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ABSTRACT: A field experiment was carried out to study the effect of spraying ascorbic and citric
acids on canola grown on a sandy soil in Ismailia Governorate, Egypt, the design was a randomized
complete block, factorial. Factor 1: ascorbic acid spray at 4 rates. Factor 2 : Citric acid spray at 4 rates
. Rates in each were 0, 144, 192 and 240 g acid ha' of spray. Thus there were 16 different
combinations. Foliar spray was applied three times: 40, 60 and 80 days from sowing, each of 1000 L
ha'. Yields of seeds, pods, shells, oil and oil percentage were increased with increasing the rate of acid
addition. Seed yield, No. seeds pod™, pod yield and pod shelling were increased with addition rates of
240 g solution ascorbic ha™ without citric acid. Shell yield and 1000 seed weight were increased with

spraying 240 g ha™ from both of ascorbic and citric acid.

Key words: Canola, ascorbic acid , citric acid foliar spray.

INTRODUCTION

The oil seed industry is one of the most
rapidly  growing  agricultural  enterprises
globally, in particular, in semi-tropical and
tropical agricultural regions, providing highly
nutritious human food and animal feed. Several
conventional and non conventional oilseed crops
are grown including palm, olive, cotton
sunflower, peanut, canola, sesame, sunflower,
Jojoba, and soybean among others ( Scarisbrick
and Daniels1986).

Oil consumption in Egypt has increased at a
very rapid rate in the past decade along with the
growing population and higher consumption
patterns. Egypt imports more than 95% of its
consumption of vegetable oil.

Canola (Brassica napus cv. Global) is one of
the most important oil crops and an important
source of vegetable oil extraction after palm oil
and soybean oil. Its cultivation is suitable for
newly reclaimed marginal land where there is no
competition with traditional crops, with salinity
up to 7000-8000 mg kg™ (Alivand et al., 2013).
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Canola seeds contain 40-45% oils (6%
saturated fatty acids and 94% unsaturated fatty
acids). Canola oil is used in human nutrition in
many countries of the world such as Canada,
Europe, America and Japan. For example, in
Canada canola oil accounts for 63% of all
vegetable oils, while soybeans account for 24%
and sunflower oil only 4% (Sector Profile,
1988).

Canola oil is the fifth largest crop in terms of
world trade, preceded by rice, wheat, maize,
cotton . It is the third export crop in Canada after
wheat and barley. Hybrid rapeseed plants are
among the crops of ancient civilizations in Asia
and the Mediterranean. It was introduced to
China and Japan from India (Hougen and
Stefansson, 1983).

However, its oil may contain high Erucic
fatty acid. Erucic acid is a monounsaturated
omega-9 fatty acid, produced with other fatty
acids in many plants especially Brassica plants
genus. For industrial purposes and production of
erucic acid, rapeseed is used; for food purposes
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a 'low-erucic acid rapeseed' has been developed,
which contains fats derived from oleic acid
instead of erucic acid (Dolatabadian at al.,
2009; Downey, 1983).

Erucic acid is produced by elongation of
oleic acid via oleoyl-coenzyme A and malonyl-
CoA. It is broken down into shorter-chain fatty
acids by the long-chain acyl CoA dehydrogenase
enzyme. Oil, (rapeseed canola-equivalent oil) is
regulated to a maximum of 2% erucic acid by
weight in the USA and 5% in the EU with
special regulations for infant food (FAQO, 1987).

The oil production can be increased horizontally
by increasing the allotted area to canola in the
new lands and vertically by increasing the
productivity per hectare (Weiss, 1983).

Ascorbic and citric acid have a simulative
effect on plant growth and development. Givan
(1979) reported that ascorbic acid is a product of
D-glucose metabolism which affect nutritional
cycles activity in higher plants and plays an
important role the in electron transport system.

Miernyk and Trelease (1981) found that
citric acid is one of the organic acids presented
in tricarboxylic acid cycle. Malik and Singh
(1982) and Nofal (1990) and El-Sayed et al.
(2006) found that ascorbic acid increases organic
acids excreted from the root into the soil and
consequently increases the solubility of most
nutrients.

MATERIALS AND METHODS

A Field Experiment was Conducted in Abu-
Sueir area, Ismaelia Governorate, Egypt. The
experiment concerned in evaluation the response
of canola (Brassica napus cv. Global) to
spraying with ascorbic acid and citric acid.

Soil samples were collected from the
experimental field at a depths of (0-30 and 30-
60) for determining the main physical and
chemical properties (Table 1) according to the
methods outlined by Black et al. (1965). The
desing of each experiment was a randomized
complete block (3 replicates) factorial with 2
factors. The plot area was 21 m” The 1%
experiment was carried during 2017 season. The
seeds were sown on 15" October 2017 for 1*

experiment. Three seeds were planted in each
hill 10 cm apart and 30 cm row spacing.

The study inoculated two factors. Factor 1:
Ascorbic acid rates of spraying at 0, 144,192
and 240 mgL™ concentration. Factor 2: Citric
acid spray at the same concentrations of ascorbic
acid. Spraying was done three times, 40, 60 and
80 days after seeding. Total treatment
combinations was 16; executed in 3 replicates,
plot area was 21 m® (3x7). Rate of spray each
time was 1000 L ha™. All plots received N, P
and K at 144, 30 and 180kg ha™', respectively.
Sources were ammonium nitrate, triple super
phosphate and K. sulphate, respectively. Rates
of ascorbic acid are designated as, Ay, A, A,
and A; while as those of citric acid are C, C;, C,
and C;.

Methods of Analyses

Mechanical analyses of the soil and CaCO;
content were carried out as described by Piper
(1950). Soil pH, EC and organic matter were
carried out as described by Jackson (1965).

Total nitrogen in plant was determined by the
Kjeldahl method, and phosphorus was
determined in the extracts or digests using a
colorimetric method of the ascorbic acid method
(Murphy and Riley, 1977). Potassium was
measured by flame-photometer. Oil in seeds was
determined using the soxhelt apparatus with
N-hexane as solvent due to Deyoe and
Shellenberger (1965) as well as AOAC (1990).

RESULTS AND DISCUSSION

Canola seed yield, shell and pod yields are
shown in Table 2. There were positive effects
due to foliar spray with each and both acids. The
non foliar spray Ay C, gave 1.87 Mg seed yield
ha™'. All other treatments treated with ascorbic
acid or citric acid or both, gave increases in seed
yield. Other treatment gave increases of 14.97%
by Ay C; to 104.3 % by A, Cs. This indicates the
high efficiency of citric acid at the highest rate
applied. Main effects for citric acid shows a
pattern of C; > C, > Cy > C,. Main effect of
ascorbic followed the order A; > A; > Ay > A,.

The main effect of citric acid and ascorbic
acid rate shows progressive increase with the
increase in the rate of addition. However the
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Table 1. Physical and chemical properties of the studied soil

Partical Soluble ions Available micronutrient
. . . -1
distribution SO . (mmole L) (mg kg™)
Y] "o i
=11) =< * E
S 8¢ ¢ ; T 2 .
- < 2 Q &) R + ! Om - e © = S =
T 253 S ° = 8722 ggog = N=C
& © T F
93.652.75 3.6 Sand 2640 1550 7.1 1.538 5 5 15 38 0.00 5 15 43 8.4 0.390.26 0.13

* pH in (1:2.5) soil :water suspension ; ** EC and soluble ions at (soil paste extract).

effect was more positive with citric acid over
ascorbic acid since increases by C,; to C; over C,
and by A, to A; over A0 (Mujahid, 2017).

Shell Yield

As for shell yield, the non foliar spray A, Cy
gave 2.10 Mg shell yield ha™, at the highest rate
of Az C; the shell yiled was as high as 3.66 Mg
ha™'. All other treatments given ascorbic acid or
citric acid or both gave increases except A,C,
which decreased shell yield by 0. 9%. Other
treatment gave increases of 15.71% by A, C,; to
60.48% by Ay C; .Main effects for citric acid
shows a pattern of C; > C; > C, > C, increased
shell yield. Main effect of ascorbic asid was as
follow: A3 > A] > A() > Az (Table 2)

The main effect of citric acid and ascorbic
acid rate shows progressive increase with the
increase in the rate of addition. Increases by C;,
C, and C; were 15.81, 3.56 and 19.76%,
respectively. The increases by A; to A; over Ay
gave an average 0.36 to 5.40%, respectively,
except A, caused decreasing by 6.47%. These
results are agrement with those obtained by
El-Sabagh et al. (2017).

Pod Yield

The non foliar spray A, C, treatment gave
3.89 Mg pod yield ha™, as compared to 7.30 Mg
ha™ by A; C; treatment. Other treatments gave
increases of 17.48% by A, C; to 84.83% by A,
C; (Table 2).

The main effect of citric acid and ascorbic
acid rate shows progressive increase with the
increase in the rate of addition. The increases by
C,, C, and C; give an averages of 13.47, 1.98
and 20.00%, respectively, while then increases

by A; to A; over Ay were gives 4.29 and 11.38%
respectively, except for A, which cused
decreasing by 5.41%.

Shelling (%)

The non foliar spray Ay Cy gave 48.07% and
at highest rate gave 53.14% by A, C;, while the
other treatment given an increases of 9.81% to
10.55%, respectively (Table 3).

The main effect of ascorbic acid rate shows
progressive increase in shelling (%) with the
increase in the rate of addition. The pattern of
increases by A; to A; over A, give an averages
increases of 4.33, 1.14 and 5.81%, respectively.

No. of seeds pod™

Regardling number of seeds pod” (Table 3)
Results show that the non foliar spray A, Cy
gave 25 seeds, the highest No. seeds pod™ (31.0)
was obtained by A, C;. The effect of foliar
spraying with different rates of citric acid gave
increases of 4.0% by C; and 24% by C; while
decreased by 4.0% when plants sprayed by C,.
(Table 3).

The main effect of ascorbic acid spraying
rate shows progressive decrease with the
increase of addition rates. This indicates that the
decreases by A; to A; as compared to A, gave
an averages 1.89, 3.77 and 3.77%, respectively.

1000 - Seed weight

As for 1000 seed weight the non foliar spray
Ay Cy gave 3.88 g seeds while, at the highest
rate of spraying (A;C;), 1000-seed weight
vaulted as much as 4.58 g.
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Table 2. Seed, shell and pod yields of canola (Mg ha™) as affected by foliar spraying with
ascorbic acid and citric acid

Concentration of Concentration of ascorbic acid spray solution (A)

citric acid spray

solution (C) (A)) (A) (A) (Aj) Mean (A)) (A) (A;) (A;) Mean (A)) (Ap) (A;) (A;) Mean
Seed yield Shell yield Pod yield

Co, 1.87 3.14 238 2.79 2.55 2.10 291 2.43 2.66 2.53 3.89 6.04 4.81 5.45 5.05
C, 2.15 3.11 330 2.68 2.81 2.43 332 3.30 2.66 2.93 4.57 643 6.60 533 5.73
C, 2.58 243 2.10 3.06 2.55 3.20 2.51 2.00 2.74 2.62 5.78 490 4.10 5.81 5.15
C; 3.82 259 2.09 3.64 3.04 337 241 2.65 3.66 3.03 7.19 5.00 4.75 7.30 6.06

Mean 2.61 2.82 247 3.04 273 2.78 279 2.60 2.93 2.78 5.36 5.59 5.07 5.97 5.50
LSD 5% A 0.315 0.407 0.711

B 0.315 0.407 0.711

AB NS NS 1.443

Ao, Ay, Ay, and A; are ascorbic acid addition rates i.e., 0.144, 192 and 240mg L
Cy, Cy, C, and C; are citric acid addition rates i.e., 0.144, 192 and 240mg L

Table 3. Shelling (%), No. of seeds pod™ and 1000 seed weight (g) of canola as affected by foliar
spraying with ascorbic acid and citric acid

Concentration of Concentration of ascorbic acid spray solution (A)

citric acid spray

solution (C) (A) (A) (A) (A) Mean (A) (A) (A) (A) Mean (Ag) (A) (Ar) (A;) Mean
Shelling (%) No. of seeds pod™ 1000 - seed weight

Co 48.07 52.01 49.62 5133 5026 25 25 24 24 24 388 397 3.81 407 393
C; 47.13 4838 50.03 50.06 4890 26 25 25 25 25 348 3.61 3.84 2.84 3.68
C, 44.56 48.89 51.39 5288 4943 24 30 28 27 26 4.00 397 3.26 430 3.88
C; 53.14 52.05 44.09 49.83 49.78 31 24 25 26 27 3.54 393 3.88 458 3.65

Mean 4823 50.32 48.78 51.03 49.59 27 26 26 26 26 3.73 3.87 3.70 3.95 3.79
LSD 5% A 1.594 2.48 0.157

B 1.594 2.48 0.157

AB 3.232 5.04 0318

Ao, A1, Ay, and Aj; are ascorbic acid addition rates i.e., 0.144, 192 and 240mg L
Co, Cy, C, and C; are citric acid addition rates i.e., 0.144, 192 and 240mg L
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Nitrogen Concentration

Canola N concentration (%), uptake and
protein are shown in Table 4. There were
positive effects due to foliar spray with each and
both acids. The non foliar spray Ay C, gave
10.13 N (%). All other treatments treated with
ascorbic acid or citric acid or both gave
increases in N (%). Other treatments gave
increases of 5.15% by Ay C; to 11.68 % by A,
C;. This indicates the high efficiency of citric
acid at the highest rate applied. Main effects for
citric acid shows a pattern of C; > C,> C;> C, .
Main effect of ascorbic followed the order A; >
AO > A2 > A].

The main effect of citric acid and ascorbic
acid rate shows progressive increase with the
increase in the rate of addition. However the
effect was more positive with citric acid over
ascorbic acid since increases by C; to C; over C,
and by Ay to Az over A and A,.

Nitrogen Uptake

As for N uptake (Table 4). There were
positive effects due to foliar spray with each and
both acids. The non foliar spray Ay C, gave
18.94 (kg N uptake ha™). All other treatments
treated with ascorbic acid or citric acid or both
gave increases in N uptake. Other treatments
gave increases of 17.51% by Ay C; to 56.78 %
by Aq Cs;. This indicates the high efficiency of
citric acid at the highest rate applied. Main
effects for citric acid shows a pattern of C; > C,
> C;> Cy. Main effect of ascorbic followed the
order A] > A3 > A2 > Ao.

The main effect of citric acid and ascorbic
acid rates showed progressive increase with the
increase in the rate of addition. However the
effect was more positive with citric acid over
ascorbic acid since increases by C; to C; over C,
and by A; to A; over A,.

Protein Content in Seed

As for Protein content in seed (Table 4).
There were positive effects due to foliar spray
with each and both acids. The non foliar spray
Ao Co gave 18.94 (kg N uptake ha™). All other
treatments treated with ascorbic acid or citric
acid or both gave increases in protein content in
seed. Other treatments gave increases of 4.86%
by Ay C; to 11.69 % by A, Cs. This indicates the

high efficiency of citric acid at the highest rate
applied. Main effects for citric acid showed a
pattern of C;>C,>C,>C,. Main effect of ascorbic
followed the order A;>Ay>A>A,.

The main effect of citric acid and ascorbic
acid rates showed progressive increase with the
increase in the rate of addition. However the
effect was more positive with citric acid over
ascorbic acid since increases by C; to C; over C,
and by Ay to A; over A,

The main affect of citric acid addition rates
gave a decreases of 10.3 and 8.76% with C; and
C;, respectively and gave 3.09% increase by
spraying with C, (Table 4). The main effect of
ascorbic acid addition rate showed progressive
increases with the increase in the rate of
addition. The increases by A, to A; over A, gave
an average increases of 3.75 and 5.9%,
respectively, except A, given an average decreases
0f0.80%.

The effect of foliar spray with ascorbic acid
was positive (Hoseini ef al., 2014).

Oil Yield

Concerning to, oil yield. Results revealed
that, the non foliar spray A, C, treatment gave
0.80 Mg ha™, while at the highest rate of spraying
(A3C;) oil yield increased and amounted as
much as 1.78 Mg ha™'. The increases obtained by
spraying with different rates of citric acid were
17.50% by C, to 122.5% by C; (Table 5).

The main effect of ascorbic acid rate shows
progressive increase with the increase in the rate
of addition and followed the pattern of A; > A;
> Ap> A,, given increases by A; to A; over Ay
by 7.76 and 10.35%, respectively, except A,
gave 1.72% decrease.

QOil Percentage

As for oil percentage (Table 5). The non
foliar spray Ay C, gave 42.78 % oil and lowest
value 41.72% was obtained due to treatment of
A; Cy, The highest value of oil percentage
(52.1%) was obtained when the plants treated
with A; C; which gave an increase of 21.7% as
compared with Ay Cy treatment. The main effect
of spraying with citric acid gave increases of
3.92% by C,, 6.45% by C, and 12.4% by C;.
acid or both gave increases. Other treatments
gave increases of 2.36% by A, C; to 8.86% by
Ay C;. At the highest rate there was no significant
differences between the tow sources (Table 5).
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Table 4. Nitrogen concentration (%) and uptake (kg ha™) and protein (kg ha™) of canola
by ascorbic acid and citric acid foliar spray

as affected

Concentration of Concentration of ascorbic acid spray solution (A)

citric acid spray

solution (C) (Ag)) (A1) (A7) (As) Mean (Ag) (A1) (A7) (A3) Mean (Ag) (Ay) (Ay)

(As) Mean

N (%) N uptake

Cy, 10.13 948 996 10.25 9.96 18.94 29.77 23.71 28.60 25.40 63.3159.25 62.25

G
&)

10.68 9.84 10.08 10.80 10.30 22.96 30.60 33.27 28.95 28.94 66.75 61.5 66.96

11.21 11.40 11.69 11.91 11.52 28.92 27.70 24.55 36.45 29.38 70.0671.25 73.07

C; 1147 11.76 11.98 11.27 11.88 43.82 30.46 25.04 41.02 36.12 71.6973.50 74.88
10.87 10.66 11.33 11.16
A 0.315

B 0.315

AB NS

11.01 28.37 30.06 27.99 33.93 30.06 67.9466.63 70.81
0.407 0.711
0.407 0.711

NS 1.443

Mean

LSD 5%

protein

64.06 62.25

67.50 64.38

74.44 72.0

70.44 74.25
69.75 68.82

Ao, Ay, Ay, and A; are ascorbic acid addition rates i.e., 0.144, 192 and 240mg L
Co, Cy, C, and C; are citric acid addition rates i.e., 0.144, 192 and 240mg L

Table 5. Oil yield (Mg ha™) and oil percentage (%) of canola as affected by aapplication of ascorbic

acid and citric acid foliar spray

Rate of citric acid Concentration of ascorbic acid spray solution (A)

gha” (O) A)  (A)  (A) (A) mean (A (A (A2 (A;)  Mean
Oil yield Oil percentage
C, 080 131 1.04 1.26 1.10 42778 4172 4356 4533 4335
C, 094 136 1.53 1.24 1.27 43779 4387 4625 4639  45.08
C, 114 108 0.97 1.53 1.18 44.01 4465  46.21 50.03  46.23
C; 178 123 1.02 1.09 1.28 46.57  47.67  48.88 52.11 48.81
Mean .16 125 1.14 1.28 1.21 4429 4448 4623 4847 4586

Aq, A, Ay, and A, are ascorbic acid addition rates i.e., 0.144, 192 and 240 mg L'\,
Cy, Cy, C, and Cj are citric acid addition rates i.e., 0.144, 192 and 240 mg L

The main effect of ascorbic acid rate shows
progressive increase with the increase in the rate
of ascorbic acid addition and followed the order
of A>A>A¢>A, given an increases of 0.45,
4.29 and 9.48%, due to A;, A, and A;. Addition,
respectively.

Saponification Number

Canola saponification number, acidity
number and esterification number are shown in

Table 6. There were positive effects due to foliar
spray with each and both acids. The non foliar
spray Ay Cy gave 144.20 saponification number.
All other treatments treated with ascorbic acid or
citric acid or both gave increases in
saponification number. Other treatments gave
decreases of 9.17% by Ay C, and gave increases
18.81% by A; C, This indicates the high
efficiency of ascorbic acid at the highest rate
applied. Main effects for citric acid showed a
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pattern of C,;>Cy>C;>C,. Main effect of ascorbic
followed the order A, > Ay > Az > A,.

The main effect of citric acid and ascorbic
acid rate showed progressive increase with the
increase in the rate of addition. However the
effect was more positive with ascorbic acid over
citric acid since increases by C; over Cyand by
A, to A, over Ay and A;.

Acidity Number

As for acidity number (Table 6). There were
positive effects due to foliar spray with each and
both acids. The non foliar spray A, Cy gave 0.53
acidity number. All other treatments treated with
ascorbic acid or citric acid or both gave
increases in acidity number. Other treatments
gave increases of 81.91% by A, C; to 84.73%
by Ay C,. This indicates the high efficiency of
citric acid at the highest rate applied. Main
effects for citric acid showed a pattern of C, >
C, > C3>C,. Main effect of ascorbic followed the
order A2 > A3 > A1 > Ao.

The main effect of citric acid and ascorbic
acid rate showed progressive increase with the

increase in the rate of addition. However the
effect was more positive with citric acid over
ascorbic acid since increases by C; to C; over C,
and by A, to A; over A,.

Esterification Number

As for esterification number (Table 6). There
were positive effects due to foliar spray with
each and both acids. The non foliar spray A, Cy
gave 143.67 esterification number. All other
treatments treated with ascorbic acid or citric
acid or both gave increases in esterification
number. Other treatments gave decreases of
10.35% by Ay C, to 15.35 % by A, C, This
indicates the high unefficiency of citric acid at
the highest rate applied. Main effects for citric
acid showed a pattern of C; > Cy> C3> C,. Main
effect of ascorbic followed the order A, > A, >
A3 > A().

The main effect of citric acid and ascorbic
acid rate showed progressive increase with the
increase in the rate of addition. However the
effect was more positive with ascorbic acid over
citric acid since increases by C; to C; over C,
and by A; to A; over Aj,

Table 6. Oil content of canola as affected by aapplication of ascorbic acid and citric acid foliar spray

Concentration
of citric acid

Concentration of ascorbic acid spray solution (A)

©

spray solution () (A)) (A;) (A Mean (A (A) (A) (Aj) Mean (A) (A) (A

(As) Mean

Saponification number

Acidity number

Esterification number

Cy 14420 155.12 165.40 149.13 153.46 0.53 1.33 2.67 2.40 1.73 143.67 153.79 162.73 146.73 151.73

C, 15417 169.30 157.18 155.19 158.96 2.93 3.20 1.60 2.40 2.53 151.24 1.66.10 155.58 152.79 156.56

C, 13227 171.32 148.57 150.11 150.55 3.47 1.60 1.60 1.87 2.14 128.80 169.72 146.97 148.24 148.41

C; 14219 170.62 152.64 143.58 152.26 2.67 2.40 1.60 1.60 2.07 139.52 168.22 151.04 141.98 150.19

Mean

143.21 166.61 155.94 149.52 153.81 2.40 2.13 1.87 2.07 2.12 140.81 164.48 154.07 147.45 151.69
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