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ABSTRACT

Two field experiments were carried out in the Experimental Station, Faculty of Agriculture, Mansoura University in the
two summer seasons of 2014 and 2015 to study the effect irrigation water quantity and foliar application with salicylic acid on
growth and yield of potato cv. Spunta grown under clay loamy soil conditions using drip irrigation system. The experiment
layout was split plot in based on complete randomized block design with three replications. Quantity of irrigation water (700,
1000 and 1300 m’/ fed.) were present in the main plots, while foliar application with salicylic acid (0.0, 0.1, 0.2 and 0.3 g /litter.)
were assigned in the sub plots. The results indicated that increasing water quantity up to1300 m’/ fed. led to a significant increase
of vegetative growth parameters ( Plant height, leaves number, leaves area, number of main stem and foliage fresh weight per
plant), leaves chemical composition (N, P, K, chlorophyll a, chlorophyll b and carotenoids), Tubers yield and its physical quality
(tubers weight and number per plant, marketable and total yield), Tubers chemical quality ( Vit. C, TSS, N, P and K) and plant
water relations (Relative water content). On contrary, foliage dry matter percentage, tuber dry matter percentage, hardness,
density, electrolyte leakage and water use efficiency were decreased. With respect to the effect of foliar application of salicylic
acid, the data exhibited that, the mentioned characters were increased compared to untreated plants except electrolyte leakage.
The interaction between irrigation water quantity and spraying salicylic acid showed that the combination which consist of 1300
m’/ fed. and 0.2 g/l salicylic acid gave the highest values for most effective previous parameters.

Keywords: potato, irrigation water quantity, salicylic acid, relative water content, electrolyte leakage, water use efficiency and

tubers yield.
INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
Solanaceae family plants. It is the fourth crop after maize,
rice and wheat in the world. Potato is one of the main crops
in Egypt. Also, it is considered as the second vegetable
crop after tomato and one of the most important exported
crops. Among top potato producer countries in the world
Egypt is number eleventh and it is the first among African
countries (FAO, 2012).

The yield and quality of potato tubers are affected
with several factors such as variety, cultural practices,
environmental conditions, water deficit and foliar
application such as salicylic acid (Mohammad et al., 2014;
Nasrabadi et al., 2015).

It has been detected that the lack of water for
human life, especially in arid and semi-arid areas and in
developing countries is a real threat. Population growth and
rising standards of living lead to increase water
consumption since the quantity of water used in agriculture
is significant, saving water used in this respect, as well as
possible solutions to eliminate the problem of water deficit,
is the needed ( Keyvan and Irandoost, 2015).Early
investigations have reported that water is the most
important factor for the potato production. Well-scheduled
irrigation programs throughout the growing season is
possible to increase potato yield ( Erdem et al., 2006;
Abou El-Khair ef al., 2011; Abd El-Latif et al., 2011; Alaa
etal.,2013).

Potato is sensitive to water deficit at some growth
stages since irrigation has become critical component for
production. Many irrigation studies have proved that potato
is sensitive to water deficit due to its weak root system and
85% of roots is concentrated in the top 30 cm of soil, water
stress causes weaker plant growth and minimize biomass
production which led to yield reduction. Potato evaporates
approximately 3—5 mm water every day during growth
stage under optimal soil moisture level. Also, potato yield
are responded linearly to amount of irrigation water (Shock
and Feibert, 2002).

The probability of supply the plants with nutritious
elements are very little or absent during water deficiency.
Also, water deficit leads to reducing photosynthesis with
10-30%, thus inner changes happen in plants, cells
formation and accumulation of osmotic active substances
promote. Also, water stress influences on plant respiration
(Lahlou et al., 2003). Irrigation regime of 80% of water
requirement was the most water use efficiency. The
drought stress led to the oxidative damage inevitably,
producing more of reactive oxygen species (ROS), which
are the result of incomplete oxygen reduction (Cruz de
Carvalho, 2008). Also, Abd El-Latif et al. (2011) reported
that repeated irrigation at 80 % from available soil
moisture content recorded that the maximum values of the
protein content, TSS, tuber yield and water use efficiency
of potato. While at 40 % from available water soil moisture
content gave the lowest values.

On potato, Abou El-Khair et al. (2011) reported
that plant height, number of leaves per plant, shoot dry
weight, total and free water in leaf tissues, N, P and K %
and their uptake by shoot significantly increased with
increasing quantity of irrigation water up to the highest
level (1750 m*/ fed.). 1250 or 1750 m®/ fed. recorded the
highest values of tuber yield/ plant and total yield/ fed., N,
P, starch, carbohydrates and dry matter % in tuber. Cell
sap, bound water, osmotic pressure, proline content in leaf
tissues and water use efficiency (WUE) were increased by
decreasing irrigation water quantity up to the lowest level
(750 m’/ fed.).

Salicylic acid (SA) a ubiquitous plant phenolic
compound, which regulate many of processes in plants
(Hayat et al., 2008). Also, it is improve plant growth
parameters under water deficit conditions and other
stresses (Senaratna et al., 2000). Exogenous SA increase
the activities of antioxidant enzymes and plant tolerance to
abiotic stress by decreasing generation of reactive oxygen
species (ROS). SA has different effects on stress and
damage of plants that depend on plant species,
concentration, method and time of addition. Also, salicylic



Metwaly, E. E. and R. S. El-Shatoury

acid application probably activate the consumption of
soluble carbohydrates to form young cell constituents
which led to promote plant growth (Metwally et al., 2003).
SA acts as cofactors for some specific enzymes,
i.e., dismutases, peroxidases and catalases, those catalyzed
breakdown of the toxic radicals (H,O,), (OH), (O-2). SA
also plays an important role in the regulation of many
physiological processes in plants such as effects on growth
development, ion uptake, transport and membrane
permeability (Simaei ef al., 2012). Also, is introduced as an
important messenger molecule in responses of plant to the
different abiotic and biotic stresses and can ameliorate the
impairing effects of water stress in different species (Arfan
et al., 2007). Siamak and Kazemi-Arbat (2014) found that
the application of salicylic acid increased the plant biomass
and protein content of leaves in complete drought stress
condition of chickpea compared with control plants
significantly. On contrary, the l-aminocyclopropane-1-
carboxylic acid (ACC) synthase activity was decreases by
using SA which led to producing of ethylene in the plant (
Li et al., 1992). Ethylene will cause the loss of chlorophyll
pigments in plants (Arfan et al., 2007). Also, SA inhibit
ascorbate peroxidase activity which can disturb the H,0,
pathway and led to excessive accumulation of this
substance in cell ( Durner and Klessig, 1995).Hayat et al.,
(2008) found that SA increased relative water content
(RWC), proline content, total chlorophyll content SPAD
and decreased electrolyte leakage on tomato under drought
condition. Jamali ef al. (2011) mentioned that fresh weight

of (shoot and root) and yield of strawberry were increased
by using SA. Also, fruit weight per plant, yield and fruit
ripening duration were decreased by increasing water
deficit. On the contrast, proline and TSS content increased.
SA increased total chlorophyll content (SPAD), fruit
ripening duration and TSS compared the control treatment.
The combination of water deficit and salicylic acid
application rates treatments had in significant effects on
fruit number per plant (Nasrabadi e al., 2015).

The objective of this study was to evaluate the
effect of salicylic acid on growth, yield quality and water
use efficiency of potato under different irrigation water
quantity.

MATERIALS AND METHODS

Two field experiments were carried out in the
Experimental Station, Faculty of Agriculture, Mansoura
University in summer seasons of 2014 and 2015, to study
the effect irrigation water quantity and foliar application with
salicylic acid on growth and yield of potato cv. Spunta
grown under clay loamy soil conditions using drip irrigation
system. The experiment layout was split plot in based on
randomized complete block design with three replications.
Quantity of irrigation water (700, 1000 and 1300 m®/ fed.)
were present in the main plots, while foliar application with
salicylic acid (0.0, 0.1, 0.2 and 0.3 g per litter) were
randomly assigned in the sub plots. Soil samples from the
top layer (0-30 cm depth) were randomly collected before
planting for physical and chemical analysis (Table 1)

Table 1. Physical and chemical parameters during the two seasons of 2014 and 2015.

Seasons Silt Clay Sand Texture F.C W.P AW PH E.C O.M CaCoO; N P K

% % % soil % % (dSm-1) % % ppm___ ppm ___ ppm

2014 405 372 223 S 357 189 168 822 151 18 339 519 57 288
loamy

2015 41.1 36.9 22.0 ICIay 352 18.4 16.8 8.13 1.78 2.0 345 54.1 6.2 294
oamy

F.C : Field Capacity; W.P.: Welting point; AW: Available water; OM: Organic matter

Individual tuber seed ( pieces of tuber about 20 — 25
g ) was transplanted manually at a depth of 12-15 cm and 25
cm apart on 5™ and 8" of January in the 1% and 2™ summer
seasons, respectively. The plot area was 10.5 m”. It consists
of five dripper lines with 3 m length for each and 0.7 m
distance between the two dripper lines. 0.25 m was the
distance between the dripper and the other in the same line.
Two lines were used to measure the morphological and
physiological characters and the other three lines were used
for yield and its components determinations. In addition, one
row was left between each two plots as guard area to avoid
the overlapping on irrigation water infiltration.

Irrigation water quantities treatments were 700, 1000
and 1300 m® water/fed. All experimental units received
equal amounts of water during germination (240 m’
water/fed.) as furrow irrigation through water counter. The
remainder amounts of irrigation water quantities (m®/fed.)
were added by using water counter at 1.5 bar, water flow
through the drippers (4 liter/h.). Irrigation numbers were 30
for each treatment. The irrigation water quantity were added
(depending on growth stage) two days intervals to each
treatment began at 5" and 8" Feb. (month after planting) and
ended 13 and 18 April (10 and 12 days before harvesting) in
the 1 and 2™ seasons, respectively.

Salicylic acid at (0.0, 0.1, 0.2 and 0.3 g per litter.)
were add twice as foliar application at 40 and 55 day after
planting its volume was 300 and 400 litter per fed. in the 1*
and 2™ foliar application, respectively.

All treatments received 120 kg N, 125 kg P,05 and
100 kg K,O kg/ fed. as ammonium nitrate (33.5 %),
phosphoric acid (85 % P,0Os) and potassium sulfate (50 %
K,0), respectively. as fertigation at 2 days interval beginning
one month after planting. Also, Farmyard manure (FYM) at
20 m’/ fed. was applied during soil preparation.
Experimental design:

Treatments were arranged in split plots in complete
randomized blocks design with three replicates. Irrigation
water quantities were assigned in the main plots, while foliar
applications with salicylic acid were allocated in the sub
plots.

Measurements:

Five plants were taken at random from each plot at
85 days after planting to evaluate the following criteria for
the two seasons.

1- Vegetative growth characters:

Plant height (cm), leaves number / plant, leaves area
(cm?®) / plant, number of main stem /plant, foliage fresh
weight (g )/plant, foliage dry matter percentage.
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2 - Leaves chemical composition:

N, P and K percent, chlorophyll a, b, carotenoids
content were analyses according to AOAC (1990).
3- Tubers yield and its physical quality:

At the harvesting time (110 day after planting),
tubers weight (g) per plant and tubers number per plant were
represented by taking the average of 5 hills, dry matter
percentage, hardness as kg cm™ (average measuring without
cortex at the top plus the bottom tuber ), density (tubers
weight (g) per plant / tubers volume (cm®) per plant),
marketable tubers yield (ton / fed.) as healthy tuber with a
weight more than or equal to 50 g without (growth cracks,
abnormally curved shape, rotten, bottleneck shape, diseased,
insect attacked, deformed tuber, those having a weight less
than 50 g and two or more knobs) and total tubers yield
(ton/fed.) was (total fresh weight of tubers per plot / plot
area) x 4200.
4-Tubers chemical quality:

Vit. C, TSS and (N, P and K %). All chemical
quality parameters were determined according to A.O.A.C
(1990).

5- Plant water relations:

Relative water content and Electrolyte Leakage
were determined according to (Korkmaz et al., 2010), Water
use efficiency was estimated according to (El-Banna et al.,
2011).

Statistical analysis:

Data were statistically analyzed using the analysis of
variance according to Snedecor and Cochran (1980). Least
significance difference (LSD) was used to differentiate
means at the at 5 % level of probability.

RESULTS AND DISCUSSION

1- Vegetative growth characters:

Data presented in Table 2 show that plant height,
leaves number per plant, leaves area per plant, number of
main stem per plant and foliage fresh weight per plant,
significantly increased with increasing irrigation water
quantity up to the highest level at 1300 m’/ fed. On the other
hand, foliage dry matter percentage was decreased by
increasing irrigation water quantity in both seasons. These
increases can be due to that available more water enhances
nutrient availability which improves macro- and micro-
elements absorption, on contrary, the decreasing due to the
reduction of cells growth and development in different plant
parts especial in stem and leaves. So that, the effects of water
deficit can be detected in smaller leaves or plant height,
decreasing in leaf area, light absorption decreased and made
reduction in total capacity of photosynthesis and growth.
(Hasani, 2006; Ayas, 2013 and Abubaker e al., 2014).

Concerning the effect of spraying salicylic acid the
data in Table 2 revealed that the mentioned characters were
increased compared to untreated plants. The maximum
values of these parameters were recorded by using 0.2 g/l of
salicylic acid in the two seasons, followed by 0.3 g/l. This
improvement in vegetative growth parameters could be
attributed to the water stress long, the plant will face the
oxidative damage inevitably, and can be resulted in
producing reactive oxygen species (ROS) which are the
result of incomplete reduction of oxygen (Cruz de Carvalho,
2008). Salicylic acid is one of the antioxidants which prevent
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the high activity of ROS and is introduced as an important
messenger molecule in plant responses to the different biotic
and abiotic stresses, Also, the increase of plant growth by
improving cell division and elongation of root cells, activate
the consumption of soluble carbohydrates to form young cell
constituents, regulates some physiological processes in
plants such as effects on growth and development, ion
uptake and membrane permeability (Simaei et al.,
2012).Salicylic acid application increases, spermidine,
spermine and putrescine polyamines in the plant which
results in membrane keeping and integrity in drought stress,
Also, led to increasing in gibberellins and cytokinins. On the
other hand, endogenous auxins and abscisic acid were
decreased. Which led to more vegetative and reproductive
growth. In addition, increasing endogenous cytokinin level
on auxin enhanced formation of branches and increasing
photosynthetic pigments content in tomato plants (Mady,
2009).

The interaction between irrigation water quantity and
spraying salicylic acid showed that the combination which
consist of 1300 m*/ fed. and 0.2 g/l salicylic acid gave the
highest values of plant height, leaves number per plant,
leaves area per plant, number of main stem per plant and
foliage fresh weight per plant, the lowest values were
noticed with 700 m’/ fed. and 0.0 g/l salicylic acid. On
contrast, the maximum foliage dry matter percentage was
noticed by application of 700 m*/fed. and 0.2 g/l salicylic
acid. But, the minimum values were recorded with 1300 m®/
fed. and 0.0 g/l salicylic acid. These results agree with those
reported by Erdem et al. (2006); Shahram et al. (2011);
Ayas (2013); Abubaker et al. (2014) and Keyvan and
Irandoost (2015); on potato; Tahereh er al (2014) on
mungbean and Nasrabadi ef al. (2015) on melons.

2- Leaves chemical composition parameters:

Data listed in Table 3 show that increasing irrigation
water quantity caused significant increases in N, P, K,
chlorophyll a, chlorophyll b and carotenoids in leaves tissue.
These results may be due to that water deficit was causes
retarding of nutrients uptake, the roots failed to absorb the
accumulative valuable nutrient elements. Also, water deficit
caused reducing in leaf miner content due to a reduction
roots formation (Abou El-Khair et al., 2011). These results
exhibit positive correlation between water stress and
chlorophyll a, chlorophyll b and carotenoids content. This
increment in previous pigments may be attributed to increase
macronutrients uptake, especially N and Mg nutrient by
increasing water quantity, whereas N and Mg nutrient are
necessary for chlorophyll pigments synthesis (Lahlou et al.,
2003).

Data in Table 3 indicated that parameters of N, P, K,
chlorophyll b and carotenoids in leaves of potato plants were
significantly increased in the two seasons with spraying
salicylic acid up to 0.2 g/l then decline at 0.3 g/l. This may
be attributed to (ROS) has destructive effect for chlorophyll
pigments under water deficit. SA decreases the damaging
influences of (ROS) on chlorophyll by promoting
antioxidant systems, and the increase of plant growth
through the activating of cell division and elongation of root
cells, enhancement the consumption of soluble
carbohydrates to form young cell constituents as a means to
improved plant growth, ion uptake and membrane
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permeability (Simaei et al, 2012). Also, Nasrabdi et al.
(2015) reported that SA probably inhibits chlorophyll
oxidase enzymes therefore it will be prevents chlorophyll
breakdown, so that photosynthesis was increased.

In the same Table, the interaction results shows that
the N, P, K, chlorophyll a, chlorophyll b and carotenoids
were significantly affected by irrigation water quantity and

spraying salicylic acid, the highest values were obtained by
1300 m® and 0.2 g/l. On contrast, the lowest values were
recorded at 700 m’ as irrigation water quantity and 0.0 g/l of
foliar application of salicylic acid. The above mentioned
results are in harmony with those obtained by Abou El-
Khair ez al. (2011); Maralian et al. (2014); Abd El-Latif et
al. (2011) on potato.

Table 2. Impact of foliar application with salicylic acid on vegetative growth characters of potato at 85 DAP
under different irrigation water quantity during the two seasons of 2014 and 2015.

Plant Leaves Leaves Number of Foliage Foliage
Treatments Height No ?rea main stem FwW DM
(cm). / plant (cm’) / plant /plant g / plant %
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Water quantity m’/fed.
700 65.9 67.7 38.7 39.4 1519 1556 2.7 3.0 214 217 677 6.88
1000 70.5 72.3 40.6 413 1638 1677 3.0 32 267 271 630 640
1300 72.8 74.6 41.8 42.5 1741 1783 3.6 37 330 355 6.02 6.03
LSD 5% 1.9 2.1 0.9 0.8 29 30 0.5 0.5 32 29 0.50 036
salicylic acid g/l
0.0 68.3 69.6 38.8 39.8 1463 1487 2.6 28 245 249 592 598
0.1 69.2 70.8 39.9 40.6 1558 1591 3.0 3.1 264 266 622 631
0.2 713 73.4 41.8 423 1870 1920 3.5 3.7 292 297 686 6.99
0.3 69.9 72.3 41.0 414 1640 1689 33 34 281 285 645 6.58
LSD 5% 2.1 2.2 0.9 0.9 50 52 0.4 0.5 26 28 036 0.37
Interaction

0.0 63.7 65.0 37.4 38.4 1381 1403 24 2.6 197 201 632 6.38
700 0.1 655 67.0 38.4 39.2 1449 1479 2.6 2.8 202 204 6.62 6.72

02 677 69.6 39.6 40.0 1761 1808 3.0 34 237 242 732 7.46

03 665 69.2 39.4 39.8 1486 1531 2.8 3.0 217 221 6.82 6.96

0.0 69.7 71.1 39.0 40.0 1480 1503 2.6 28 251 256 582 588
1000 0.1 70.3 71.9 404 412 1578 1611 2.8 30 261 265 6.12 621

02 712 732 42.0 42.6 1876 1927 3.4 34 283 288 682 6.95

03 708 72.9 41.0 414 1619 1667 32 34 270 274 642 6.55

00 713 7217 40.0 41.0 1529 1553 2.8 30 285 291 562 5.67
1300 0.1 719 73.6 40.8 41.6 1648 1683 3.6 36 326 329 592 6.01

02 75.1 77.3 43.8 444 1973 2026 4.0 42 355 361 642 6.54

03 726 74.8 42.6 43.0 1816 1870 3.8 38 354 359 6.12 6.24
LSD 5% 3.6 3.7 1.6 1.5 88 90 0.7 0.8 45 49 0.62  0.65

Table 3. Impact of foliar application with salicylic acid on N, P, K percentage and pigments in leaves of
potato under different irrigation water quantity during the two seasons of 2014 and 2015.

N P Chl. a Chl.b Carotenoids mg/100g
Treatments % % % mg/100 FW  mg/100 FW FW
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Water quantity m’/fed.
700 288 297 0374 0386 3.31 3.39 31.8 322 153 157 11.4 11.7
1000 350 3.61 0465 0481 348 3.56 326 334 169 173 133 13.5
1300 398 411 0.507 0524 3098 4.08 359 369 202 205 139 14.3
LSD 5% 027 028 0.018 0.018 0.08 0.16 3.0 3.1 0.6 0.9 0.5 0.6
salicylic acid g/l
0.0 2.86 292 0411 0421 348 3.53 319 323 163 165 124 12.6
0.1 332 342 0431 0444  3.51 3.58 325 333 171 175 12.8 13.1
0.2 398 412 0487 0504 3.80 3.90 347 359 187 19.1 13.3 13.7
0.3 3.64 379 0465 0484 3.57 3.68 340 354 179 183 12.9 13.4
LSD 5% 036 037 0.012 0.012 0.10 0.14 2.2 2.3 1.1 1.6 0.6 0.7
Interaction

0.0 231 235 0299 0305 325 3230 300 304 147 149 10.9 11.1
700 0.1 271 2.80 0345 0355 3.31 3.37 303 31.1 149 154 11.3 11.5

0.2 335 347 0.441 0456  3.37 3.46 326 338 162 16.6 11.9 12.2

0.3 3.15 328 0411 0427 332 3.42 325 337 157 159 11.4 11.8

0.0 2.87 292 0451 0464 3.42 3.47 313 316 159 162 124 12.5
1000 0.1 335 345 0463 0477 344 3.51 319 327 169 174 133 13.6

0.2 419 433 0478 0495 3.55 3.64 341 355 178 183 13.8 14.2

0.3 359 373 0468 0487 3.53 3.63 33.0 343 172 176 134 13.8

0.0 342 349 0482 0495 3.78 3.84 344 348 162 185 13.8 14.0

0.1 390 401 0487 0501 3.80 3.88 353 362 194 199 139 14.2
1300 0.2 441 456 0543 0561 448 4.61 376 389 221 225 14.3 14.5

0.3 420 437 0517 0538 3.87 3.98 366 38.0 208 213 139 144
LSD 5% 0.63 0.65 0.020 0.021 0.18 0.23 3.8 3.9 1.9 2.8 1.2 1.1
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3- Tubers yield and its physical quality:

Obtained data of Table 4 indicate that tubers
weight and number per plant, dry matter percentage,
hardness, density, marketable tubers yield and total
tubers yield were affected significantly, by irrigation
water quantity. Tubers weight and number per plant,
marketable and total tubers yield per fed. were
significantly higher under high irrigation water quantity
1300 m’ per fed. On contrast, tuber dry matter
percentage, hardness, density were higher under low
irrigation water quantity 700 m3 per fed. These results
could be attributed to water deficit led to increasing
reactive oxygen species (ROS), Ethylene, abscisic acid
and decreasing Intensity of photosynthesis at 10-30%,
nutritious elements, gibberellins and cytokinins will
cause the reduction of chlorophyll pigments in plants
could also be of great influence upon different
vegetative and reproductive growth and lower amount
of biomass produced which led to yield reduction. (
Lahlou et al., 2003).

With respect to the effect of foliar application of
salicylic acid, the data exhibited that, the mentioned
characters were increased compared to untreated plants.
This improvement in the yield and its component could
be the role of SA which acts as cofactors for some
specific ~ enzymes, ie., dismutases, catalases,
peroxidases, which results in breakdown of the toxic
(H,0,), (OH), (0-2) radicals, Also, SA decreasing
generation of ROS ( Metwally et al., 2003), inhibits of
auxin oxidation (Fariduddin et al. 2003). Also, SA
probably promote the consumption of soluble
carbohydrates to form young cell constituents as a
mechanism to enhancement plant growth an important
signal molecule for modifying plant responses to
environmental stressors (Arfan et al., 2007), Also,
increasing ion uptake, membrane permeability and
increase in protein content of leaves (Simaei et al.,
2012)

SA decreases the synthase activity of 1-
aminocyclopropane-1-carboxylic acid (ACC) which
enhancement the production of ethylene in the plant (Li
et al., 1992). Ethylene will led to the reduction of
chlorophyll pigments in plants (Arfan, 2007). Also,
Durner and Klessig (1995) reported that SA inhibit
ascorbate peroxidase activity which can disturb the
H,0, pathway and cause increasing accumulation of this
product in cells.

Results in Table 4 clarify that, the interaction
was significant in the two seasons, the maximum values
of that tubers weight and number, marketable and total
tubers yield per fed. were recorded with combination
which consist of 1300 m*/ fed. and 0.2 g/1 salicylic acid,
on the other hand, the lowest values were achieved by
application of 700 m*/ fed. and 0.0 g/l salicylic acid. On
contrast, the highest tuber dry matter percentage and
hardness were noticed by application of 700 m’/ fed.
and 0.2 g/l salicylic acid. But the lowest values were

achieved at 1300 m’/ fed. and 0.0 g/l salicylic acid.
Also, the highest density was recorded with 700 m®/ fed.
and 0.0 g/l salicylic acid, but 1300 m*/ fed. and 0.3 g/I
salicylic acid gave the lowest values of density
character. Similar results were reported by Shahram et
al. (2011); Ayas (2013); Aksic et al.( 2014); Abubaker
et al. (2014); Keyvan and Irandoost ( 2015) on potato,
Nasrabadi et al. (2015) on melons; Tahereh et al. (2014)
and Akram et al. (2016) on mungbean.

4- Tubers chemical quality:

Tabulated data in Table 5 revealed that, Vit. C,
TSS, N, P and K of potato tuber were gradually
increased by increasing irrigation water quantity in the
two seasons. These increases can be due to the fact that
available more water enhances nutrient availability
which improves macro- and micro- elements absorption,
Also, water deficit led to increasing ethylene, abscisic
acid, ROS and decreasing nutritious elements,
cytokinins, gibberellins, Intensity of photosynthesis at
10-30%, which led to decreasing of chlorophyll
vegetative and reproductive growth and lower amount
of biomass produced which led to Vitamin C, TSS, N, P
and K reduction. (Lahlou et al., 2003).

Regarding foliar application of salicylic acid, it
was noticed that, TSS, N, P and K of potato tuber in
Table 5 were significantly increased in the two seasons
with spraying salicylic acid up to 0.2 g/l then decline at
0.3 g/, while Vit. C was gradually increased by
increasing salicylic acid rate as foliar application. The
maximum values were recorded with 0.3 g/l, but the
minimum values were noticed at 0.0 g/ of salicylic acid
in both seasons. This improvement in Vit. C, TSS, N, P
and K could be the role of salicylic acid which
increasing dismutases, catalases, peroxidases, those
catalyzed led to breakdown of the toxic (H,O,), (OH),
(O-2) radicals, Also, decreasing generation of ROS
(Metwally et al., 2003), decreasing the production of
ethylene (Li et al., 1992). inhibit of auxin oxidation
(Fariduddin et al. 2003), increasing soluble
carbohydrates and protein which promote plant growth
and increasing ion uptake and membrane permeability
(Simaei et al., 2012).

As for the interaction between irrigation water
quantity and spraying salicylic acid, the mentioned
parameters in Table 5 were significantly affected in both
seasons, the highest Vit. C values were recorded with
combination consists of 1300 m’/ fed. and 0.3 g/l
salicylic acid. But the lowest values were achieved at
700 m’/ fed. and 0.0 g/l salicylic acid. Also, the
maximum values of TSS, N, P and K of potato tuber
were recorded at irrigation water quantity as 1300 m®/
fed. and spraying salicylic acid as 0.2 g/l. on contrast,
the minimum values were produced by application 700
m3/ fed. and 0.0 g/l salicylic acid. These results are in
accordance with those reported by Abou El-Khair et al.
(2011); Abd El-Latif et al. (2011); Alaa et al. (2013) on
potato; Nasrabadi et al. (2015) on melon.
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Table 4. Impact of foliar application with salicylic acid on tubers yield and its physical quality of potato
under different irrigation water quantity during the two seasons of 2014 and 2015.

Tubers Tubers Tuber dry Hardness Densit Market Total
Treatments weight (g) per  No./ matter ke cm™ @ cm% Yield Yield
plant plant % g & (ton/ fed.) (ton/ fed.)
S1 2 Ss1 s2  s1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Water quantity m’/fed.
700 663 678 44 47 1972 1999 69 7.1 1.098 1.124 1441 1495 1536 16.02
1000 880 900 52 56 1896 1923 6.5 6.6 1.035 1.060 1934 19.71 2037 20.84
1300 1011 1034 59 62 1873 1899 58 59 1.020 1.045 22.63 23.06 2340 2393
LSD 5% 98 100 0.8 05 057 058 04 0.8 0.068 0070 2.14 195 225 2.04
salicylic acid g/l
0.0 768 791 4.8 5.0 1838 1875 6.1 6.1 0994 1.009 17.30 17.56 18.06 18.59
0.1 826 838 57 6.0 1923 1951 64 66 1.056 1.077 17.85 1847 18.82 19.53
0.2 953 977 54 58 1987 2009 68 7.0 1.092 1.122 21.17 21.70 22.18 22.73
0.3 859 876 4.6 50 19.08 1927 63 6.6 1.063 1.099 1885 19.22 19.79 20.18
LSD 5% 159 162 09 07 082 08 06 09 0.074 0.076 351 349 366 3.63
Interaction

0.0 602 621 40 42 1862 19.00 6.5 6.6 1.063 1.079 13.36 13.57 14.17 1456
700 0.1 629 638 52 54 2030 2059 69 7.1 1.076 1.098 13.37 14.61 1434 1582

0.2 791 811 44 48 2062 2085 7.3 7.5 1.168 1200 17.31 17.74 1842 18.88

0.3 630 642 4.0 44 1934 1954 7.1 7.3 1.084 1.121 1359 13.87 1451 14.80

0.0 791 815 50 54 1849 1887 63 63 0989 1.004 17.77 18.04 18.61 19.17
1000 0.1 835 848 6.0 64 1874 19.00 6.5 6.6 1.054 1.075 1799 1826 19.04 19.32

0.2 967 991 56 6.0 19.63 1985 6.7 6.7 1.042 1.070 2139 2193 2252 23.08
0.3 926 945 42 4.6 19.01 1921 64 6.6 1.057 1.093 2020 2061 2133 21.76
0.0 910 938 54 56 18.02 1839 55 5.6 0930 0944 20.77 21.08 21.40 22.05
0.1 1013 1028 6.0 6.4 18.67 1893 59 6.0 1.038 1.059 2221 2254 23.08 2343
1300 0.2 1100 1127 64 6.8 1936 1957 6.3 6.5 1.066 1.094 2481 2543 25.60 26.24
0.3 1021 1042 5.8 6.0 18.89 19.08 5.6 57 1.048 1.083 2273 23.19 23.52 24.00
LSD 5% 275 281 15 13 142 144 1.0 1.2 0.129 0.132 6.08 6.05 634 6.30

Table 5. Impact of foliar application with salicylic acid on some tubers chemical quality parameters of potato
under different irrigation water quantity during the two seasons of 2014 and 2015.

Vit. C TSS N P K
Treatments mg/100 g FW %o %o %o Y%
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Water quantity m’/fed.
700 133 13.7 46 47 1.47 1.83 0.348 0.357 3.53 3.58
1000 16.1 16.5 5.1 52 1.80 1.92 0.408 0.420 3.74 3.80
1300 19.6 20.2 55 57 1.89 2.00 0.424 0.436 3.98 4.05
LSD 5% 2.6 2.7 04 04 0.12 0.33 0.008 0.004 0.07 0.11
salicylic acid g/l
0.0 13.5 14.0 44 45 1.54 1.76 0.355 0.363 3.62 3.65
0.1 14.7 15.2 5.1 5.2 1.63 1.86 0.387 0.397 3.69 3.76
0.2 17.4 17.9 57 59 1.91 2.08 0.426 0.438 3.94 4.01
0.3 19.8 20.2 52 54 1.79 1.98 0.405 0.419 3.75 3.81
LSD 5% 29 3.0 03 04 0.12 0.16 0.002 0.004 0.12 0.16
Interaction

0.0 10.8 11.2 40 40 1.26 1.62 0.330 0.337 3.39 343
700 0.1 12.0 124 47 48 1.33 1.77 0.340 0.349 3.45 3.50

0.2 14.3 14.7 52 53 1.75 1.99 0.368 0.379 3.76 3.82

0.3 16.3 16.6 48 49 1.54 1.93 0.353 0.365 3.52 3.57

0.0 12.1 12.6 44 44 1.61 1.77 0.364 0.372 3.064 3.67
1000 0.1 13.6 14.1 50 52 1.75 1.84 0.405 0.416 3.70 3.77

0.2 18.6 19.2 56 58 1.96 2.07 0.443 0.456 3.88 3.95

0.3 19.9 20.3 53 54 1.89 2.00 0.421 0.435 3.76 3.81

0.0 17.6 18.2 48 49 1.75 1.87 0.372 0.379 3.82 3.85

0.1 18.4 19.0 55 57 1.82 1.96 0.417 0.427 3.94 4.02
1300 0.2 19.2 19.8 62 6.5 2.03 2.18 0.466 0.480 4.18 4.25

0.3 232 23.7 55 57 1.96 2.01 0.443 0.458 4.00 4.06
LSD 5% 5.1 5.2 0.6 07 0.20 0.29 0.005 0.007 0.21 0.28
5- Plant water relations m’/ fed. On the other hand, electrolyte leakage % and water

Data presented in Table 6 ShOW that relative use efﬁciency (kg per m3 Water) was decreased by
water content % significantly increased with increasing  increasing irrigation water quantity in both seasons Relative
irrigation water quantity up to the highest level 1300  water content is considered a measure of plant water status,
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reflecting the metabolic activity in tissues and used as a most
meaningful index for dehydration tolerance. These results
could be attributed to water deficit led to increasing ethylene,
abscisic acid and decreasing water and nutritious elements
uptake, gibberellins and cytokinins production which led to
low roots formation, the stomata should be closed to avoid
more water loss, the waste of chlorophyll in plants could also
be of great influence upon different vegetative and
reproductive growth and lower amount of biomass produced
which led to yield reduction. ( Lahlou ef al., 2003). On the
other hand, higher water quantity applied to plants led to
keep higher water content in plant tissues. Water deficit
stress results in the membrane injury and liberation of ions
from the cell to extra cellular space and lipid peroxidation
(Scandadalius, 1993).

Electrolyte leakage % is an index, which can
quantify determined the damage conceived by plant cell
membrane. Its relative conductivity can be used to
measure the damage on structure and cell membranes
function under stresses. Under normal conditions, the
total amount of reactive oxygen species (ROS) formed
in the plants is measured by the balance between the
production of ROS and the ability of the enzymatic and
non-enzymatic mechanisms to breakdown with them

under stress conditions, when ROS formation is higher
than the ability of plants to remove it, this could result
in oxidative damages, which led to increasing of
electrolyte leakage ( Laspina et al., 2005).

Regarding the effect of spraying salicylic acid
the data in Table 6 revealed that relative water content
% and water use efficiency (kg per m’ water) were
increased compared to the control treatment. The
maximum values of these parameters were recorded by
applications of 0.2 g/l of salicylic acid in both seasons
followed by 0.3 g/l. On the contrast, electrolyte leakage
% was decreased by increasing salicylic acid rate.

These results could be attributed to the role of
salicylic acid which increasing dismutases, catalases,
peroxidases, which led to breakdown of the toxic (OH),
(H,0,), (O-2) radicals, decreasing generation of reactive
oxygen species (ROS) (Metwally et al., 2003),
decreasing the production of ethylene ( Li et al., 1992).
Inhabitation of auxin oxidation ( Fariduddin et al.,
2003), increasing soluble carbohydrates, protein and
water content which promote plant growth and
decreased electrolyte leakage. The increase in RWC
may be related to the role of salicylic acid in
accumulation of compatible osmolytes in plants tissues,
which were subjected to water stress (Siamak and
Kazemi-Arbat, 2014).

Table 6. Impact of foliar application with salicylic acid on some plant water relations parameters of potato
under different irrigation water quantity during the two seasons of 2014 and 2015.

Relative water

Electrolyte Water use efficiency

Treatments content % leakage % (kg per m’ water)
S1 S2 S1 S2 S1 S2
Water quantity m’/fed.
700 69.7 70.8 84.3 85.6 21.94 22.88
1000 75.3 76.5 77.9 78.9 20.37 20.83
1300 79.5 80.7 66.3 67.3 18.00 18.40
LSD 5% 2.3 2.4 3.9 22 2.06 1.79
Salicylic acid g/l
0.0 72.8 74.2 81.1 82.5 18.44 18.97
0.1 74.9 75.7 78.3 79.5 19.09 19.98
0.2 76.2 77.5 75.5 76.2 22.84 23.41
4 75.6 76.7 69.7 70.8 20.05 20.45
LSD 5% 2.1 2.2 6.5 6.6 3.38 3.23
Interaction
0.0 68.3 69.6 90.3 91.9 20.25 20.80
700 0.1 69.9 70.6 84.7 85.9 20.49 22.08
0.2 70.5 71.8 82.1 82.8 26.31 26.97
0.3 70.1 71.1 80.2 81.7 20.72 21.14
0.0 71.6 72.9 80.1 81.6 18.61 19.17
1000 0.1 75.4 76.1 79.7 80.9 19.04 19.33
0.2 77.5 78.9 76.3 77.0 22.52 23.08
0.3 76.8 77.9 75.5 76.0 21.33 21.76
0.0 78.6 80.1 72.7 74.0 16.47 16.96
0.1 79.5 80.3 70.8 71.8 17.76 18.03
1300 0.2 80.2 81.7 68.1 68.7 19.69 20.19
0.3 79.7 80.9 53.4 54.5 18.09 18.46
LSD 5% 3.7 3.8 11.3 11.5 5.85 5.59

The interaction between irrigation water quantity and
spraying salicylic acid showed that 1300 m’/ fed. and 0.2 g/l
salicylic acid recorded the maximum values of Relative
water content %. On contrary, the minimum values were

recorded with 700 m’/ fed. and 0.0 g/ salicylic acid. On
contrast, the highest water use efficiency (kg per m® water)
was noticed by application of 700 m’/ fed. and 0.2 g/l
salicylic acid, while the lowest values were recorded at 1300
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m’/ fed. of irrigation water quantity and 0.0 g/l salicylic acid.
Also, electrolyte leakage %, 700 m’/ fed. and 0.0 g/l salicylic
acid gave the highest values, but the lowest values were
recorded with 1300 m*/ fed. and 0.3 g/ salicylic acidThese
results coincide with those reported by Ayas and Korukcu
(2010); Abou El-Khair et al. (2011); alaa et al (2013);
Maralian et al. (2014); Keyvan and Irandoost (2015) on
potato; Akram et al. (2016) on mungbean.

CONCLUSION

The adverse effects of water deficit on the
growth and productivity of potato can be mitigated by
foliar application of SA. The results presented in this
investigation clearly indicate that it is possible to
ameliorate the impacts of water deficit by the exogenous
application of salicylic acid (SA). The interaction
between irrigation water quantity and spraying salicylic
acid showed that the combination which consist of 1300
m’/ fed. and 0.2 g/l salicylic was the best combination
and it is recommended for potato cultivar Spunta grown
under loamy soil conditions using drip irrigation system
in order to get the maximum Tubers yield and its
physical and chemical quality.
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