium carbonate Fig )Calcium carbonate
Figures (1 to 6) of Scanning Electron Microscope images of strawberry leaves shown

each representative of five specimens of 2cm from different parts of strawberry leaf for
each specimen, 20 fields of view were examined Bar is 10 (um).
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