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ABSTRACT

Two field experiments were carried out in the Experimental and Research unit, Faculty of Agriculture, Mansoura
University in the two winter seasons of 2015 and 2016 to study the impact of foliar application by ascorbic acid (i.e. without, 150
and 300 ppm) under four nitrogen fertilization sources (ammonium nitrate, ammonium sulphate, calcium nitrate and urea) on
growth and yield of spinach plants (cv. Dash). The results indicated that vegetative growth attributes (Plant height, plant fresh
weight, leaves fresh weight, leaves number and leaves area) per plant, leaves chemical composition (N, P, K, chlorophyll a,
chlorophyll b and carotenoids), yield and its chemical quality (blades and petioles fresh weight, dry matter % and NO; content),
Vit. C, TSS, fertilizer use efficiency, hill weight and yield per fed.) were affected significantly by nitrogen form. Urea recorded
the highest values of the previous parameters except NO; content to blades and petioles. As for the effect ascorbic acid, the data
show that the mentioned attributes were increased compared to the control. The interaction between nitrogen form and ascorbic
acid showed that urea form combined with 300 ppm ascorbic acid recorded the highest values for most effective previous
characters and the lowest values for NO; content to blades and petioles.
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INTRODUCTION

Spinach (Spinacia oleracea L.) which belongs to
family Chenopodiacea is a popular leafy vegetable
crops which are an important element of human diet and
considered as excellent nutritive source of mineral and
vitamins and they have not much calories (Rabie et al.,
2014).

Spinach yield and quality are affected with many
factors such as water deficit, environmental conditions,
diseases, salinity, flooding, chemical toxicity, nutrients,
ultraviolet radiation, and antioxidants (Wang et al.,
2009).

Nitrogen (N) is one of the major nutrients that
have many important roles as a basic element of nucleic
acids, protein, growth hormones, chlorophyll and
physiological process. Improved N management can be
achieved by matching N supply with crop needs, using
the optimum dose, selecting appropriate N forms, and
improved timing of fertilizer application. Usually plants
are able to take up N as nitrogen from soils in inorganic
ions ammonium (NH,"), nitrate (NO;) and organic
forms mainly amino acids, but some may prefer one
source or another depending on plant species
(Kaymak,H.C., 2013). The most predominant N forms
in commercial fertilizers in Egypt are ammonium
nitrate, ammonium sulphate, calcium nitrate and urea.
Several researchers studied the impact of N levels on
various vegetable crops but no or little investigations
had studied the effect of different N sources on growth
and yield characters of spinach plants. The response of
spinach plants to N sources varies where the highest
increment of plant height, leaves numbers, leaves fresh
and dry weights) and total yield was achieved in case of
ammonium nitrate (Rabie, et al. 2014). Also, Alderfasi
et al., (2015) reported that, both forms of N application
in mixtures by the ratio of 50 % / 50 % nitrate/
ammonium recorded the maximum values of fresh
weight and leaf area of spinach. In addition, Wang et al.
(2009) mentioned that, the spinach biomass was
decreased when the NH,'/ NO; ratio was more than
50:50 in nutrient solution. The highest biomass

registered by using NO;™ - N as its sole nitrogen source,
on contrast, there was no significantly difference in dry
matter weight between 0:100 and 25: 75 of NH,"/ NOy’
ratio. Moreover, Ghoname et al. (2009) mentioned that
the maximum fruit yield of hot pepper was achieved in
case of ammonium nitrate. On contrast, difference
results were obtained by (Mirdad, 2009; Mirdad, 2011
and Kaymak, 2013) on spinach, Parsley and Purslane,
respectively, they found that the highest yield was
achieved by using urea fertilization. On the other hand,
the highest yield for tomato fruits was recorded with
application of the ammonium sulfate (Fouda, 2017).

Foliar spray applications with bio-stimulant
products such as essential macro- and micronutrients,
citrates, humates, amino acids and vitamins such as
ascorbic acid are becoming more common for
improving quantity and quality of production. Vitamins
are compounds that are needs in relatively small
quantities but that cannot be synthesized in amounts
large enough to meet the normal required of the
organism. Vitamins natural and safety bio-regulator
compounds which at low concentrations influences
upon many physiological processes. Ascorbic acid is
one of the more important water soluble antioxidants in
plants.

Ascorbic acid has Dbeneficial effects on
scavenging generation of reactive oxygen species (ROS)
which produced during respiration and photosynthesis
processes. Ascorbic acid (AsA) improves protection
against the harmful worst impacts of light during
photosynthesis by carbon dioxide conversion into plant
matter (Pastori, et al., 2003). In addition, it enhances
cell division, cell wall expansion, many other essential
enzymatic and non-enzymatic reactions and regulating
plant growth and development. Moreover, endogenous
AsA has recently been suggested to be basic in the
regulation of developmental senescence and plant
defense against pathogens. Also, it is very essential for
the regulation of flowering, photosynthesis and
senescence (Dolatabadian et al., 2010).
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Many investigates studied the effect of ascorbic
acid on growth and yield of crops. El-Hifny and El-
Sayed (2011) reported that AsA at (400 mg/L) recorded
the highest values of growth attributes and total yield of
sweet pepper plant. In the same respect, Taha e al.
(2011) mentioned that foliar application of AsA led to
increasing lettuce plant fresh and dry weight. Also,
Esfahlan et al. (2013) studied the foliar application of
ascorbic acid (0, 10, and 20 mM) on purslane plant, the
results indicate that increase in ascorbic acid
concentrations improved vegetative growth and yield
characters. Shabana et al. (2015) found that, improving
plant growth parameters, fruit setting, fruit quality and
total yield of sweet pepper was done by using of
individual seaweeds extract, salicylic acid, vitamin E or
AsA and their mixed.

Therefore the aim of the present study was to
evaluate the response of spinach plants to foliar

application by ascorbic acid under different sources of
nitrogen fertilization

MATERIALS AND METHODS

Two field experiments were carried out in the
Experimental and Research unit, Faculty of Agriculture,
Mansoura University in the two winter seasons of 2015
and 2016 to study the impact of foliar application by
ascorbic acid (without, 150 and 300 ppm) under four
nitrogen fertilization sources (ammonium nitrate,
ammonium sulphate, calcium nitrate and urea) on
growth and yield of spinach plants (cv. Dash) using
surface irrigation system. Soil samples from the top
layer (0-30 cm depth) were collected randomly for
physical and chemical analysis before planting (Table

1).

Table 1. Physical and chemical characters during the both seasons of 2015 and 2016.

Seasons Silt Clay Sand Texture PH E.C Organic CaCO; N P K
% % % soil (dSm-1) matter % % ppm ppm ppm

2015 40.8 36.9 223 Clay loamy 8.22 1.63 1.99 3.27 52.9 6.2 286

2016 40.9 373 21.8 Clay loamy 8.17 1.68 2.04 3.31 53.3 6.3 279

Seeds of spinach were sown in dry soil on 20"
and 24™ of October in both seasons, respectively in hills
spaced 30 cm apart on two sides of ridges which were
(70 cm in width and 3 m length), Each sub plot included
five rows, seeds at 4 kg per fed used as equal quantity
for all experimental units and the plot area was 10. 5 m”.

Four different sources of nitrogen fertilization
( i.e. ammonium nitrate 33.5%N, ammonium sulphate
20.5%N, calcium nitrate 15.5%N and urea 46%N) were
applied at the same rate ( 60 units of nitrogen per fed.)
in equal dose, the first after 21 days after sowing and
second addition was carried out 21 days later.

Foliar application with ascorbic acid include
three levels (without, 150 and 300 ppm) were add two
times at 21 and 35 day after sowing by using 200 I/fed.
at the 1st and and 300 l/fed at the 2nd as spray solution
volume. Ascorbic acid was obtained from (Al-
Gombhoreya Co. for Chemical Industries, Mansoura,
Egypt).

All treatments received 30 kg P,Os and 25 kg
K,0 kg/ fed. as mono calcium super phosphate (15.5 %
P,0s), and potassium sulfate (50 % K,0), respectively.
Mono calcium super phosphate was added during
preparation of the soil and potassium sulphate was
added at one dose on the first irrigation time.
Experimental design:

A complete randomized blocks design with three
replicates was used in a split plots experiment.
Treatments of sources of nitrogen fertilization were
designation in the main plots, while foliar applications
with ascorbic acid were assigned in the sub plots.
Measurements:

Six plants were chosen at random from each sub
plot at 60 days after sowing to determine the following
parameters for the two seasons.

1- Vegetative growth attributes:

Plant height, plant fresh weight, leaves fresh

weight, leaves number and leaves area) per plant.

2 — Leaves chemical composition:

N, P and K percent, chlorophyll a, b, carotenoids
content were analysed according to AOAC (1990).

3 —Yield and its chemical quality:

Blades and petioles (fresh weight, dry matter %
and NO; content), Vit. C, TSS were -calculated
according to (AOAC, 1990), fertilizer use efficiency
(vield ton per fed. /nitrogen units), hill weight and yield
per fed (plants weight of hill x number of hills per fed.)
were also recorded.

Statistical analysis:

All data were statistically analyzed using the
analysis of variance according to Snedecor and Cochran
(1980). Least significant difference (LSD) at the
probability of 5 % was used due to the procedure
reported by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1- Vegetative growth attributes:

Data presented in Table 2 indicated that
vegetative growth criteria (plant height, plant fresh
weight, leaves fresh weight, leaves number and leaves
area per plant) were significantly affected by of nitrogen
forms treatments. It could be noticed that the highest
values of previous parameters were achieved in case of
urea treatment followed by calcium nitrate and the
reverse was true in case of ammonium nitrate treatments
in the two seasons.

These results may be urea form resulted in that
enhanced macro and micro nutrient uptake (zinc,
manganese and copper in shoots and similar trend was
observed in roots), increasing of stomatal conductance
and transpiration rate (Sabir et al., 2013). Ammonium
nutrition stimulates build-up of high levels of
polyamines which act as precursors of secondary
metabolites biosynthesis (Chen et al. 2011). Urea
nitrogen enters the plant either directly, or in the form of
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ammonium or nitrate after urea degradation by urease
enzyme resulted in producing ammonium. Ammonium
carries a positive charge which decrease the loss by
leaching and vice versa to nitrate. NH4-+-N assimilation
requires less energy than that of NO;™-N, it is usually
expected to be preferred by plants (Mirdad, 2009).

These results are in agreement with the findings
of Mirdad (2009) on spinach; Mirdad (2011) on parsley
and Sabir et al., (2013) on maize . On contrast, are not
in the same trend with results obtained by Kaymak,
(2013) who reported that ammonium sulphate form
recorded the highest plant height and yield of purslane.

Table 2. Impact of Foliar application with ascorbic acid after 60 days from planting on vegetative growth
characters of spinach under different sources of nitrogen fertilization during the two seasons of

2015 and 2016.
Plant height  plant fresh weight Leaves FW Leaves Leaves area
Treatments (cm). g / plant g / plant No/ plant (cm?) / plant
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Sources of nitrogen fertilization
Ammonium nitrate 374 379 30.0 30.8 26.4 27.1 10.7 10.8 281.7  288.6
Ammonium sulphate 40.8 41.6 32.7 335 28.8 29.5 11.9 12.2 302.7 309.8
Calcium nitrate 43.7 44.7 355 36.5 30.9 31.6 13.0 13.6 318.5 325.8
Urea 45.7 46.9 39.0 40.4 323 333 14.7 153 341.5 351.7
LSD 5% 2.7 2.8 3.9 3.8 1.9 2.0 1.7 1.5 15.8 16.6
Foliar application with ascorbic acid (ppm)
without 40.8 41.6 329 33.8 28.8 29.5 11.8 12.4 301.7 308.6
150 41.8 429 344 353 29.6 30.3 12.7 13.0 311.4 319.3
300 43.0 43.9 35.6 36.7 30.4 31.2 13.2 13.6 320.2 329.0
LSD 5% 1.9 1.6 3.0 3.3 1.3 1.5 N.S N.S 114 11.7
Interaction
Ammonium without 352 35.8 28.2 28.7 24.8 253 9.8 10.0 268.5 273.4
nitrate 150 37.9 38.9 304 31.2 26.8 27.5 10.8 11.1 284.7 291.8
300 39.1 39.1 314 324 27.7 28.5 11.5 11.5 291.7 300.5
Ammonium without 40.1 40.5 322 32.8 28.3 28.9 11.6 12.0 297.4 303.4
sulphate 150 40.2 413 323 33.1 28.5 29.1 11.8 12.0 302.0 309.6
300 42.0 43.1 33.7 34.6 29.7 304 123 12.6 308.5 316.5
without 429 43.9 344 352 303 31.0 123 133 313.9 321.1
Calcium nitrate 150 43.4 44.5 35.8 36.7 30.7 314 13.1 13.6 316.7 324.7
300 44.8 45.6 364 37.5 31.6 323 13.6 14.0 325.0 331.5
without 45.1 46.0 36.6 383 31.9 32.8 13.7 14.5 326.8 336.6
Urea 150 45.8 47.0 39.2 40.2 324 332 15.0 15.1 342.1 351.0
300 46.2 47.8 41.1 42.6 32.7 33.8 15.6 16.3 355.6 367.4
LSD 5% 3.8 3.3 6.1 6.6 2.7 3.0 2.8 23 22.8 233

As for the effect of spraying foliar application
with ascorbic acid (AsA), results in Table 2 show that
the attributes mentioned previously were significantly
affected by application of AsA. The maximum values of
these characters were achieved by application of AsA at
300 ppm in the two seasons. On contrast, the minimum
values were observed by using without AsA treatment.
This improvement in vegetative growth parameters
could be due to exogenously application of AsA
reducing or prevent the high activity of ROS. In
addition, it enhances cell division, cell wall expansion,
many other essential enzymatic and non-enzymatic
reactions, regulating plant growth and development,
Moreover, endogenous AsA has recently been
suggested to be basic in the regulation of developmental
senescence and plant defense against pathogens. Also, it
is very essential for the regulation of flowering,
photosynthesis and senescence and results in increasing
in gibberellins and cytokinins.

These results are confirmed with the results
obtained by Taha et al. (2011) on lettuce and Esfahlan
et al. (2013) on purslane.

The interaction between Sources of nitrogen
fertilization and spraying ascorbic acid showed that
spinach plants which fertilized with urea and foliar
sprayed by 300 ppm AsA were gave rise to the
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maximum values of all previous parameters. The
minimum values were noticed with ammonium nitrate
and without AsA in both seasons. These results were in
harmony with those obtained by Mirdad (2009) on
spinach; Shabana et al. (2015) on sweet pepper.
2- Leaves chemical composition parameters:

Results in Table 3 demonstrate that N, P, K,
chlorophyll a, chlorophyll b and carotenoids content
significantly affected by nitrogen forms. The urea form
recorded the highest values of the N, P and K
parameters followed by Ammonium sulphate. On
contrast, the lowest values were recorded by calcium
nitrate in the both seasons. On the other hand,
chlorophyll a, chlorophyll b and carotenoids gave the
maximum values by urea form followed by calcium
nitrate, on contrary, the minimum values were recorded
with ammonium nitrate.

These results may be urea form resulted in that
enhanced macro and micro nutrient uptake (zinc,
manganese and copper in shoots and similar trend was
observed in roots), increasing of stomatal conductance
and transpiration rate (Sabir et al., 2013). Ammonium
nutrition stimulates build-up of high levels of
polyamines which act as precursors of secondary
metabolites biosynthesis (Chen et al. 2011). Urea
nitrogen enters the plant either directly, or in the form of
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ammonium or nitrate after urea degradation by urease
enzyme resulted in producing ammonium. Ammonium
carries a positive charge which decreases the loss by
leaching and vice versa to nitrate. NH4'-N assimilation
requires less energy than that of NO;™-N, it is usually
expected to be preferred by plants (Mirdad, 2009) which
lead to uptake higher amounts of nutrient such as N
which are essential for chlorophyll pigments synthesis.
Similar results were obtained by Sabir et al. (2013) on
maize and Alderfasi et al. (2015) on spinach. On
contrary, Fouda (2017) on tomato found that the
maximum N.P.K and chlorophyll pigments content were
recorded with ammonium sulphate form.

Data in Table 3 indicate that mentioned attributes
were significantly increased in the two seasons by
increasing AsA level. The high level of ascorbic acid
300 ppm registered the biggest values followed by 200
ppm. On contrary, minimum values of previous
attributes were recorded by using the control of AsA in
both seasons. These results may be due to exogenously
application of AsA reducing or prevent the high activity
of ROS. In addition, it is enhances cell division, cell
wall expansion, many other important enzymatic, non-

enzymatic reactions, increases gibberellins and
cytokinins formation, ion uptake and membrane
permeability. Also, AsA probably prevents chlorophyll
oxidase enzymes therefore it will be inhibiting
chlorophyll breakdown which cause increasing in
photosynthesis. These results were conformity with
those reported by El-Hifny and El-Sayed (2011) on
sweet pepper Ismail et al. (2014) on Bitter lupine.

As for the interaction between sources of
nitrogen fertilization and spraying ascorbic acid, data in
Table 3 clear that the interaction combinations
treatments significantly affected the previous criteria,
the greater values of N, P and K parameters were
obtained by using urea form combine with 300 ppm of
AsA, but, the smallest values were observed with
calcium nitrate and without AsA in both seasons. On the
other hand, chlorophyll a, chlorophyll b and carotenoids
gave the maximum values by urea form with 300 ppm
of AsA. On contrary, the minimum values were
recorded with ammonium nitrate combined with without
AsA. Mirdad (2011) on parsley, Alderfasi et al. (2015)
on spinach were found similar results.

Table 3. Impact of Foliar application with ascorbic acid after 60 days from planting on N, P, K percentage
and pigments in leaves of spinach under different sources of nitrogen fertilization during the two

seasons of 2015 and 2016.

0, 0,
Treatments N% P %

K % Chl. a Chl.b Carotenoids
° mg/100 FW mg/100 FW  mg/100g FW

S1 S2 S1 S2

S1 S2 S1 S2 S1 S2 S1 S2

Sources of nitrogen fertilization

Ammonium nitrate 2.56 262 0324 0331 279 2.88 111.0 1143 538 551 334 342
Ammonium sulphate 267 281 0337 0346 290 3.02 121.0 1238 57.7 590 378 387
Calcium nitrate 240 245 0303 0.310 2.62 267 1296 1325 62.1 63.6 415 425
Urea 288 296 0359 0.369 3.10 321 1356 139.7 652 67.1 442 46.0
LSD 5% 0.0l 0.02 0.002 0.005 0.02 0.08 8.1 6.8 3.9 3.6 3.5 33
Foliar application with ascorbic acid (ppm)
without 2.56 264 0322 0330 277 2.86 121.1 1239 58.1 595 378 387
150 2.62 270 0331 0339 286 295 1241 1277 59.7 612 392 40.1
300 270 278 0.340 0.349 293 3.02 1277 131.1 613 629 407 422
LSD 5% 0.0l 0.03 0.001 0.004 0.03 0.06 5.6 4.8 2.7 2.6 2.4 2.6
Interaction
Ammonium without 2.51 2.55 0317 0.323 2.74 2.79 1044 1063 51.1 520 305 31.1
nitrate 150 258 2.64 0326 0334 281 291 1125 117.0 540 554 341 349
300 259 2,67 0328 0337 282 293 1161 1196 563 580 356 367
Ammonium without 2.61 279  0.330 0.341 2.85 294 1189 1213 568 580 369 376
sulphate 150 268 281 0339 0.348 292 3.06 1194 1224 570 585 371 380
300 273 2.84 0342 0350 294 3.07 1245 1278 59.1 60.7 393 403
without 2.33 238 0295 0.301 254 2.60 1273 1302 599 612 405 414
Calcium nitrate 150 239 245 0302 0310 2.61 267 1287 1319 626 642 41.1 422
300 248 253 0314 0320 271 276 1329 1355 640 653 43.0 438
without 2.79 2.87 0.345 0356 298 3.12 1338 1378 648 66.7 434 447
Urea 150 284 291 0355 0.364 3.10 3.18 1359 1395 65.1 668 443 455
300 3.01 3.11 0376 0388 324 335 1372 1417 657 679 449 480
LSD 5% 0.02 0.06 0.003 0.008 0.05 0.12 113 9.7 5.4 5.2 4.9 5.1

3- Yield and its chemical quality:

Obtained data of Table 4 revealed that fresh
weight, dry matter % and NO3 content of blades and
petioles of spinach leaves were affected significantly by
nitrogen form. It is clear from the data that application
of urea form gave the best results for the greater of fresh
weight and dry matter % of blades and petioles of
spinach leaves. And vice versa by using ammonium
nitrate form. On other hand, It could be noticed that the
lowest nitrate values were achieved in case of urea

treatment and the reverse was true in case of ammonium
nitrate form treatments in both blades and petioles of
spinach leaves.

Such increases in case of urea form resulted in
that enhanced macro and micro nutrient uptake (zinc,
manganese and copper in shoots and similar trend was
observed in roots), increasing of stomatal conductance
and transpiration rate (Sabir et al., 2013). Ammonium
nutrition stimulates build-up of high levels of
polyamines which act as precursors of secondary
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metabolites biosynthesis (Chen et al. 2011). Urea
nitrogen enters the plant either directly, or in the form of
ammonium or nitrate after urea degradation by urease
enzyme resulted in producing ammonium. Ammonium
carries a positive charge which decrease the loss by
leaching and vice versa to nitrate. NH4+-N assimilation
requires less energy than that of NO;™-N, it is usually
expected to be preferred by plants (Mirdad, 2009). In
addition, imbalance between nitrate absorption and
reduction by nitrate reductase enzyme in plants caused
nitrate accumulation in both blades and petioles of
spinach leaves and when nitrate answer the supply in
soil, plants usually absorb much more nitrate than they
can reduce (Wang et al., 2008). Nitrogen as 60 units in
this study may be the optimum dose which leads to
scarcity of nitrate accumulation.

These results are in agreement with the findings
of Mirdad (2009) and Alderfasi ez al. (2015) on spinach.
On the other hand, Rabie et al. (2014) reported that the
maximum leaves fresh weight and the minimum of
nitrate content were registered with ammonium nitrate
form on spinach.

As for effect of ascorbic acid, data shown in
Table 4 indicated that the influence of the higher level
of ascorbic acid gave the maximum values of the
previous parameters except NO; content in both blades
and petioles of spinach leaves in both seasons. On

contrary, the minimum values of these parameters were
observed with without ascorbic acid in the two seasons
except NO; content in both blades and petioles of
spinach leaves in the two seasons. This may be
attributed to exogenously application of AsA reducing
oxygen free radicals or prevent the high activity of
ROS. In addition, it is enhances cell division, cell wall
expansion, many other important enzymatic, non-
enzymatic reactions, increases gibberellins and
cytokinins formation, ion uptake and membrane
permeability. Also, AsA probably prevents chlorophyll
oxidase enzymes therefore it will be inhibiting
chlorophyll breakdown which cause increasing in
photosynthesis. Taha et al. (2011) on lettuce and
Shabana et al. (2015) on sweet pepper confirmed these
results.

Respect to the interaction between nitrogen form
and spraying ascorbic acid, the results showed that the
combination consists of urea form and 300 ppm of AsA
gave the highest values of all mentioned characteristics
except NO; content. On contrary, the lowest values
were recorded in case of ammonium nitrate form
treatments and without AsA except NO; content in both
blades and petioles of spinach leaves in the two seasons.
These results were in accordance with those reported by
Mirdad (2011) on parsley; El-Hifny and El-Sayed
(2001) on sweet pepper; Sabir et al. (2013) on maize.

Table 4. Impact of Foliar application with ascorbic acid after 60 days from planting on Fresh weight dry
matter % and NO; content of blades and petioles of spinach leaves under different sources of
nitrogen fertilization during the two seasons of 2015 and 2016.

Blades Petioles
Treatments Fresh weight Dry NO; Fresh weight Dry NO;
g / plant matter % mg/ kg D.W. g / plant matter % mg/ kg D.W.
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Sources of nitrogen fertilization
Ammonium nitrate 1.6 119 10.10 1036 1162 119.1 148 152 520 534 1641 1694
Ammonium sulphate 126 129 11.06 1134 857 878 161 165 6.04 6.18 1245 127.6
Calcium nitrate 135 138 1190 12.18 103.0 99.8 173 177 6.78 694 1441 1464
Urea 141 146 1248 1236 384 394 181 186 722 744 517 530
LSD 5% 0.8 0.8 0.78  0.80 2.1 2.5 1.0 1.1 0.58 0.6 1.0 1.5
Foliar application with ascorbic acid (ppm)
without 126 129 10.08 11.34 963 948 16.1 165 6.04 6.18 133.1 136.1
150 129 133 1138 11.66 826 847 166 170 630 646 1180 1209
300 133 137 11.72 12.04 786 80.0 170 175 658 6.76 1122 1152
LSD 5% 0.5 0.7 0.54  0.56 14 1.5 0.7 0.8 046  0.48 1.2 1.4
Interaction
Ammonium without 109 11.1 946 9.64 127.1 1309 139 142 460 4.68 1809 1864
nitrate 150 11.7 120 1226 1052 1121 1149 150 154 542 554 159.1 163.1
300 12.1 125 1060 1092 1095 1114 155 159 6.60 578 1522 158.8
Ammonium without 124 127 1088 11.10 91.1 939 159 162 586 598 1352 1392
sulphate 150 125 128 1092 1120 851 872 159 163 590 6.04 121.1 1242
300 130 133 1142 11.70 808 822 166 170 634 652 1172 1193
without 133 13.6 11.68 1194 117.1 103.3 170 174 658 6.74 1542 1549
Calcium nitrate 150 134 138 11.82 1212 982 1007 172 17.6 6.72 6.88 141.1 144.6
300 139 141 1222 1246 937 954 177 181 7.04 7.18 137.1 139.6
without 140 144 1230 12.68 498 512 178 184 7.16 738 622 64.1
Urea 150 142 146 1252 1284 351 359 181 186 722 740 506 518
300 143 148 1264 13.06 304 309 183 189 730 754 424 431
LSD 5% 1.1 14 1.08 1.12 2.8 2.9 1.5 1.6 094 0.98 2.4 2.8

4- Yield and its chemical quality

Data presented in Tables 5 illustrate that Vit. C,
TSS, fertilizer use efficiency, hill weight and yield per
fed. were affected significantly by nitrogen form. The
urea form gave the highest values of the mentioned

attributes followed by calcium nitrate. On the contrast,
the lowest values were observed by using ammonium
nitrate in both seasons.

These results may be attributed to urea form
resulted in that enhanced macro and micro nutrient
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uptake (zinc, manganese and copper in shoots and
similar trend was observed in roots), increasing of
stomatal conductance and transpiration rate (Sabir et al.,
2013). Ammonium nutrition stimulates build-up of high
levels of polyamines which act as precursors of
secondary metabolites biosynthesis (Chen et al. 2011).
Urea nitrogen enters the plant either directly, or in the
form of ammonium or nitrate after urea degradation by
urease enzyme resulted in producing ammonium.
Ammonium carries a positive charge which decreases
the loss by leaching and vice versa to nitrate. NH,"-N
assimilation requires less energy than that of NO;™-N, it
is usually expected to be preferred by plants (Mirdad,
2009) which lead to uptake higher amounts of nutrient
such as N which are essential for chlorophyll pigments
synthesis. which reflected positively to increases of
leaves area and leaves fresh weight (Table 2 and 3), It
could be a great impact vegetative growth and yield.
Similar results were reported by Mirdad (2009) and
Alderfasi et al. (2015) on spinach. On contrary,
Ghoname et al. (2009) on hot pepper mentioned that
ammonium nitrate form recorded the highest values of
fruit yield and quality.

Spraying of ascorbic acid on spinach plants are
indicated in Tables 5. Data revealed that, the mentioned
criteria were increased compared to the control. The
biggest values of these attributes were noticed with

ascorbic acid at 300 ppm, in both seasons. On contrast,
the smallest amounts of previous parameters values
were registered by application of without acorbic acid
treatment in the two seasons. This improvement in the
yield and its component of spinach may be attributed to
exogenously application of AsA reducing or prevent the
high activity of ROS. In addition, its enhancement cells
division, cell wall expansion, many other important
enzymatic, non-enzymatic  reactions,  increases
gibberellins and cytokinins formation, ion uptake and
membrane permeability. Also, AsA probably prevents
chlorophyll oxidase enzymes therefore it will be
inhibiting  chlorophyll breakdown which cause
increasing in photosynthesis, leaves area and leaves
number (Table 2 and 3) which leads to an increasing in
yield and quality. These finding are similar to those
obtained by Esfahlan ef al. (2013) on purslane and
Ismail et al. (2014) on bitter lupine.

Results in Table 5 shows that, the interaction was
significant in the two seasons, the maximum values of
previous parameters were registered with combination
consist urea form and 300 ppm of ascorbic acid. On
contrary, the minimum values were noticed with
ammonium nitrate form and without ascorbic acid in
both seasons. Similar findings were recorded by Mirdad
(2011) on parsley; Alderfasi et al. (2015) on spinach
and Shabana et al. (2015) on sweet pepper

Table 5. Impact of Foliar application with ascorbic acid after 60 days from planting on yield and its chemical
quality of spinach under different sources of nitrogen fertilization during the two seasons of 2015 and

2016.
Vit. C mg/100g TSS fertilizer use efficiency Plants hill weight  Yield (ton)
Treatments F.W % (Kg per unit) g / hill per fed.
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Sources of nitrogen fertilization
Ammonium nitrate 60.6 62.1 4.56 4.67 210 215 315 322 12.60 1291
Ammonium sulphate 66.1 67.6 5.11 5.23 229 235 344 352 13.77 14.10
Calcium nitrate 70.8 72.4 5.8 5.71 241 248 362 372 1451 14.89
Urea 74.1 76.3 6.02  6.19 271 281 407 421 1630 16.88
LSD 5% 44 4.1 0.41 0.26 16 19 25 28 1.01 1.15
Foliar application with ascorbic acid (ppm)
without 66.1 67.7  5.11 5.23 228 235 343 352 1373 14.11
150 67.8 69.5 528 541 238 244 358 367 1432 14.68
300 69.7 71.6  5.55 5.71 247 254 371 382 14.85 1529
LSD 5% 3.1 2.8 032 025 14 16 22 23 0.88  0.93
Interaction
Ammonium without 57.0 580 420 428 202 205 303 308 121 1235
nitrate 150 61.4 63.0 4.65 4.76 208 213 313 320 125 12.84

300 63.4 653 484 499 219 225 329 338 13.1 1355
Ammonium without 65.0 66.3 502  5.10 224 228 336 342 134 13.71
sulphate 150 65.2 669 502 515 231 237 347 356 139 1424

300 68.0 69.8 530 544 233 239 349 358 1398 1435

without 69.5 71.1 545 558 234 239 350 358 14.03 1435
Calcium nitrate 150 70.3 720  5.53 5.67 242 248 363 372 1454 1491

300 72.6 740 576 587 249 256 373 385 1495 1540

without 73.0 752 5.8l 5.98 255 267 382 400 1531 16.04
Urea 150 74.2 762 592  6.08 271 278 407 418 1631 16.73

300 74.9 774 632 652 288 297 432 446 1729 178
LSD 5% 6.2 5.6 0.64 0.1 29 31 44 47 1.76 1.87
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