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ABSTRACT

The effect of different concentrations of ascor-
bate (As) at 0, 0.25, 0.5 and 1.0 mM, salicylate
(Sa) at 0, 0.25, 0.5 and 1.0 mM , in addition to sili-
cate (Si) at 0, 100, 250, and 500 ppm on potato
plant subjected to different water regimes; three
days interval (control), four days interval (4DI) and
five days interval (5DI). Photosynthetic pigments,
free proline and malonyldialdehyde (MDA) concen-
trations, and plant dry matter percentage were
determined. Also, tuber yield was recorded and the
percentage of tuber dry matter was determined.

Water deficit resulted in significant reduction in
tuber yield, plant dry matter percentage beside
significant increase in free proline and MDA con-
tents. Meanwhile, effects on photosynthetic pig-
ments content and tuber dry matter were incon-
sistent. The effects of using different concentra-
tions of ascorbate (As) under water deficit provide
a superior effect of As at 0.25 mM. Data revealed
that ascorbate treatment enhanced tuber yield by
improved Chl (a and b) and carotenoids content,
with a promoted reduction in free proline content
and MDA.

Salicylate (Sa) treatment under water deficit
exhibited partial enhancement in photosynthetic
pigments; where, Sa (1.0 mM) increased Chl a
under all water regimes and Chl b at control and
4DI water regimes. While Sa (0.5 mM) improved
carotenoids content at 5Dl water regimes. The
positive effect of salicylate on tuber yield was obvi-
ous only at 5DI water regime; as salicylate concen-
trations (0.25, 0.5 and 1.0 mM) enhanced tuber
yield by 65.61, 21.8 and 33.33%. Data exhibited
that these increments were concomitant with a

reduction in free proline content and a slight in-
crease in tuber dry matter.

Interactive effects of Silicate (Si)/water deficit
were variable with the concentration under the
used water deficit regimes, where, Si (100 ppm),
showed higher means of Chl (a and b) with a re-
duction in free proline contents, at both 4Dl and
5DI. The higher tuber yield resulted only at 5DI.
More pronounced effect, Si (250 ppm) exhibited
increment of photosynthetic pigments, plant dry
matter, tuber yield, along with slight reduction in
MDA, particularly at 5DI. It could be concluded that
silicate treatment alleviated water stress by improv-
ing carotenoids content, plant dry matter and re-
ducing both free proline and MDA contents, which
attributes enhancement in tuber yield under water
deficit. Generally, lower concentrations of As, Sa
and Si showed their benefits under higher water
stress regimes.

Key words: malonyldialdehyde, photosynthetic
pigments, proline, Solanum tuberosum, tuber yield.

INTRODUCTION

Among abiotic stress factors, drought is the
most critical threat facing agriculture sector. Also, it
is exacerbating the effect of other stresses to
which plants are subjected (abiotic or biotic) (Cruz
de Carvalho, 2008). For rapidly increasing popula-
tion and limitation of water resources, minimizing
effects of drought is indispensable. Currently, there
are no economically viable technological means to
facilitate crop production under drought stress.
Development of crops for enhanced drought re-
sistance requires the knowledge of biochemical
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and physiological mechanisms of the contributing
traits.

Drought stress results in oxidative damage to
the cell biological molecules due to the over-
production of reactive oxygen species (ROS). ROS
can oxidize multiple cellular components like pro-
teins and lipids, DNA and RNA. Unrestricted oxida-
tion of cellular components ultimately causes cell
death (Cruz de Carvalho, 2008).

Ascorbic acid (As) is an antioxidant molecule
and a key substrate for the detoxification of ROS
(Foyer and Noctor, 2011). Physiologically active
form of As is the resonance stabilized anionic form,
which is termed as ascorbate. Exogenous applica-
tion of As can protect lipids and proteins against
drought-induced oxidative adversaries (Naz et al
2016). Ascorbic acid could improve tolerance
against abiotic stresses by enhancing plant growth,
rate of photosynthesis and photosynthetic pig-
ments, transpiration, and oxidative defense poten-
tial. It is reported that ascorbate can effectively
regulate anti-oxidative metabolism in plants (Noc-
tor et al 2014). Also, endogenous As levels could
be improved by exogenous application of As (Ath-
ar et al 2008).

Salicylic acid (Sa) is a naturally occurring as
phenolic compound and endogenously synthe-
sized as signaling molecule in plants. Salicylic acid
role in competing various biotic and abiotic stress-
es was reported, however, the basic biochemical,
physiological and molecular mechanisms that po-
tentially underpin, Sa-induced plant-tolerance to
abiotic stresses remains least discussed (Khan et
al 2015). Salicylic acid regulates important plant
physiological processes such as photosynthesis,
nitrogen metabolism, proline metabolism, antioxi-
dant defense system, and plant-water relations,
with concomitant protection in plants against abiot-
ic stresses (Khan et al 2012).

Silicon (Si) is the second most abundant ele-
ment in the Earth’s crust (Ma and Yamaji 2006). It
is used to improve plant abiotic/biotic stress toler-
ance (Zhu and Gong, 2014). Previous studies

have been concentrating on Si’s role in Si accumu-
lator plants, while little information is available on
its role in Si non-accumulator plants (Shi et al
2016). Alleviation of drought stress by silicon sup-
plementation was observed in tomato (Silva et al
2012).

This study aimed to evaluate the influences of
As, Sa and Si on potato plant (Solanum tuberosum
L. cv. Spunta) grown under water deficit regimes in
Al-Qantra Sharqg, Sahl-Eltina, North Sinai Gover-
norate.

MATERIALS AND METHODS

An open field trial was conducted in a private
farm located in Al Qantra Sharq, Sahl-Eltina, North
Sinai Governorate during 2014 winter season to
study the role of ascorbate, salicylate and silicate
in ameliorating drought stress in potato plant (So-
lanum tuberosum L. cv. Spunta).

Field was prepared using conventional practic-
es recommended for potato production. Potato (cv.
Spunta) tubers were cut and sown in furrows in
November, 2014. Sprinkler irrigation system was
used for watering the experiment and water deficit
regimes were achieved through withholding irriga-
tion, i.e. three days interval (control), four days
interval (4Dl), and five days interval (5DI).

Forty days-old potato plants were sprayed with
ascorbate (As) at (0, 0.25, 0.5 and 1.0 mM), salicy-
late (Sa) at (0, 0.25, 0.5 and 1.0 mM) , and silicate
(Si) at (100, 250, and 500 ppm) in forms of potas-
sium salts Concept protect consisting of 21% sol-
uble silicate and 12.4% potassium oxide was used
as a source of silicate.

Plant samples were collected 15 days after ex-
ogenously applying the treatments. Potato leaves
from several plants (6 plants/ replicate) collected
and kept in -80°C until the time of analysis. Also,
soil and water used in irrigation were sampled and
analyzed for physicochemical properties as shown
in Table 1.

Table 1. Physicochemical properties of soil and water of Sahl-Eltina

2

EC Na" | K* ca” | Mmg? |cos? |HCOos |cCI SOs
Sample | pH 1

dSm m-equivalents /liter
Soil 8.38 1.27 7.20 0.50 2.73 2.23 - 2.16 5.8 4.7
Water 7.62 1.71 8.79 0.82 5.17 2.35 2.35 0.94 8.93 491

Data represent the means of three replicates.
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At harvesting time, potato tubers collected
when the soil was wet to easily pick it out. The
tubers weighed, washed, sliced, dried and weighed
again for tuber dry matter percentage Photosyn-
thetic pigments were measured according to the
methodology of Warren, (2008). Free proline and
malondialdehyde (MDA) contents were determined
spectrophotometrically according to the method of
Zhang and Huang (2013).

Experimental design and statistical analysis

Cultivated area was divided into three main
plots representing the applied water regimes and
sub-plots containing the foliar application treat-
ments. Treatments were represented in three repli-
cates (twelve plants/replicate). Values of the rec-
orded and measured traits were statistically ana-
lyzed as full factorial design in three replicates and
subjected to analysis of variance (ANOVA) using
IBM SPSS® Statistics 19 software package. Means
were compared in CoStat version 6.400, CoHort
Software using Duncan’s multiple range test at
p=<0.05 (Duncan, 1955).

RESULTS AND DISCUSSION

Effect of applied treatments under studied
stress on photosynthetic pigments

Chlorophyll content usually decreases in plant
exposed to environmental stresse (Ahmad et al
2007 and Saleem et al 2011). Rate of photosyn-
thesis affected adversely due to inactivation of
chlorophyll, an increase in transcripts encoding
enzymes involved in chlorophyll degradation (chlo-
rophyllase, pheophorbide a oxygenase) (Amirjani
and Mahdiyeh, 2013). Non-enzymatic antioxidants
particularly ascorbic acid scavenges ROS and re-
stricts chlorophyll degradation under stress condi-
tions (Ashraf, 2009). Also, Hemavathi et al (2009)
demonstrated the  over-expression of D-
galacturonic acid reductase GalUR gene in potato
lines enhanced endogenous (As) which contribut-
ed to mitigation to drought stress compared to un-
transformed lines.

Table (2), illustrates water deficit, ascorbate
and their interaction. Data showed no significant
differences among means of Chl (a) and (b) con-
tent. Meanwhile, ascorbate (0.25 mM) showed the
highest value compared with other concentration at
both 4Dl and 5DI water regimes. Results are in

agree with Zonouri et al (2014) who found that,
the use of ascorbate had no significant effect on
Chl a and Chl b under drought condition. However,
Naz et al (2016) found that foliar application of
ascorbic acid in cucumber enhanced chlorophyll
(a) content with no change in chlorophyll (b) con-
tent under water stress.

In salicylate-treated group, water deficit signifi-
cantly reduced Chl a and b content. These results
are in harmony with Mafakheri et al (2010),
Changhai et al (2010) and Shan et al (2012), they
suggested that the decrease in Chl content under
drought stress may be the result of pigment degra-
dation and photo-oxidation. The main effect of sa-
licylate treatment was not statistically significant,
while Sa (1.0 mM) slightly increased Chl a content
by 11.85% compared to control. However, the wa-
ter deficit-salicylate interaction showed that, the
highest value was recorded by Sa (1.0 mM), at the
control water regime (0.935 mg/g f.w.), and the
same concentration Sa (1.0 mM) enhanced mean
Chl a content at 4Dl and 5DI, compared with con-
trol one and other concentrations. Results are in
partial agreement with positive effects of salicylic
acid on Chl a content in Brassica napus (Ghai et
al 2002) and in barely (El-Tayeb 2005).

Similarly, effect of salicylate on Chl b was not
associated with significant differences, while Sa
(2.0 mM) showed a slight increment of Chl b com-
pared with control and other concentrations. Chlo-
rophyll content is considered as an important indi-
cator of plant productivity, because it is directly
related to the photosynthetic rate of plants for bio-
mass production (Wang and Huang, 2004)

The interactive effects between water deficit
and salicylate treatment showed that, at control
level, Sa (at 0.25, 0.5, and 1.0 mM) increased Chl
b content by 10.75, 7.95 and 36.86%, respectively,
while at 4Dl level, Chl b content increased by 18.7
and 14.2% respectively when Sa (0.25 and 1.0
mM) were used,. These results agree with Arfan et
al (2007) on wheat; Yildirim et al (2008) on cu-
cumber.

Concerning silicate application, main effects of
water deficit and silicate treatment showed no sig-
nificant differences on both Chl a and b contents
(Table 2). The interaction between water deficit
and silicate treatment on Chl a showed that, differ-
ent concentration of silicate shared the same rank
under the studied water regimes, while application
of silicate (100, 250 and 500 ppm) tended to en-
hance Chl a by 10.45, 7.93 and 6.71%, respective-
ly at 5DI water regime, compared to control one.
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Table 2. Chlorophyll a and b (ug/g f.w.) mean contents in potato leaves as affected by exogenous
treatment of ascorbate (0, 0.25, 0.5, and 1.0 mM), salicylate (0, 0.25, 0.5 and 1.0 mM), and silicate
(0, 100, 250 and 500 ppm) under water deficit regimes; i.e. three days interval (control) , four days
interval (4Dl), and five days interval (5DI) and their interaction.

Exogenous Concentration Water regime
Treatment Control 4DI 5DI Mean
Chlorophyll a (mg/g f.w.)
0.0 mM 0.7612 0.7382 0.728° 0.742%
0.25 mM 0.669° 0.756° 0.7042 0.71%
Ascorbate 0.5mM 0.6862 0.75% 0.696° 0.711%
1.0 mM 0.675° 0.6672 0.6672 0.67"%
Mean 0.698" 0.728"° 0.699 "
0.0 mM 0.761% 0.738% 0.728% 0.742%
0.25 mM 0.808% 0.79% 0.618"° 0.738%
Salicylate 0.5 mM 0.762% 0.692° 0.698"° 0.718"*
1.0 mM 0.935° 0.822% 0.732% 0.83"%
Mean 0.816" 0.761"° 0.694°
0.0 ppm 0.784%° 0.746° 0.7232 0.751"*
100 ppm 0.796° 0.8122 0.7982 0.802"
Silicate 250 ppm 0.8212 0.6742 0.78° 0.758"
500 ppm 0.663° 0.711° 0.771° 0.715"
Mean 0.766" 0.736" 0.768"
Chlorophyll b (mg/g f.w)
0.0 mM 0.476 2 0.4462 0.4642 0.462"
0.25 mM 0.4072 0.4722 0.4522 0.444%
Ascorbate 0.5mM 0.427° 0.4882 0.4352 0.45%
1.0 mM 0.439° 0.4032 0.4042 0.415"
Mean 0.437" 0.452"° 0.439"
0.0mM 0.476%° 0.446° 0.464° 0.462"
0.25 mM 0.527% 0.529% 0.398"° 0.485%
Salicylate 0.5 mM 0.514% 0.447° 0.457° 0.473*
1.0 mM 0.651° 0.509 % 0.45° 0.537%
Mean 0.542" 0.483"° 0.442°
0.0 ppm 0.519° 0.393% 0.45° 0.454"
100 ppm 0.511°2 0.5142 0.5392 0.521%
Silicate 250 ppm 0.536° 0.373% 0.532° 0.481"
500 ppm 0.417° 0.455% 0.498% 0.457"
Mean 0.496" 0.434" 0.505"

Data represent the means of three replicates. Values followed by different letters in a column or in Mean row are
significantly different, while the same letters are not different at p<0.05 by Duncan’s multiple range test

The interaction between water deficit and sili-
cate treatment on Chl b showed a same trend.
However, silicate (100 and 500 ppm treatments)
improved Chl b by 30.85 and 15.97 % respectively
compared to control with 4DI water regime. Mean-
while, at 5DI water regime, application of silicate
(200, 250 and 500 ppm) improved Chl b by 19.58,

18.15 and 10.64% respectively compared to con-
trol one.

Silicon increased the level of chlorophyll (a)
under the water-deficient tomato cultivars, indicat-
ing the synthesis of new pigments and the mainte-
nance of previously existing chlorophyll (a) (Silva
et al 2012).
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Effect of applied treatments under studied
stress on Carotenoids

Carotenoids have essential role in photosyn-
thesis and photo-protection, besides their structur-
al roles, they are well-known for their non-
enzymatic antioxidant activity by quenching free
radicals, inhibiting lipid peroxidation, and stabilizing
membranes (Cruz de Carvalho, 2008 and Farooq

et al 2009), in addition to their nutritional value for
potato plant (Payyavula, 2012). In our study, re-
garding ascorbate-treated group, main effect of
water deficit and ascorbate treatment on carote-
noids content illustrated in Table (3). Data cleared
no markedly changes. However, carotenoids con-
tent tended to increase with increasing water
stress.

Table 3. Carotenoids (ug/g f.w.) mean contents in potato leaves as affected by exogenous treat-
ment of ascorbate (0, 0.25, 0.5, and 1.0 mM), salicylate (0, 0.25, 0.5 and 1.0 mM), and silicate (0,
100, 250 and 500ppm) under water deficit regimes; i.e. three days interval (control) , four days in-
terval (4Dl), and five days interval (5DI) and their interaction.

L . Water regime
Exogenous application Concentration Control DI DI Nean

0.0 mM 66.534® 53.688%® 58.434% 595527
0.25 mM 48.074%®  72.372%® 58.848%* 59.764%
Ascorbate 0.5 mM 39.302° 55.846%® 50.619%" 48.589"
1.0 mM 40.021°  46.456%  46.625%® 44.367"

Mean 48.483" 57.000" 53.631%
0.0 mM 66.534% 53.688™° 58.434® 59.552"
0.25 mM 53.797%°  30.329°  33.833"° 39.320°
Salicylate 0.5 mM 46.261%°  62.841°  60.405° 56.502"
1.0 mM 57.984%°  20.038°  48.372%° 45431

Mean 56.144%  44.199"  50.261"
0.0 ppm 60.663"  56.224° 69.233%° 62.040"
100 ppm 75.921%°  60.584° 66.435%° 67.647"
Silicate 250 ppm 55.529 ¢ 53.889° 85.131% 64.850"
500 ppm 53.054¢ 62.982° 55.923° 57.320"

Mean 61.292"%  58.420°% 69.180"

Data represent the means of three replicates. Values followed by different letters in a column or in Mean row are
significantly different, while the same letters are not different at p<0.05 by Duncan’s multiple range test.

The interaction between water deficit and
ascorbate treatment showed the highest carote-
noids content by 72.37 mg/g (f.w.) at As (0.25 mM)
by 34.8% increment, compared to control, at 4DI
water level.

Hanci and Cebeci (2014) reported that, at
drought conditions, carotenoids content in two on-
ion cultivars were decreased and the reduction
may be due to over production and accumulation
of ROS under severe drought stress.

Concerning salicylate -treated group, the effect
of water reduction on carotenoids did not recorded
significant differences among the levels of water
regime. However, the effect of salicylate was sig-
nificant regarding this trait. The interaction be-
tween salicylate treatment and water deficit result-
ed in, at control water regime, all salicylate concen-
tration tended to reduce the carotenoids content
but with no significant change. At 4Dl water re-
gime, Sa (1.0 mM) recorded the lowest carotenoids

content (29.93 mg/g f.w.), however Sa (0.5 mM)
recorded the highest carotenoids content (62.84
mg/g f.w.). Similarly, Sa (0.5 mM) recorded the
highest carotenoids content (60.4 mg/g f.w.) at 5DI
water level. Salycilic acid applied in suitable con-
centrations may induce the synthesis of protective
compounds such as carotenoids which improves
the anti-oxidative capacity and temporarily lower
the level of oxidative stress in plants, (Hayat and
Ahmed 2007).

In silicon-treated group, effect of water deficit
on carotenoids content showed significant differ-
ences by increasing carotenoids content at 5DI
water regime, compared with 4DI water regime. An
increment in carotenoids content has been report-
ed in many plants as a result of drought stress,
(Ghobadi et al 2013 and Rodriguez-Pérez et al
2017).

The effect of interaction between water deficit
and silicate treatment showed that, at control level
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of water regime, Si (100 ppm) increased carote-
noids content by 25.15% compared with control
one. At 4Dl level, Si (100 and 500 ppm) increased
carotenoids content by 7.75 and 12.02%, respec-
tively. Whereas Si (250 ppm) recorded the highest
value by increasing carotenoids content by 22.96%
at 5DI water level. This results are in a harmony
and agree with (Maghsoudi et al 2016) who stated
that, silicon supplementation induced enhance-
ment in carotenoids content in wheat plants en-
dangered drought stress

Effect of applied treatments under studied
stress on free proline

Proline (Pro) is one of the most important os-
molyte, plays a vital role that plants operate for
survival under abiotic stress. Pro detoxifies excess
ROS, adjusts cellular osmotic balance, protects
biological membranes, and stabilizes en-
zymes/proteins (Igbal et al 2014). In addition pro-
line synthesis initiates the generation of NADP",
which acts as the backbone for ribose 5-phosphate
required for the purines synthesis, and proline ca-
tabolism yields the reduced electron carriers, which
provide energy for the numbers of biochemical
reaction such as nitrogen fixation (Kim and Nam,
2013).

The results in Fig. (1) show that, free proline
content increased significantly in response to water
deficit. The results are in agree with Mafakheri et
al (2010) who stated that, proline content in-
creased significantly in response to drought.

Accumulation of large quantities of proline is an
adaptive response of plants to abiotic stress (Ali et
al 1999). However, high proline content in leaves
of Andigena potato was related to susceptibility to
water stress (Vasquez-Robinet et al 2008).

In case of ascorbate treated group (Fig.la),
ascorbate showed non-significant effect on proline
content. The interaction between ascorbate treat-
ment and water deficit represented that, at control
water regime, as at 0.25, 0.5, and 1.0 mM in-
creased proline content compared to control. At
4Dl water level, effect of ascorbate concentration
was almost very close except in case of As (0.5
mM), which decreased the content of proline com-
pared to control.

At 5D water level, As at (0.25, 0.5, and 1.0 mM)
led to reduction of the mean free proline content
compared to control.

Regarding salicylate application (Fig. 1b), the
main effect of salicylate treatment showed that, Sa
(0.5 and 1.0 mM) recorded significant reduction in
proline content.

(a)

HAs0.0 WMAs0.25 EAs0.5 HAs10

Free proline pmole/g f.w.
N
o
H

Control 4DI 5DI

(b)
MSa00 WSa025 MSa05 MWSalo

50
40
30
20
10

Control 4DI 5DI

Free proline umole/g f.w.

(c)
ESi0.0 MSi100 ®Si250 ®Si500
50 -
40 -
30 -
20 -

Free proline pmole/g f.w.

Control 4Dl 5DI

Fig. 1. Free proline content (umole/g f.w.) in
leaves of potato (cv. Spunta) as affected by (a)
ascorbate (0, 0.25, 0.5, and 1.0 mM), (b) salicy-
late (0, 0.25, 0.5 and 1.0 mM) , and (c) silicate
(0, 100, 250 and 500ppm) and water deficit; con-
trol; three days interval, four days interval (4Dl),
and five days interval (5DlI).

The interaction between salicylate treatment
and water deficit shows that, at control water re-
gime, all salicylate concentration showed the same
trend on proline content.
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At 4Dl level, Sa (0.25 mM) increased proline
content, but Sa (0.5 and 1.0 mM) decreased pro-
line content compared with control.

At 5DI level, Sa at (0.25, 0.5 and 1.0 mM) de-
creased proline content compared with control.

Salicylic acid is a plant regulator that appears
to be involved in the regulation of proline metabo-
lism (Misra and Saxena 2009).Our data are in
agreement with many studies, where Khan et al
(2013) found that, Sa (0.5 mM) increased proline
content in wheat plant endangered heat stress.
Also, in mustard plant exposed to drought stress,
higher proline content was attributed to increased
N and S assimilation and increased synthesis of
proline  synthesizing enzyme which lowers
the oxidative stress in mustard (Nazar et al 2015).
Concerning application with silicate (Fig. 1c), sili-
cate concentrations (100, 250 and 500 ppm)
showed reduction in proline content compared with
control.

The interaction between silicate treatment and
water deficit shows that, at control level of water
regime, Si (100 and 250 ppm) reduced free proline
compared with its control.

At 4DI water regime, Si (100, 250 and 500
ppm) reduced free proline content compared with
control. Silicate (100 and 500 ppm), at 5DI reduced
proline content by 11.22 and 8.23 %, respectively
compared to control. Our result agree with Gunes
et al (2008) who observed that, silicon application
reduced proline level, indicating that Si reduces
stress levels because proline is considered a bio-
chemical indicator of stress and an osmotic regula-
tor.

Vasquez-Robinet et al (2008) found that re-
sponse of the known osmolytes including proline to
drought appeared not to be correlated with relative
resistance and/or the ability to recover, but rather
with the degree of stress experienced by different
genotypes (Fig.1).

Effect of applied treatments under studied
stress on Malondialdehyde (MDA):

The data in (Fig. 2a) show that, plants exposed
to water deficit significantly revealed high accumu-
lation in MDA content compared with control
plants, while ascorbate treatment was not associ-
ated with marked differences in MDA content.

The effect of interaction between ascorbate
treatment and water deficit showed that ascorbate
promoted reduction in MDA content in case of As
1.0 by 16.9%, and As 0.25 by 29.24%, under 4DI
and 5DI water regime respectively.

(a)

HAs0.0 MAs0.25 EAs05 HAs10

60

50

40

30

20

MDA nmole /g f.w.

10

Control 4Dl 5DI

(b)
ESa00 Sa025 HSa05 ESalo

60
50
40
30

20

MDA nmole /g f.w.

10

Control 4Dl 5DI

()
HESi0.0 WSi100 ®Si250 ®Sis500
60
50
40
30

20

MDA nmole /g f.w.

10

Control 4DI 5DI

Fig.2 Malonyladialdehide (MDA) content (nmole/g
f.w.) in leaves of potato (cv. Spunta) as affected
by (a) ascorbate (0, 0.25, 0.5, and 1.0 mM), (b)
salicylate (0, 0.25, 0.5 and 1.0 mM) , and (c) sili-
cate(0, 100, 250 and 500ppm) and water deficit;
control; three days interval, four days interval
(4Dl), and five days interval (5DI).
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Concerning application with salicylate (Fig. 2b),
salicylate treatment did not show significant effect
on MDA content. The interaction of water deficit
and salicylate treatment is presented in Fig. (2b).
The results show that the increment in MDA con-
tent with water deficit was not affected significantly
by application of salicylate, however, Sa (0.25 mM)
increased MDA content compared with control
one. Salicylic acid (0.5 mM)-supplemented T. aes-
tivum exposed to drought showed low membrane
lipid oxidation Kang et al (2012), which disagrees
with our results.

Effect of silicate treatment shown in Fig. (2c) il-
lustrates significant differences. Si (100 ppm) rec-
orded the highest value, while the lowest one rec-
orded by Si (500 ppm) which reduced MDA con-
tent by 12.36%. It could be concluded that, the
interaction effect between water deficit and silicate
treatment in different concentration of silicate
treatments showed similar effect at control, 4Dl
and 5DI water regime, whereas Si 500 ppm slightly
decreased MDA content by 2.48, 20.84 and
10.21%, respectively under the studied water re-
gimes (Fig. 2).

Effect of applied treatments under studied
stress on plant dry matter

The results presented in Table (4) show the
means of plant dry matter percentage as affected
by application of As, Sa, and Si concentrations
under water deficit regimes.

Data clearly indicate that, exposure of potato
plants to water deficit significantly decreased plant
dry matter.

Ascorbate increment did not show significant
differences on plant dry matter percentage. How-
ever, the interaction between ascorbate treatment
and water deficit revealed the highest dry matter
percentage with application of As (0.5 mM) under
control water regime, and the lowest percentage
was observed with application of As (0.5 mM), un-
der 5DI water regime.

The data exhibited that, salicylate concentra-
tions showed inconsistent effect on plant dry mat-
ter percentage. However, the interaction of salicy-
late treatment and water deficit on plant dry matter
showed that, at control water regime, Sa (0.5 and
0.1 mM) improved plant dry matter by 17.83 and
10.05%, respectively. At 4DI water regime, all sa-
licylate concentration shared the same rank except
for Sa (0.5 mM), which reduced the plant dry mat-

ter significantly compared to control one. At 5DI
water regime, Sa (0.25 mM) significantly reduced
plant dry matter compared to control. However, the
other concentrations showed the same trend. The
obtained results agree with the findings of Sar-
uhan et al (2012), who found that Sa (1.0 uM)
increased dry weight, and strengthened antioxidant
defense system in drought-tolerant Z. mays cultivar
to a great extent vs. drought-sensitive cultivar.

Effect of drought stress of three Andean potato
cultivars showed no significant differences in yield
and growth parameters between well watered and
drought stressed cultivars (Rodriguez-Pérez et al
2017).

Silicate levels affected plant dry matter signifi-
cantly, and Si (250 ppm) exceeded other concen-
tration significantly increased plant dry matter by
18.15%. Meanwhile, the interaction effect between
water deficit and silicate effects revealed that, Si
(250 ppm) increased plant dry matter percentage
by 10.51 %. At 4Dl water regime, Si (100, 250, 500
ppm) amplified plant dry matter by 25.52, 25.36
and 10.89 %, respectively compared with control.
In addition, 5DI water regime, Si (250 ppm) in-
creased plant dry matter by 20.61 % over the con-
trol.

Effect of applied treatments under studied
stress on tuber dry matter

Tuber dry matter percentage represents the
accumulated photosynthates in potato tubers
which eventually constitute the yield. Means of the
tuber dry matter are shown in Table (5), as affect-
ed by As, Sa, and Si concentrations and water
deficit regimes.

Applied water deficit regimes reduced tuber dry
matter percentage with marked effect only in the
As-treated group.

Ascorbate increasing concentrations, along

with the interaction of water deficit regimes and
ascorbate showed no significant differences
among tuber dry matter percentage.
Regarding salicylate main effect, increasing Sa
concentration showed similar effects on tuber dry
matter percentage. Effect of interaction between
salicylate and water deficit noted that, Sa (1.0 mM)
recorded the highest value 20.761% under control
water regime, almost all salicylate concentrations
tended to enhance tuber dry matter percentage
under all water regimes.
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Table 4. Plant dry matter percentage as affected by exogenous treatment of ascorbate (0, 0.25,
0.5, and 1.0 mM), salicylate (0, 0.25, 0.5 and 1.0 mM), and silicate (0, 100, 250 and 500ppm) under
water deficit regimes; i.e. three days interval (control) , four days interval (4Dl), and five days inter-
val (5DI) and their interaction.

Exogenous concentration Water regime
application Control 4Dl 5DI Mean
0.0 mM 11.871° 12.132 " 10.906 ° 11.636%
Ascorbate 0.25 mM 12.474‘;“ 11.320:;‘d 11.508 :Cd 11.7672
0.5mM 14.215 11.935 9.597 11.915
1.0 mM 10.905 ¢ 12.838" 11.667°¢  11.803"
Mean 12.366" 12.056 " 10.920°
0.0 mM 11.871° 12.132" 10.906 11.636"
Salicylate 0.25 mM 11.219 °: 11.047 °; 8.645 ecd 10.3042
0.5mM 13.988 10.527 11.210 11.908
1.0 mM 13.064 %" 10.972 10.570 11.535"
Mean 12.536" 11.170° 10.333°
0.0 ppm 13.482% 10.788" 10.212% 11.494°
Silicate 100 ppm 11.044 °; 13.541 az 9.586 ‘1 11.390i
250 ppm 14.900 13.524 12.317 13.580
500 ppm 11.936 ™ 11.963 " 9.580° 11.160°
Mean 12.840"° 12.454 " 10.424°

Data represent the means of three replicates. Values followed by different letters in a column or in Mean row are

significantly different, while the same letters are not different at p<0.05 by Duncan’s multiple range test.

Table 5. Tuber dry matter percentage as affected by exogenous treatment of ascorbate (0, 0.25, 0.5,
and 1.0 mM), salicylate (0, 0.25, 0.5 and 1.0 mM), and silicate (0, 100, 250 and 500ppm) under water
deficit regimes; i.e. three days interval (control) , four days interval (4Dl), and five days interval (5DI)

and their interaction.

Exogenous concentration Water regime
application Control 4Dl 5DI Mean
0.0 mM 19.685 ° 20.087°% 19.0302 19.601"
0.25 mM 19.452°2 20.057% 19.02 6% 19.512%
Ascorbate 0.5mM 19.6782 19.857°2 19.2002 19.578"
1.0 mM 19.9352 20.011% 19.3012 19.749"
Mean 19.687"° 20.003" 19.139°
0.0 mM 19.685 % 20.087® 19.030° 19.601"
Salicylate 0.25 mM 20.296 ZE 20.439 :E 19.875 :E 20.2032
0.5 mM 20.684 19.968 19.845 20.166
1.0 mM 20.761° 20.069 *° 19.810®" 20.213%
Mean 20.356 " 20.141"% 19.640"
0.0 ppm 20.317° 19.317° 19.496° 19.710%
100 ppm 19.987% 19.348°% 19.338°% 19.558"
Silicate 250 ppm 19.750? 18.879? 19.1772 19.269"
500 ppm 19.835% 19.350% 18.725% 19.303"
Mean 19.972" 19.223" 19.184"

Data represent the means of three replicates. Values followed by different letters in a column or in Mean row are

significantly different, while the same letters are not different at p<0.05 by Duncan’s multiple range test.
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On the subject of Si-treated plants, application (a)
with silicate under water deficit conditions showed
no marked differences on tuber dry matter per- HAs00 HWAs025 HAsO5 HAs1.0
centages.

1600 -
Effect of applied treatments under studied - 1400
stress on tuber yield. & 1200
S 1000

The data, represented in Fig. (3), show that, % 800
tuber yield decreased significantly in relation to > 600
water deficit. As known, potato is quite sensitive to § 400
water deficit (Loon, 1981). This sensitivity can be = 200
attributed to its small and shallow root system, 0
which makes the plant ineffective for absorbing Control 4DI 5DI
water (Gregory and Simmonds, 1992). Short
water deficit periods may result in reduced tuber (b)
growth, yield, and quality (Costa et al 1997).

The effect of studied concentrations of As, illus- ®S5a00 KSa0.25 WSa0.5 WSalo
trated in Fig. (3a), shows that As improved tuber
yield by 46.89, 15.62 and 5 % at As (0.25, 0.5 and 1600
1.0 mM), respectively, and this improvement was o 1400
related to the low concentration of ascorbate rather ;:u_ 1200
than the higher ones. = 1000

The interaction between water deficit and 2 800
ascorbate showed that ascorbate at 0.25 mM im- > 600
proved tuber yield by 50.32%, 25.79% and 73.38% £ 400
respectively under control, 4DI and 5DI water lev- F 200
els,. Ascorbate (0.5 mM) enhanced plant tuber 0
yield by 19.95 and 50.44%, under control and 5DI Control 4DI 5DI
water regimes. However, the higher concentration
of ascorbate (As 1.0 mM) enhanced plant tuber (c)
yield by 6.7 and 24.46% under 4Dl and 5DI, com-
pared with control one. HSi0.0 MSil00 ®Si250 ®SiS500

Mukhtar et al (2016) observed that, application
of As at 75 and 150 mg L™ improving plant growth 1600
due to As-induced decrease in H,O, contents and T 1400
membrane permeability in addition to increase in 5 1200
chlorophyll, proline, glycinebetaine, potassium and = 1000
phosphorus contents, under water-deficit condi- 2 800
tions in cauliflower plants. > 600

Effect of salicylate concentrations, in Fig. (3b), § 400
shows that, salicylate levels were not associated F 200
with clear differences on plant tuber yield means. 0

The interaction between water deficit and salic- Control 4Dl 5DI
ylate presented that, main effect of salicylate on
tuber yield was fluctuating between increment and Fig.3 Tuber yield (g/plant) of potato (cv. Spunta) as
decrement at both control and 4DI water level. But affected by (a) ascorbate (0, 0.25, 0.5, and 1.0 mM),
it is obvious that, all salicylate concentration (0.25, (b) salicylate (0, 0.25, 0.5 and 1.0 mM) , and (c) sili-
0.5 and 1.0 mM) improved tuber yield at 5DI water cate(0, 100, 250 and 500ppm) and water deficit; con-
regime by 65.61, 21.8 and 33.33 % respectively, trol; three days interval, four days interval (4Dl), and

compared to its control. five days interval (5DI).
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It could be concluded that, the increment of tu-
ber yield by salicylate application was in parallel
with reduction in free proline content.

Foliar application of (Sa) is involved in stomatal
regulation thereby controlling photosynthetic rate
(Khan et al 2003). Activity of Rubisco, and activi-
ty of some important enzymes are some possible
roles assigned to SA-induced stress tolerance.
(Hayat and Ahmed, 2007).

In silicate treated group, the data presented in
(Fig. 3c) show that, silicate concentrations illus-
trate no significant differences on tuber yield.

The interaction between water deficit and sili-
cate treatment show that, Si at 100, 250 and 500
ppm slightly increased plant tuber yield by 7.9,
12.5 and 10.4%, respectively

, under the control of water regime.

Under 4Dl water regime, all silicate concentra-
tions had the same rank, while at 5DI water level,
Si (100 and 250 ppm) increased the yield by 16.15
and 18.15%, respectively (Fig.3).

Si treatment alleviated the reduction in yield
caused by water stress in roselle plant; this might
be attributed to the effect of Si on plant growth
improvement and enhancement of water status
under stress (Maghsoudi et al 2016). Also, Si
affects potato tuber skin by increasing suberization
and by upregulating suberin-associated 3-ketoacyl-
CoA synthase (which is participated in suberin
deposition). Si was also shown to decrease the
age-dependent changes in the skin cell area, via a
structural stabilization of the cell wall, thereby de-
laying senescence of the tuber skin (Vulavala et al
2015).

CONCLUSION

It could be concluded that, ascorbate (As) un-
der water deficit has a superior effect at 0.25 mM,
also salicylate treatments reduced free proline with
a slight increment in tuber dry matter and tuber
yield. Silicate treatment alleviated water stress by
improving carotenoids content, plant dry matter
and reducing both free proline and MDA contents,
which attributes enhancement in tuber yield under
water deficit.

Generally, lower concentrations of As, Sa and
Si showed their benefits under higher water stress
regimes.
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