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ETfect of spraying humic acid and salicylic acid on potato leaf area, yield
and quality at two different levels of field capacity
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a. Hadia Hassan
b. Sawsan Suleiman
c. Maher Ali Dais

This study was carried out at Al-Hanadi Research Station -Agricultural
Scientific Research Center in Lattakia during spring 2019, to study the
effect of foliar spray with different concentrations of humic acid (500,

UGB ) 1000 and 1500 ppm) and salicylic acid (50, 100 and 150 ppm) on Spunta
Received on:29/6/2021 potato plants at two levels of irrigation 40% and 80% of field capacity.
Revised on: 20/8/2021 The experiment included 14 treatments and 3 replicates for each one.
Accepted on: 11/1/2022 Experiment was designed according to a completely randomized design
Keywords: in split plots. Results showed a decrease in vegetative surface area and

potato, humic acid, salicylic | yjeld kgm-2at irrigation level 40% of field capacity, while tubers content
acid,, water stress of proline and dry matter tubers increased. The highest tuber content of
proline was in humic acid 1000 ppm at 40% of field capacity. At irrigation
level 80% of field capacity, the treatment with salicylic acid 100 ppm
showed the highest yield 40900 kgh-1and the highest tuber content of
sugars in salicylic acid 100 ppm at the same irrigation level. Salicylic
acid treatment 50 ppm gave also the highest vegetative surface area
(2278) cm2.

DOI: https://doi.org/10.29350/
j0ps.2022.27. 1.1411

1. Introduction

Potato, Solanum tuberosum, belongs to genus Solanum and Solanaceae family. This genus includes
more than 2000 species spread in the most parts of the world. Potato plant is considered a drought-
sensitive plant (59). Drought considered is one of the main factors affecting in potato yield and quality
of tubers. (15) noticed that water stress causes a decrease in tubers weight, size and yield. It was
found that 40% of the decrease in tuber inflation rate under stress conditions was caused by the
decrease in tuber weight rate (29). Water stress causes a decrease in leaf area, plant height and
coverage (60). Hassan (2002) found that tuber initiation stage is more sensitive to moisture deficiency
than tuber growth and bulking stages. Water stress causes damage to pigments and plastids cells,
lowers the content of chlorophyll and carotenoids content, and affects photosynthesis reactions in
plants (65), which reduces plant growth and its production (22). Water stress leads to an increase in free
oxygen forms (ROS) (free oxygen molecule O,, hydrogen peroxide H,O, and hydroxyl radicals OH)
resulting from incomplete reduction of oxygen upon exposure to stress (10). Free radicals cause lipid
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oxidation (18), protein destroyed (43) and DNA damage (33) which causes weakness plant growth and
development.

Plant tolerance drought by accumulation number of organic substances (74) such as proline, and sugars
(72) which adjust osmotic pressure in cell also increase enzyme antioxidants that reduces damages
caused by the increase of free radicals under stress conditions (39). Antioxidants has important role in
neutralizing free radicals in plant cells and tissues, but these substances gradually decreased with
increasing stress conditions.

Plant growth regulators are considered among the most important antioxidants that play an effective
role in regulating biotic plant processes and affect in plants response and tolerance to environmental
and biological stresses (45). Salicylic acid (SA) in appropriate concentrations considered as a good
factor to control biotic and abiotic stresses in plants (28). Many studies showed that SA is used as a
plant growth regulator to mitigate the harmful effects of drought (26). It improves Plant growth,
enzyme activity, ions absorption and movement in plant (66) study showed that foliar spraying with SA
and tryptophan had an effective role in reducing the negative effects on corn plants exposed to
drought. Studies have also shown that humic acid (HA) can be used to effect in plant hormonal levels
and improve the growth and development of agricultural crops under various stresses (79), including
water stress (21). Several studies indicated the beneficial role of HA in increasing cell membrane
permeability, rate of photosynthesis, evapotranspiration, protein and hormone assimilation, and root
cells elongation (21).Treatment with HA improved potato plant growth, photosynthetic indicators and
tuber yield at different levels of water deficient under greenhouse conditions (51). Other studies also
showed that humic treatment improved biochemical indicators such as chlorophyll content, ascorbic
acid, nitrogen content, starch, soluble solids, protein content and increases growth and productivity
indicators of Spunta potatoes under stress conditions (69). The objective of this study was to enhance
the tolerance of potato plants to water stress by using humic and salicylic acid.

Materials and methods:

The experiment were carried out at Al-Hanadi Research Station, Agricultural Scientific Research
Center, Lattakia. Using potato Spunta tuber, a Dutch semi-late variety, it is considered one of the
medium-ripened varieties (100-150 days from the date of planting), its tubers are elongated in shape
and attractive. The variety is characterized by a good size of the vegetative group, the spunta yield is
hight in the spring lug and good in the autumn (8). Spunta tubers for planting were secured from the
General Organization for Seed Multiplication in Lattakia, and the tubers were planted in sandy loam
soil with a good content of organic matter, a high content of phosphorous and medium content of
potassium, Table (1).

Table 1: Vertification of soil analysis values:

Available | Available mineral Total Organic
Clay Silt Sand potassium | phosphor nitrogen C?Itf";n][ matter EC PH
% % % mokg-L ous carbonate ds/m
soil mg.kg-1 i mgkg-1 | M9 kg-1
18 | 85 | 735 228.75 225 6.5 340 13.3 044 | 7.6

The Source: Soil, Plant and Fertilizer Analysis Methodologies Book - General Authority for Scientific and
Agricultural Research.
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Field soil was prepared for planting with two basic plowings at January 2019, followed by a third
plowing, planning for planting in the first week of February. Tubers were planted in field at 10 cm of
depth and 30 cm of distance between plants in the line and 70 cm between the lines .After planting,
service practices included soil irrigation after planting, fertilizing (according to Agriculture Ministry
recommendation to fertilize potatoes in sandy soils) with (369.5 kg ha™) urea fertilizer and (240 kg ha"
1y potassium sulfate fertilizer (7). After 35 days of planting, potato plants irrigated at two levels: 40%
and 80% of field capacity. Field capacity was calculated basis on the volumetric moisture percentage in
the soil and by membrane pressure device. Each irrigation level represents an independent piece
including all treatments separated in completely randomized blocks at three replicates for each
treatment. Potato plants were sprayed with salicylic acid and humic acid three times in interval ten
days.

This research included following treatments:

40% of Field capacity 80 %of Field capacity
8-Cyo : Spray with water . 1-Cgo: Spray with water.
9-SA;: spray with salicylic acid 50 ppm 2-SA;: spray with salicylic acid 50 ppm

10- SA;: spray with salicylic acid 100 ppm | 3-SA,: spray with salicylic acid 100 ppm
11-SAg;:spray with salicylic acid150 ppm 4-SA;:spray with salicylic acid150 ppm
12- HA; : spray with humic acid500ppm 5- HA; : spray with humic acid500ppm

13-HA,:spray with humic acid 1000ppm 6-HA,:spray with humic acid 12000ppm
14-HAs: spray with humic acid 1500ppm 7-HA;: spray with humic acid 1500ppm

In each treatment 15 plants were determined as samples for indicators. The leaf area and Vegetative
surface area was determined as follows: leaf area was determined by disk method (6): Leaf area cm? =
(5 dry disks area * dry weight of 5 leaves) / dry weight of 5 dry disks. VVegetative surface area cm? =
leaf area * leaves number

Yield kgm™: tubers were harvested after 120 days of planting, and tubers fresh weight was determined
and the total yield (kg ha™).

Dry matter (%): many tubers from determined plants were taken and cut for many pieces and weighted
(fresh weight), these pieces dried in an electric oven at 105 ¢ for 48 hours for dried weight. Tubers dry
matter (%) = (dry weight*100) / fresh weight.

Tubers content of sugars (mg.g™): take 100 mg of fresh tubers, soak it in 3 ml of alcohol 80% in dark
place for 48 hours, and remove it into warm water 30 C for 20 minutes. Add 20 ml of distilled water,
take 1 ml of sample, and add 1 ml phenol (5%) and 5 ml of sulfuric acid (96%). Read the absorption
(D) at 490 nm wavelength in spectrophotometer (23). Tuber Sugar content (mg g™*) = D490* 1.657.
Tuber content of proline: proline was estimated according to (12), weight 100 mg of fresh tubers, put it
in 10 ml salphosalicylic acid 3%, filter it, take 2 ml from the filtrate in a test tube with 2 ml acetic acid
and 2 ml nenhydrin, place it in a hot water for half an hour after boiling. Cold samples directly at low
temperatures, add 5ml toluene to each sample. Read absorption at 520 nm wavelength on
spectrophotometer.

Experiment was designed as factorial experiment in a completely randomized design in split plots.
Resulting data were analyzed using Costat program .The differences between the treatments averages
were calculated using Duncan test at significance level 5% (24).
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Experiment was designed as factorial experiment in a completely randomized design in split plots.
Resulting data were analyzed using Costat program .The differences between the treatments averages
were calculated using Duncan test at significance level 5% (24).

Results:

Vegetative surface area cm2: Results showed that irrigation level didn’t effect on potato vegetative
surface area (Fig. 1). Potato vegetative surface area increased significantly when treated with humic
acid by different concentrations, compared to other stress treatments, and control Cg. As well as
vegetative surface area increased significantly in plants treated with salicylic acid 150 ppm compared
to Cyo control treatment about 10.81%. At the irrigation level 80%, potato treated with humic acid and
salicylic acid had a significant effect in increasing vegetative surface area compared to control Cgp,
especially humic acid 1000 and 1500ppm, which increased it by 44.08 and 42.09%, also salicylic acid
treatment 50ppm by 44.25%,

2500

2000

1500

1000

500

C40 | HA1 | HA2 | HA3 | SA1 | SA2 | SA3 | C80 | HA1l | HA2 | HA3 | SA1l | SA2 | SA3

|l LAE |1235.8(1729.6/1534.5/1709.3|1315.8/1114.8/1369.3(1269.9|1446.5/2270.9/2192.9/2278.2|1661.9| 1426

Fig 1: Leaf area of spunta potato treated by humic and salicylic acid at two irrigation level 40 and 80 %(
LSDg05=107.26)

Where these treatments outperformed other irrigated treatments with significant differences.

Yield kg.h™: The results in the figure (2) shows a decrease in tuber yield of potato spunta by (32.40%)
with water shortage increased. The yield increased significantly with increasing in humic and salicylic
acid concentration at level 40%, SA 100 and 150 ppm treatments gave the highest yield of tubers in (
2319 and 24.15 %) compared with control Cg.and in significant differences.
Salicylic Acid Protects Potato Plants-from Phytoplasma-associated Stress and Improves Tuber
Photosynthetic Assimilation Salicylic Acid Protects Potato Plants-from Phytoplasma -associated Stress
and Improves Tuber Photosynthetic Assimilation
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Yield kg h-1

45000
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30000
25000
20000
15000
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C40 | HA1 | HA2 | HA3 | SA1 | SA2 | SA3 | C80 | HA1 | HA2 | HA3 | SA1 | SA2 | SA3

kg h-118049/18670[2078020660,2350023800123170[2390026600,26220265001277004090033900

Fig.2: Tuber yield of potato spunta treated with humic and salicylic acid at two irrigation level 40 and 80
%( LSD005=023)

At irrigation level 80% HA and SA treatment significantly increased spunta yield, and SA 100 and
150 ppm treatments gave the highest yield of tubers (4.09 and 3.39 kg/m2) superior in significant
differences over other treatments. Also HA treatment 500 and 1500 ppm increased tuber yield
significantly by (10.15%and 9. 85%) compare with control.

Dry matter %: There was no significant difference of tuber content of dry matter at two irrigation level
(Fig. 3). Also HA and SA did not have a significant effect in increasing dry matter% in tubers under
water stress, whereas dry matter % increased significantly compared to dry matter% under normal
conditions . HA 1000 ppm gave the highest dry matter% in spunta tubers (26.15%) at level 40%, while
SA 100ppm gave the highest dry matter (15.3%) at level 80%.

dry matter %
30 ab a a a a a a
bcd bc od od cd bc
20 d
) I I I I:
0
C40 HA1 HA2 HA3 SAl SA2 SA3 C80 HAL HA2 HA3 SAl SA2 SA3

C40 | HA1 | HAZ | HA3 | SA1 | SA2 | SA3 | C80 | HAl1 | HA2 | HA3 | SA1 | SA2 | SA3
‘ITDM% 24.17 |25.667|26.162/26.154 25.4 | 25.43|25.326/21.02921.652/19.762 19.61 | 20.11| 21.67|18.117

Figure (3)the tuber content of dry matter of potato spunta treated with humic acid and salicylic acid at
two irrigation levels 40 and 80% (LSD0.05=2.74)

Tubers content of sugars mg g™ the results in figure (4) showed no significant differences in tubers
content of sugars at irrigation levels 40% and 80%. Also, potato treated with humic and salicylic acid
had no significant differences in tuber content of sugars (mg g™) of stress plants compared with control



6 Hadia Hassan, Sawsan Suleiman, Maher Ali Dais, Al-Qadisiyah Journal of Pure Science 27,1 (2022) PP. Envi. 1-12

C40%. Salicylic acid 150ppm reduced tubers content of sugars(mg g™) and gave the lowest tuber
content of sugars(mg g) compared to other stress treatments, and control C40% . At the irrigation
level 80%, tubers content of sugars increased significantly in potato spunta plants treated with salicylic
acid 100ppm (4.47 mg g*) compared to the other treatments and control C80. Salicylic acid treatment
150ppm was significantly superior in tuber content of sugars than humic acid 500 and 1000 ppm.

sugars mg g1

4.5 2
4
35 bes  bc be bc be
3 c
2.5
2
1.5
1
0.5
0

bc

[on
N

C40 | HA1l | HA2 | HA3 | SA1 | SA2 | SA3 | C80 | HA1 | HA2 | HA3 | SA1l | SA2 | SA3
|lsugersmg/g 3.631 | 3.385| 3.439 | 3.354 | 3.43 | 3.183|2.2535| 3.339| 2.861 | 2.269 | 3.37 | 3.42 | 4.466| 3.635

Figure (4) the tuber content of sugars in potato treated with humic acid and salicylic acid at irrigation
levels of 40 and 80% (LSD0.05 = 0.51)

The tuber content of proline (ppm): The results in figure (5) shows that Spunta potato tubers at
irrigation level 40% were superior in proline content by 73.87% compared to irrigation level 80%. HA
and SA treatments causes an increasing in the tuber content of proline; HA 1000ppm and salicylic (50,
100 and 150ppm) treatments were superior with significant differences in the tuber

proline mg g1
60 a
a a
50 ab
bc
C C
40
30
de de de
de
10
0
C40 | HAL | HA2 | HA3 | SAL | SA2 | SA3 | €80 | HAL | HA2 | HA3 | sA1 | sA2 | saA3
| proline ppm |40.492/43.409]57.055 40.72 | 56.03 |54.553 49.33 | 1058 | 13.07 | 12.78| 7.5 | 13.64|17.27|18.05

Figure (5) Proline percentage in potato spunta tubers treated with humic acid and salicylic acid at
irrigation levels of 40 and 80% (LSD0.05=7.9)
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Content of proline compared with control at irrigation level 40%. At irrigation level 80%, SA 100 and
150ppm treatment increased significantly tuber content of proline by 38.74 and 41.38% compared to
the other irrigated treatment and control C80.

Discussion: Water stress directly effects photosynthetic pigments, transpiration, leaf surface area, root
growth, element representation and hormonal balance, which affects plant growth and development
(46). These results are consistent with results of (44), who indicated That water stress reduced yield,
chlorophyll content, carotenoids, leaf area and relative water content of wheat plants exposed to stress .
HA causes an increase in elements absorption, efficiency of utilization, and improve crop growth and
production (34). HA is considered an effective factor to improve drought tolerance in plants because it
effects on plant defense mechanism by stimulating antioxidant activity ,some studies indicated that HA
improved the resistance of corn and wheat plants by increasing antioxidants (5) .HA directly increased
photosynthesis under unsuitable conditions (51). SA plays an important role in protecting plants from
stress by regulating the plant defense mechanism (antioxidants) (39). SA equilibriums H202
accumulation with substances that protect plant against stress (19). This is agree with results that
indicated that treated with SA increased an antioxidant activity of Cucurbita pepo squash (63) and
Cherry plants (78) to avoid Oxidative stress induced by pathological injury.

The sensitivity of potato crop to water lack in soil may due to a small size and mass of its roots and
that 85% of root system is spread in the upper layer (up to 30 cm depth) of the soil, water stress causes
plant growth weaken and small plant mass resulting in a decrease in tuber yield (53) .Plants tend to
decrease photosynthetic activity with water shortage increased (62) because of increasing off the
stomata transduction sensitivity, photosynthesis system, transpiration and carbon dioxide concentration
in plant tissue to stress conditions sensitive (16), which is negatively and directly reflected in yield
(47).Water stress affects in cell water content and stomata closing, which reduces co, fixation and
decreases plant growth (45) , thus reduces the optically manufactured materials amount and the
transferred and stored materials in tubers, which reduces the resulting tubers weight These results are
similar to (4)results , who indicated to a decrease in tubers number and size ,and a decrease in potato
productivity when deficient water happened in tuber initiation stage. HA causes an increasing in
elements absorption and the utilization efficiency, as well as improves also the crop growth and
production (34). This agree with the (51) results reported that the HA treatment improved potato
growth in greenhouse because it is improving photosynthetic system and improving fresh tubers
productivity in lack irrigation conditions. (32) Was also found that HA treatment increased tuber
productivity of potato plants compared to untreated plants. Results of (48) showed that HA causes an
increased in fresh weight, size and quality of tubers by increasing of the humic used concentration. The
positive effect of salicylic acid is due to fact that it plays an important role in plant protection from
biotic and abiotic stresses by regulating defense system (antioxidants) (39). SA improves transpiration
rate, stomatal closure (64), membrane permeability (13), growth and photosynthesis (27) .Also SA
may enhance the production of H202 to levels that can help to reduce the oxidative damage caused by
salinity stress in wheat plants (77). Similar results (40) , found that SA treatment had the best effect
compared to HA on three sweet pepper varieties , salicylic acid 1.5 g/l gave the best vegetative growth
and the best productivity indicators including fruit number and diameter, the content of vitamin C,
soluble solids and total sugars compared to the other treatments. Osmotic stress decreases carbon
assimilation, increases stomata closure, determined photosynthetic rate and affects in the amount of
carbohydrate which transported and stored in tubers (17), which reduces tubers weight. These results
may agree with (1) reported , 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 , increased with decreasing irrigation water quantity up to the
(750 m3 / fed) level. Salicylic acid activate the consumption of dissolved carbohydrates to form new
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young cells, which stimulates plant growth (54) also, increases photosynthesis rate and the transported
and stored amount of carbohydrates into tubers, which reflected in an increase in dry matter .%
Salicylic acid affects in the physiological and metabolic processes in plant (42) such as
photosynthesis, transpiration, element uptake and transport (67) and mitigating the damages of growth
inhibitors (free radicals and oxidants) in Stress conditions ,SA stimulate an antioxidant enzymes
activity and inhibit the free radicals in cell (70), which is reflected in an increase the yield of vegetable
species (45). Similar results reported that SA has important role in increasing the tubers content of
potassium, which increase osmotic pressure and an increase in water amount of tubers, and reduces
tuber dry matter% (Soliman et al., 2018), however varying concentrations of SA increased tubers
content of dry matter and starch in Spunta compared to un treated plants. Many studies reported that
HA stimulates growth and production of plants and improves the crop quality (38). HA plays an
important role in increasing cell membrane permeability, photosynthetic rate, evapotranspiration,
proteins assimilation and hormones, and elongation of root cells ((21). This results agree with many
studies indicated that HA increased tuber yield and improved quality of potato (2) and(68) ,also
improved the tubers content of starch , soluble solids, protein and nutrients ( N, P and K) (68),(69) .
Water deficient inhibits photosynthesis, dissolute chlorophyll pigment and causes damage to
photosynthesis system (22). It also reduces stomata conductivity (36), and increase sugars and proline
accumulation (57) soluble sugars play an osmotic- regulatory role that keeps the leaf cells full,
maintains the integrity of the cell membrane and prevents proteins denaturation (55). (11) Results
reported that the total soluble sugars increased and photosynthesis rate decreased as soon as leaf water
potential decreased, but sugars, proline, and enzymatic activity of plants increased under stress
condition (49). Salicylic acid improves cell membrane permeability, which facilitates elements
absorption and transfer photosynthetic products and storage it in tubers (9). Also, these results (at
irrigation level 80%) are similar to (50), which indicated that SA treatment increased roots content of
sugars and carotene of sweet potato. SA improves plant growth indicators under various stress
conditions, including water stress (70), and stimulated dissolved carbohydrates consumption to form
new young cells, which motivates and increase plant growth (54). Also SA encourage the activity of
many enzymes that inhibit free radicals. It is known that HA has an effective role in reducing the
negative effect of stress (56), HA regulates hormonal levels in plants and increases synthesis of
enzymes and growth hormones (52). Many studies (69) reported that HA improved chlorophyli
content, ascorbic acid, nitrogen, starch, soluble solids, protein content, and enhanced growth and
productivity indicators of Spunta potatoes under stress conditions. HA treatment increased the pea pod
content of many organic compounds, including total sugars, and protein content (3).

Proline play an important role in increasing plant tolerance to water stress (76). Proline has important
functions in adjusting osmotic pressure under water stress conditions and has a key role in protecting
proteins and cell membrane stability in plants through its accumulation at high levels, which causes
modulate the cell osmotic pressure (31). Several studies have reported an increase in proline
accumulation in wheat plants grown under water stress (76). This is similar to (44) results that reported
the high rate of proline accumulate in the plant exposed to water stress while its accumulation
decreases under natural irrigation. Similar studies (49) found that proline content, soluble sugars,
catalase enzyme activity and polyphenol oxidase, and peroxidase and superoxide dismutase increased
under stress conditions. Also (57) results that reported the increasing in proline accumulation in potato
tubers exposed to salinity and drought stress. SA improves plant growth indicators under different
stress conditions, including water stress(70) also salicylic acid affect in increasing glutamate and
ammonia accumulation in plants exposed to drought , which stimulates the proline accumulation
increasing , otherwise proline accumulation may be due to absence of the enzymes proline oxidase
and proline dehydrogenase activity (75) .(37) results showed an increase in relative water content,
proline content and total chlorophyll content, and a decline in the electrolyte leakage of tomato plants
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grown under drought conditions when treated with salicylic acid. Also salicylic acid increased
strawberry productivity under stress condition and increased proline fruits' content and soluble solids
(41). Also (73) indicated that salicylic acid caused an increase in plant mass and protein content in
chickpea leaves under drought conditions compared to untreated plants. . HA acts as a biostimulor
through its role in enhancing the activity of plant hormones and enzymes (52) and stimulating protein
synthesis (61) which reduces the harmful effects of stress (56). Treatment with humic acid 120 kg/ha
enhanced chlorophyll content, ascorbic acid, nitrogen content, starch, soluble solids, protein content, as
well as growth and productivity indicators of Spunta potato under stress conditions (69). Similar
results reported that humic acid increased the content of many organic compounds including total
sugars and protein content in pea pods (3).

Conclusions:

Tubers content of dry matter, sugars and proline increased with a decrease in soil moisture, Humic and
salicylic acid treatments effected in Spunta traits. Humic acid can play a positive role in improving
spunta potato tolerance under stress water especially humic acid concentration 500ppm, and improve
tuber content of dry matter and proline. Salicylic acid can increase potato productivity under different
levels of field capacity, especially SA 50ppm.

Author Contributions: All authors contributed equally in writing this article. All authors read and
approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References:

[1] AbouEl-Khair, E.E., Nawar A.S.D and Ismail E.M.H., (2011), Effect of irrigation water quantity and farmyard manure
on potato plant grown in sandy soil, Egypt. J. Agric. Res., 89 (1), 2011.

[2] Abu-Zinada, I.A., and K.S. Sekh-Eleid, (2015), humic acid to decrease fertilization rate on potato (Solanum tuberosum
L.), American Journal of Agriculture and Forestry 3(5): 234-238.

[31 Ahmed,H, A. H ; Nesiem, M. R. ; Hewedy, A. M. and Sallam, H. EI-S,(2010), Effect of some Simulative Compounds on
Growth, Yield and Chemical Composition of Snap Bean Plants Grown under Calcareous Soil Conditions. Journal of
American Science, 6(10), ISSN: 1545-1003, (552-569).

[4] Alenazi,M & Wahb-Allah,A.M & Abdel-Razzak,S.H& Ibrahim,A.A & Abdullah Alsadon ,(2016),Water Regimes and
Humic Acid Application Influences Potato Growth, Yield, Tuber Quality and Water Use Efficiency. Am. J. Potato
Res. DOI 10.1007/s12230-016-9523-7.

[5] Ali, S. et al. Fulvic acid mediates chromium (Cr) tolerance in wheat (Triticum aestivum L.) through lowering of Cr
uptake and improved antioxidant defense system. J. Environ Sci Pollut R. 22, 10601 (2015).

[6] Al-Salmani,H and Al-Bindawi,B,(2014), The Interfering effect of organic fertilizer and water stress on some growth and
yield characteresistics of Potatoes, Diyala Journal of Agricultural Sciences, 6 (2) ,213-22.

[7] Al-Zoubi, M ; Al-Hosni, A, and Dargham, H,( 2013), Methods of analyzing soil, plant, fertilizer and water- The General
Authority for Scientific Agricultural Research - Ministry of Agriculture and Agrarian Reform - Syrian Arab Republic.

[8] Anisimov,F,B,(2000), potato varieties approved for agriculture and seed potato production. FGNY.148p.

[9] Ansari,M.S; Misar,N.Miraculous, (2007), Role of salicylic acid in plant system ,Am. J.Plant Physiol, 2, 2007, 51-58.



10 Hadia Hassan, Sawsan Suleiman, Maher Ali Dais, Al-Qadisiyah Journal of Pure Science 27,1 (2022) PP. Envi. 1-12

[10] Asada, K. (2000) the water-water cycle as alternative photon and electron sinks. Philos Trans R Soc Lond B Biol
Sci 355: 1419-1431.

[11] Basu,S.P; A.Sharma, and P.N.Sukumaran(1998), Changes in net photosynthetic rate and chlorophyll fluorescence in
potato leaves induced by water stress.Photosynthetica35(1):13-19.

[12] Bates, L.S., R.P. Waldren, and 1.D. Teare,( 1973), Rapid determination of free proline for water-stress studies. Plant
Soil 39:205-207.

[13] Barkosky, R.R. and Einhellig, F.A. 1993. Effects of salicylic acid on plant water relationship. J. Chem. Ecol. 19: 237-
247,

[14] Belanger, G., J.R. Walsh, J.E. Richards, R.H. Milburn, and N. Ziadi ,(2002),Nitrogen fertilization and irrigation affects
tuber characteristics of two potato cultivars, American Journal of Potato Research, 79,269-29.

[15] Bethke, P.C., Sabba,R and Bussan,J.A,( 2009) Tuber water and pressure potentials decrease and sucrose contents
increase in response to moderate drought and heat stress, American Journal of Potato Research, 86, 519-532.

[16] Chaves, M. M., Flexas, J. & Pinheiro, C, (2009), Photosynthesis under drought and salt stress: regulation mechanisms
from whole plant to cell. J. Ann Bot-London. 103, 551-560.

[17] Chaves, M.M, Pereira, J.S, Maroco, J, et al (2002), How plants cope with water stress in the field,, Photosynthesis and
growth, Ann Bot 89:907-916.

[18] Chen W.P; Li P.H; Chen T.H. (2000): Glycinebetaine increase chilling tolerance and reduce chilling-induced lipid
peroxidation in Zea mays L. Plant, Cell and Environment, 23: 609-618.

[19] Chao, Y. Y., C. Y. Chen, W.-D. Huang, and C.H. Kao.( 2009). Salicylic acid-mediated hydrogen peroxide
accumulation and protection against Cd toxicity in rice leaves. Plant and Soil 329: 327-337.

[20] Cordeiro, F. C., Santa-Catarina, C., Silveira, V. & Souza, S. R. Humic acid effect on catalase activity and the
generation of reactive oxygen species in corn (Zea mays). J. Biosci Biotech Bioch. 75, 70-74 (2011).

[21] Cimrin, K.M; Tirkmen, O; Turan, M; Tuncer, B, (2010), Phosphorus and humic acid application alleviate salinity
stress of pepper seedlings. Afr J Biotechnol 9: 5845-5851.

[22] Costa, L.D., G.D. Vedove, G. Gianquintoi, R. Giovanardi, and A. Peressotti,( 1997) Yield, water use effi ciency, and
nitrogen uptake in potato: Infl uence of drought stress, Potato Res. 40:19-34.

[23] Dubois, M., K.A. G illes, J.K. Hamilton, P.A. Rebers, and F. Smith,( 1956), Colorimetric method for determination of
sugars and related substances. Anal. Chem. 28:350-356.

[24] Duncan D.B (1955), Multiple range multiple. Biometric, 11: 1-42.

[25] Durner J, and Klessig, D.F, (1995). Inhibition of ascorbate peroxidase by salicylic-acid and 2,6-dichloroisonicotinic
acid, 2 inducers of plant defense responses. Proc Natl Acad Sci USA. ;92:11312-11316.

[26] EI-Tohamy , H.,E. Maher., A.A.M. Badr., N. Gruda,(2018), Effect Of Exogenous Salicylic Acid On The Response Of
Snap Bean (Phaseolus vulgaris L.) And Jerusalem Artichoke (Helianthus tuberosus L.) To Drought Stress, Acta Sci.
Pol. Hortorum Cultus, 17(4), 81-91.

[27] El-Tayeb, M.A. 2005. Response of barley grains to the interactive effect of salinity and salicylic acid, Plant Growth
Regul. 45: 215-224.

[28] Elwan, M\W.M. & El-Hamahmy, M.A.M,( 2009) Improved productivity and quality associated with salicylic acid
application in greenhouse pepper Scientia Hort. 122, 521- 526.

[29]1 Erdem, T ; Erdem,Y; Orta,H; Okursoy,H,( 2006)Water-yield RelationshipsOf Potato Under Different Irrigation
Methods and Regimens. Sci. Agric. (Piracicaba, Braz.), v.63, n.3, p.226-231.

[30] Errabii T, Gandonou CB, Essalmani H, Abrini J, Idaomar M, SkaliSenhaji N (2006), Growth, Proline and ion
accumulation in Sugarcane callus cultures under drought-induced osmotic stress and its subsequent relief, Afr. J.
Biotechnol. 5(6): 1488-1493.

[31] Faroog M., Wahid A., Kobayashi N., Fujita D., Basra S. M. A., (2009b), Plant drought stress: effects, mechanisms and
management. Agron. Sustain. Dev. 29 185-212. 10.1051/agro: 2008021

[32] Ghannad, M., S. Ashraf, and Z.T. Alipour, (2014), Enhancing yield and quality of potato (Solanum tuberosum L.) tuber
using an integrated fertilizer management. International Journal of Agriculture and Crop Sciences 7: 742—748.

[33] Hagar H., Ueda N., Shal S.V. (1996), Role of reactive oxygen metabolites in DNA damage and cell death in chemical
hypoxic injury LLC-PK1 cell, American Journal of Physiology, 271: 209-215.

[34] Haider, G. et al, Biochar.,(2015), but not humic acid product amendment afected maize yields via improving plant-soil
moisture relations, J. Plant Soil. 395, 141.



Hadia Hassan, Sawsan Suleiman, Maher Ali Dais, Al-Qadisiyah Journal of Pure Science 27, 1 (2022) PP. Envi. 1-12 11

[35] Hassan,A.A and Sarkar, N.N (2002). Effect of deficit irrigation at differernt growth stages on the yield of potato ,
Pakistan Journal of Biological.Scienences. vol (5),ISSN 2, P:128-134.

[36] Hattori T., Inanaga S., Hideki A., Ping A., Shigenori M., Miroslava L., et al. (2005), Application of silicon enhanced
drought tolerance in Sorghum bicolor. Physiol. Plant. 123 459-466. 10.1111/j.1399-3054.2005.00481.x

[37] Hayat, S.; S.A. Hasan; Q. Fariduddin and A. Ahmad, (2008), Growth of tomato ( Lycopersicon esculentum, mill) in
response to salicylic acid under water stress. J. Plant. Interact. 3(4):297-304.

[38] Haytova, D.,( 2013), A review of foliar fertilization of some vegetables crops. Annu. Rev. Res. Biol. 3:455-465.

[39] Horvéth E, Pal M, Szalai G, Paldi E, Janda T.,(2007), Exogenous 4-hydroxybenzoic acid and salicylic acid modulate
the effect of short-term drought and freezing stress on wheat plants. Biol Plant 2007; 51: 480-7.

[40] Ibrahim,A; Abdel-Razzak,H; Wahb-Allah ,M; Alenazi ,M; Alsadon ,A; and Dewir ,H.Y. (2019),Improvement in
Growth, Yield, and Fruit Quality of Three Red Sweet Pepper Cultivars by Foliar Application of Humic and Salicylic
Acids, https://doi.org/10.21273/HORTTECH04263-18

[41] Jamali, B.; S. Eshghi and E. Tafazoli (2011) Vegetative and reproductive growth of strawberry plants cv. pajaro
affected salicylic acid and nickel. J. Agric. Sci. Technol. 13:895-904.

[42] Jayakannan, M., J. Bose, O. Babourina, Z. Rengel, and S. Shabala.( 2015). Salicylic acid in plant salinity stress
signaling and tolerance, Plant Growth Regulat. 76:25- 40.

[43] Jiang M and Zhang J. (2001), Effect of abscisic acid on active oxygen species, antioxidative defence system and
oxidative damage in leaves of maize seedlings. Journal of Plant Cell Physiology, 42: 1265-1273.

441 Khalilzadeha,R ., Sharifib ,S.R. and Jalilianc,J,( 2016),Antioxidant status and physiological responses of wheat
(Triticum aestivum L.) to cycocel application and bio fertilizers under water limitation condition .Journal of plant
interations,. vol. 11, no. 1, 130-137.

[45] Khan, M.1., M. Fatma, T.S. Per, N.A. Anjum, and N.A. Khan. (2015), Salicylic acid-induced abiotic stress tolerance
and underlying mechanisms in plants, Front. Plant Sci. 6:1-17.

[46] Latif,F; Ullah,F;Mehmood,S;Kattak,A;Khan,U.A;Khan,S,(2016), Effects of salicylic acid on growth and accumulation
of phenolics in Zea mays L. under drought stress. Acta Agriculturae Scandinavica,Section B-Soil and Plant Science .
66,(4) 325-332.

[47]1 Long, S. P., Marshall-Colon, A. & Zhu, X. G,(2015),Meeting the global food demand of the future by engineering crop
photosynthesis and yield potential. J. Cell. 161, 56-66.

[48] Mahmoud, A.R., and Hafez.M.M 2010. Increasing productivity of potato plants (Solanum tubersoum L.) by using
potassium fertilizer and humic acid application. International Journal of Academic Research 2: 83-88.

[49] Mamnabi, S., H.S. Nasrolla . K. Ghassemi-Golezani.,Y, Raei,(2020), Improving yield-related physiological
characteristics of spring rapeseed by integrated fertilizer management under water deficit conditions . Science
DirectSaudi Journal of Biological Sciences, 27,797-804.

[50] Mandour ,M.(2011), Growth And Productivity Of Some Sweet Potato Cultivars As Affected By  Some
Vitamins ,Salicylic Acid And Plant Density Under Sandy Soil Conditions. The requirements for the
degree ofdoctorof philosophy in Agricultural Sciences Department of Horticulture Faculty of Agriculture
Zagazig University, 4-67.

[51] Man-hong,Y; Lei,Z;, Sheng-tao, X;Neil, B; McLaughlin and Jing-hui,L(2020), Effect of water soluble humic acid
applied to potato foliage on plant growth, photosynthesis characteristics and fresh tuber yield under different water
deficits. Sci Rep 10, 7854.

[52] Mart, 1,(2007), Fertilizers, organic fertilizers, plant and agricultural fertilizers. Agro and Food Business Newsletter.

[53] Metwaly, E. E and S.R.El-Shatoury,(2017), Impact of Foliar Application with Salicylic Acid on Growth and Yield of
Potato (Solanum tuberosum L.) under Different Irrigation Water Quantity. J. Plant Production, Mansoura Univ., and
Vol. 8 (10): 969 - 977.

[54] Metwally, A.; I. Finkemeier; M. Georgi and K.J. Dietz (2003) Salicylic acid alleviates the cadmium toxicity in barley
seedlings. Plant Physiology, 132(1): 272- 281.

[55] Mohammadkhani, N. and R., Heidari, 2007. Effects of water stress on respiration, photosynthetic pigments and water
content in two maize cultivars. Pakistan J. Biol Sci.10: 4022—-4028.

[56] Moraditochaee M. (2012), Effects of humic acid foliar spraying and nitrogen fertilizer management on yield of peanut
(Arachis hypogaea L.) in Iran. ARPN Journal of Agricultural and Biological Science, 7, 289-293.

[57] Nadler, A., and B. Heuer,( 1995). Effect of saline irrigation and water deficit on tuber quality. Potato Res, 38,119-123



12 Hadia Hassan, Sawsan Suleiman, Maher Ali Dais, Al-Qadisiyah Journal of Pure Science 27,1 (2022) PP. Envi. 1-12

[58] Nardi, S; Pizzeghello, D; Muscolo, A; Vianello, A, (2002), Physiological effects of humic substances on higher plants.
Soil Biology. Biochem., 34, 1527-1536.

[59] Obidiegwu,E.J; Bryan,J.G; Jones,G.H and Prashar,A. (2015) Coping with drought: stress and adaptive responses in
potato and perspectives for improvement . Front Plant Science ,6, 542.

[60] Ojala, J. C., Stark, J. C., and Kleinkopf, G. E. (1990). Influence of irrigation and nitrogen management on potato yield
and quality. Am. Potato J. 67, 29-43.

[61] Patil R.( 2010). Effect of potassium humate and deproteinised juice (DPJ) on seed germination and seedling growth of
wheat and jowar. Annals of Biological Research 1: 148-151.

[62] Pinheiro, C. & Chaves, M,(2010 ) Photosynthesis and drought: can we make metabolic connections from available
data. J. J Exp Bot. 62, 869-882

[63] Radwan, D.E.M., K.A. Fayez, S.Y. Mahmoud, A. Hamad, and G. Lu. 2006. Salicylic acid alleviates growth inhibition
and oxidative stress caused by zucchini yellow mosaic virus infection in Cucurbita pepo leaves. Physiological and
Molecular Plant Pathology 69: 172-181.

[64] Rai, V.K., Sharma, S.S. and Sharma, S. 1986. Reversal of ABA-induced stomatal closure by phenolic compounds. J.
Exp. Bot.31: 129-134.

[65] Reddy, A., Chaitanya, K., and Vivekanandan, M. (2004). Drought induced responses of photosynthesis and antioxidant
metabolism in higher plants. J. Plant Physiol. 161, 1189-1202. doi: 10.1016/j.jplph.2004.01.013.

[66] Rao, S.R., Qayyum, A., Razzaqg, A., Ahmad, M., Mahmoud, 1., Sher, A. (2012). Role of foliar application of salicylic
acid and L-Tryptophan in drought tolerance of maize. J. Anim. Plant Sci., 22(3), 768-772.

[67] Sahu, G.K. 2013. Salicylic acid: Role in plant physiology and stress tolerance, p. 217-239. In: G.R. Rout and A.B. Das
(Eds.). Molecular stress physiology of plants. Springer India, Bhubaneswar, India.

[68] Selim, E.M; EI-NeklawyA.S; El-Ashry,, S.M.( 2009). Beneficial effects of humic substances ferrtigation on soil
fertility to potato grown on sandy soil .Australian Journal of Basic and Applied Sciences 3(4):4351-4358 -

[69] Selim, E.M; Shedeed, I.SH; Asaad,F.F and El-Neklawy,A.S (2012). Interactive Effects of Humic Acid and Water
Stress on Chlorophyll and Mineral Nutrient Contents of Potato Plants. Journal of Applied Sciences Research, 8(1):
531-537, 2012 ISSN 1819-544.

[70] Senaratna T., Touchell D., Bunn E., Dixon K. (2000). Acetyl salicylic acid (aspirin) and salicylic acid induce multiple
stress tolerance in bean and tomato plants. Plant Growth Regul. 30 157-161. 10.1023/A: 1006386800974

[71] Sharma, A.; Shahzad, B.; Kumar, V.; Kohli, S.K.; Sidhu, G.P.S.; Bali, A.S.; Handa, N.; Kapoor, D.; Bhardwaj, R.;
Zheng, B. Phytohormones regulate accumulation of osmolytes under abiotic stress. Biomolecules 2019, 9, 285.

[72] Siamak, F. and H. Kazemi-Arbat (2014) Effects of salicylic and ascorbic acid applications on growth, yield, water use
efficiency and some physiological traits of chickpea (Cicer arietinum L.) under reduced irrigation. Legume Research,
38 (1) 2015: 66-71.

[73] Singh, M.; Kumar, J.; Singh, S.; Singh, V.P.; Prasad, S.M. (2015),Roles of osmoprotectants in improving salinity and
drought tolerance in plants: A review. Rev. Environ. Sci. Biotechnol. , 14, 407-426.

[74] Taiz, L and E. Zeiger. (2002). Plant Physiology. Sunderland, MA: Sinauer Associates.

[75] Vendruscolo ACG, Schuster I, Pileggi M, Scapim CA, Molinari HBC, Marur CJ, Vieira LGC, (2007), Stress-induced
synthesis of proline confers tolerance to water deficit in transgenic wheat, J. Plant. Physiol., 164(10): 1367-1376.

[76] Wahid ,A ., Perveena ,M., Gelania ,S., Basrab.,M.A.S ,(2007),Pretreatment of seed with H202 improves salt tolerance
of wheat seedlings by alleviation of oxidative damage and expression of stress proteins, Journal of Plant Physiology
164, 283—294.

[77]1 Xu, X., and S. Tiang.( 2008). Salicylic acid alleviated pathogen-induced oxidative stress in harvested sweet cherry fruit.
Postharvest Biology and Technology 49: 379-385.

[78] Zhang ,K; Halitschke, R; Yin, C; Liu, C.J and Gan, S.S.(2013) Salicylic acid 3-hydroxylase regulates Arabidopsis leaf
longevity by mediating salicylic acid catabolism, proceedings of The National Academy Of Sciences Of the United
States, sep 3,110(36),14807-12.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Obidiegwu%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=26257752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryan%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=26257752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=26257752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prashar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26257752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4510777/
https://www.ncbi.nlm.nih.gov/pubmed/23959884
https://www.ncbi.nlm.nih.gov/pubmed/23959884
https://www.ncbi.nlm.nih.gov/pubmed/23959884

	Effect Of Spraying Humic Acid And Salicylic Acid On Potato Leaf Area, Yield And Quality At Two Different Levels Of Field Capacity
	Recommended Citation

	Article

