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RESPONSE OF GRAIN SORGHUM TO FOLIAR SPRAY WITH
ASCORBIC AND CITRIC ACIDS UNDER DIFFERENT RATES
OF NITROGEN FERTILIZER IN SANDY SOIL
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ABSTRACT

Two field experiments were carried out at Ismailia Agricultural Research

Station, during 2002 and 2003 seasons to study the response of short grain sorghum

variety (Dorado) to foliar spray with 500 ppm from ascorbic acid (A. A.), citric acid

(C.A.) and mixture of (A.A. + C.A.) as well as control (without spraying) under different

rates of nitrogen fertilizer i.e. 80, 100, 120 and 140 kg Nffed. in sandy soil conditions.

The resuits in these trials show that:

1. Increasing nitrogen fertilization rates from 80 to 120 kg Nffed. significantly
increased plant height, head weight, grain weight/head, number of kemels per
panicles and grain yield/fed. Whereas, adding 140 kg N/fed. recorded insignificant
decrease in these characters compared with plants received 120 kg N/fed. Total
chiorophyll in leaves, as well as protein, phosphorus and potassium percentages in
grains were increased gradually with increasing nitrogen rates from 80 to 140 kg
N/fed.

2. The foliar spray of grain sorghum plants with ascorbic and ‘citric acids gave the
highest values in plant height, head weight, grain weight/head, green weight/fed.
grain yield/fed. , total chlorophyll in leaves as well as protein, phosphorus and
potassium percentages in grains, whereas number of kernels/head gave maximum
value by spraying 500 ppm citric acid only.

3. The interaction effect between nitrogen fertilizations and ascorbic & citric acids
recorded significant effect on plant height, LAI, head weight, grain weight/head,
1000 kernel weight and grain yield/fed. Most of these characters gave the highest
values by adding 120 kg N/fed. and sprayed with mixture of A.A. and C.A. Also,
1000 kernel weight gave the highest value by adding 140 kg Nffed. without spray of
organic acids. Maximum values percentage of protein, phosphorus and potassium
in grains as well as total chlorophyll in leaves were extracted by adding 140 N/fed.
with spraying (A.A. + C.A.) mixture.

INTRODUCTION

Dorado is short variety of grain sorghum [Sorghum bicolor
(L.)Moench], which is successfully grown and high yielding in the newly
reclaimed soils (sandy and calcareous) in Egypt, such as Ismailia
Governorate. Dorado variety is considered a dual purpose crop grown for
grains and fodder. Nitrogen largely affects grain yield and quality of Dorado
variety especially under sandy soils conditions. The optimum dose of
nitrogen is very important to obtain the high yield without luxury consumption
of nitrogen fertilizers. Response of grain sorghum to nitrogen fertilization was
studied by many workers, Saba et al. ( 1990) at Kom Ombo Research Station,
achieved maximum grain yield of grain sorghum by using the highest nitrogen
rate of 100 kg N/fed. Eweis et al. (1992) at Nubaria Research Station, found
that the growth characters and yield components of Dorado variety were
significantly increased by increasing nitrogen fertilizer rates from 60 up 100
kg Nifed. Bashir et al. (1994) found that at Ismailia Research Station on
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Dorado variety, increasing nitrogen rates from 80 to 100 kg N/fed. increased
significantly grain weight per head, 1000 grain weight, grain yield / fed. as
well as protein yield per fed.  Eweis et al. (1998) reported that increasing
nitrogen fertilization on grain sorghum up to 100 kg N/ fed. significantly
increased leaf area index, fodder yield, grain weight/head, and 1000 grain
weight, number of grains/head, and grain yield/fed.

Ascorbic acid is synthesized in most of higher plants, and affects
plant growth and development. The precise steps in the biosynthesis of
ascorbic acid for glucose have been determined. Grun et al. ( 1982) reported
that ascorbic acid is a product of D-glucose metabolism which affects
nutritional cycle's activity in higher plants. They added that ascorbic acid
plays an important role in the electron transport system. It is a powerful
reducing agent and is reversible converted to dehydroascorbic acid, the
oxidized product:

Ascorbic acid ==——— dehydroascorbic acid + 2H"+2¢

A plant enzyme that catalyzes this reaction is the copper- containing
enzyme ascorbic acid oxidase.

Rabie and Negm (1992) found that grain yield of wheat plant was
slightly affected by ascorbic acid. Mohmoud, Mona (1994) reported that
both wheat and faba bean plants sprayed with 500 ppm ascorbic acid
showed significant positive effects on most of growth characters and yields.
Mousa et al, (1994) showed that the foliar application of ascorbic acid
significantly increased grain and straw yield of wheat. Hanna et al, (2001)
concluded that the foliar spray with 500 or 1000 ppm ascorbic acid
significantly increased plant height, number of tillers /m?, number of grains /
spike, grains weight/ spike, 1000 grain weight, straw weight / plant, number of
spikes/ m?, spike length, straw and grain yield/fed. of wheat plants compared
with untreated plants.

Citric acid is one of the organic acids presented in tri-carboxylic acid
cycle and synthesized either from acetyl-CoA, glycine and oo-keto-glutaric, or
malic acid conversion to citric acid (Miernyk and Trelease, 1 9817). Growth of
cotton, corn, lettuce, bean, pea and sunflower increased by organic acids of
external treatments especially succinic, citric and malic acids (Malik and
Singh, 1982 and Nofal et al, 1990).

The objective of this study is to evaluate the response of grain
sorghum to foliar spray of ascorbic and citric acids with different levels of
nitrogen fertilization under sandy soil condition.

MATERIALS AND METHODS

Two field “experiments were carried out at Ismailia Agricultural
Research Station, during the two growing seasons 2002 and 2003 to study
the response of short grain sorghum variety (Dorado) to ascorbic acid (A.A),
citric acid (C.A.) and nitrogen fertilization under sandy soil conditions. The
experiment was preformed under surface irrigation system in split plot design
with four replicates. The main plots were devoted to nitrogen fertilization

levels while the sub-plots included ascorbic and citric acids treatments. The
experimental treatments were as follows:-
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I. Nitrogen fertilization (main -plots):

1. 80 kg N/ fed.

2. 100 kg Nffed.

3. 120 kg N/ fed.

4. 140 kg N/fed.

Il. Ascorbic and Citric acids (sub-plots):

A. Untreated plants (control).

B. Foliar spray with 500 ppm ascorbic acid (A.A.).

C. Foliar spray with 500 ppm citric acid (C.A.).

D. Foliar spray with mixture of 500 ppm A.A. + 500 ppm C.A.

Sub-plot area was 3 X 3.5 m (1/400 fed.), each plot included five
ridges 60 cm apart. Sowing dates were in 17 and 28% June in 2002 and
2003 seasons, respectively. Planting was in hills spaced 20 cm apart.
Seedlings were thinned into two plants /hill after 20 days from sowing.
Agricultural practices were completed according to the usual methods being
adopted for grain sorghum plant. Nitrogen fertilizer levels in the form of
ammonium nitrate (33.5% N) were split into four equal doses, the first one
was added after thinning (20 days after sowing), while the other three doses
were added every 10 days. Phosphorus and potassium fertilizers at the rate
of 30 kg P,0s /fed and 24 kg K,O/fed in the form of calcium super-phosphate
(15.5% P,0s) and potassium sulphate (48% K;0), respectively, divided into
two equal doses, the first dose was added immediately after thinning and the
second after 10 days later. Ascorbic and Citric acids were sprayed two times
30 and 45 days after sowing with the volume of 400 liter/ fed. Some physical
and chemical properties of the experimental sites are shown in Table 1 and
were done according to Ryan et al (1996).

Table 1: Some physical and chemical properties of the experimental site
during the two growing seasons.

Properties Seasons

2002 2003
Particle size distribution
Coarse sand % 83.20 82.90
Fine sand % 10.30 15.60
Silt % 1.45 1.44
Clay % 5.05 5.06
Texture class Sandy Sandy
Organic matter% 0.22 0.25
CaCO3 % 0.47 0.49
pH (Soil paste) 7.70 7.50
EC ( m mhos/cm at 25° C) 0.12 0.11
\Available nutrients (ppm)
N 31 ' 255
P 5.3 71
K 85.0 69.0

At first and second seasons, after 60 days from sowing a fresh sample was
taken to determine total chlorophyll in leaves (mg/g) by using

Spectrophotometer according to Armon as cited by Bruinsama (1963) using
the following equation:-
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Total chlorophyil= 27.8 x Assz
Where as:-
Aess2= absorbance at 652 nm
27.8= constant.
Number of days to 50% flowering was recorded at flowering stage.
At harvest time (110 days after sowing), ten random guarded plants were
taken from certain row (the second row from the north in each plot) to
evaluate the following characters:-
1. Plant height (cm).
2. Leaf area index.
3. Head weight (g)
4. Grain weight /head (9)
5. Number of kernels /head.
6. 1000 kernel weight (g).
7. Green yield ton/fed.
8. Grain yield ard./ fed.

Mature grains of two seasons were subjected to chemical analysis to
determine protein, phosphorus and potassium content. The standard micro-
Kieldah! method as described by Pregl (1945) was used to determine total
nitrogen for calculating protein percentage in grains. Phosphorus was
determined colourmetrically according to Jackson ( 1973). Potassium was
estimated in digest material by flame-photometer (Chapman and Pratt, 1961).
Data were subjected to proper statistical analysis and the averages were
compared by L.S.D. as mentioned by Snedecor and Cochran (1967). Data
were discussed on the basic of combined analysis of the two seasons.

RESULTS AND DISCUSSION

1. Growth characters:-

a. Effect of Nitrogen fertilization: Results in Table 2 show that increasing
nitrogen fertilizer rates from 80 to 120 kg N/fed. increased plant height
significantly.  Whereas adding 140 kg Nffed. recorded insignificant
decrease compared with plants received 120 kg Nffed. In this respect
Latif et al (2000) found that increasing nitrogen fertilizer rates up to 100 kg
N/fed. to grain sorghum significantly increased plant height. It is worthy to
mention that nitrogen fertilization recorded insignificant effect on leaf area
index and number of days to 50% flowering.

b. Effect of ascorbic and citric acids: Data presented in Table 2 show
that foliar spray of grain sorghum plants with ascorbic acid or citric acid
increased significantly plant height compared with untreated plants. Such
positive response of sorghum plant to A.A. treatments may be due to its
activations of some enzymes which are important for regulating
photosynthetic carbon reduction (Helsper et al., 1982). Also, Miernyk and
Trelease (1981) found that citric acid as an organic acid presented in tri-
carboxylic acid cycle and synthesized either from acetyl- CoA, glycine and
o-ketoglutaric, or malic acid conversion to citric acid. It can be mention
that plant height reached its maximum when plants Sprayed with (C.A.).
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Sprayed plants with mixture of (AA. + C. A) increased plant height
compared with untreated plants or plants received (A.A.) only. These
results are in harmony with those reported by Anton et al (1999) on barley.
Whereas, such treatments recorded insignificant effect on leaf area index and
number of days to 50% flowering.
d.Effect of interaction: Data presented in Table 2 indicate that the
interaction between nitrogen fertilization and ascorbic & citric acids recorded
significant effect on plant height and leaf area index. Whereas, insignificant
effect was noticed on number of days to 50% flowering. The maximum value
of plant height was gained when plants treated with 120 kg N/fed. and
Sprayed with mixture of (A.A. + C.A). Whereas, the maximum value of leaf
area index was obtained when sorghum plants received 120 kg N/fed. and
sprayed with (C.A.).

2. Yield components:

Data presented in Table 3 show that the characters of yield
components such as head weight, grain weight /head, number of
kernels/head and 1000 kernel weight.

a. Effect of nitrogen fertilization: Results of Table 3 show that adding
nitrogen at any rate recorded significant effect on head weight, grain
weight/ head and number of kermnels/head. It can be noticed that the
addition of 100, 120 or 140 kg Nffed. significantly increased head weight
and grain weight/head compared with plants received 80 kg N/fed., with
maximum value in the case of 120 kg Nffed. = Whereas, treated grain
sorghum plants with 120 kg N/fed. significantly increased number of
kernels/head compared with plants treated with 80 kg N/fed. In this
connection, Latif et al. (2000) found that yield and yield components of
grain sorghum were improved by increasing nitrogen rate in the newly
reclaimed sandy soils.

b. Effect of ascorbic and citric acids: Results in (Table 3) indicate that
foliar spray of grain sorghum plants with (A.A.) and (C.A.) recorded
significant effects on grain weight/head and number of kernels/head. The
presented data show that spraying grain sorghum plants with (C.A) or
mixture of (ALAA. + CA) significantly increased grain weight/head
compared with untreated plants. Whereas, spraying plants with C.A. only
significantly increased number of kernels/head compared with control one.
In this respect, Hanna et al. (2001) found that the foliar spray with 500 or
1000 ppm ascorbic acid significantly increased number of grains/ spike
and grains weight/spike of wheat plants compared with untreated plants.
Also, Malik and Singh (1982) and Nofal et al. (1990) reported that yields of
cotton, corn, lettuce, bean, pea and sunflower increased by organic acids
of external treatments especially succinic, citric and malic acids.

c. Effect of interaction: Results of Table 3 show that the interaction between
nitrogen fertilization and ascorbic& citric acids recorded a significant effect
on head weight, grain weight/head, number of kernels /head and 1000
kernel weight. It is worthy to mention that, the maximum values of head
weight and grain weight /head were obtained from adding 120 kg N/fed.
and spraying mixture of (A.A. + CA).
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Whereas, number of kernels/head reached its maximum by using 120 kg
N/fed. and foliar spray of AA.  While, 1000 kernel weight gave the
maximum value when plants treated with 140 Kg N /fed. without spray of
organic acids. “

3. Yield:

Data presented in Table 4 indicate that grain yield/fed. recorded a
significant affect whereas green weight /fed. recorded insignificant affect.

. Effect of nitrogen fertilization: From data of Table 4, it can be noticed

that the application of 120 or 140 kg N/fed. increased significantly grain

under sandy soils conditions. In this respect, Eweis et al. (1998) reported
that increasing nitrogen fertilization for grain sorghum up to 100 kg Nifed.
significantly increased grain yield /fed.

. Effect of ascorbic and citric acids: Results of Table 4 show that spray

grain sorghum plants with ascorbic and citric acids recorded significant
effect on green weight/fed. and grain yield/fed.  The results revealed that
the foliar spray with C.A. or mixture of (A.A. + C.A.) significantly increased
green weight/fed and grain yield/fed. compared with plants treated with
A.A. or control one, with the maximum values in the case of using mixture
of (A.A. + C.A.). In this respect, Anton et al. (1999) reported that the foliar
spray of 500 ppm ascorbic acid on barley plants significantly increased
straw, grain and biological yields/ fed. compared with untreated plants.
Also, Abdel-Messih and Eid(1999) show that the foliar spray of 500 ppm
ascorbic acid on wheat plants significantly increased grain yield /fed .

. Effect of interaction: Table 4 show that interaction between nitrogen

(AA.+CA)

4. Chemical composition:-

a.

Total chiorophyil of leaves: Results of Table 5 indicate that after 60 days
from sowing total chlorophyll of grain sorghum leaves was increased
gradually with increasing nitrogen rates from 80 to 140 kg N/fed. Such
results due to that nitrogen play an important role in chiorophyll synthesis.
Regarding the effect of foliar spray of ascorbic and citric acids, total

ascorbic acid compared with control. The maximum value of total
chlorophyll was gained when grain sorghum plants treated with 140 kg
N/fed. and sprayed with (AA.+CA).
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Table 4: Response of green weight and grain yield per fed. for Dorado
variety to Ascorbic and Citric acids under deferent levels
from nitrogen fertilizer rates in sandy soil.

[Treatments Green weight ton/fed.| Grain yield ard./fed.
Nitrogen Ascorbic&citric| 2002 | 2003 | comb. | 2002 | 2003 |comb
“Mwithout spray [ 4.58 | 4.08 | 4.33 |11.43| 5.95 | 8.69

80 kg Nifed 500 ppm A.A. | 5.35 | 463 | 4.99 [13.10] 8.05 | 10.58
y 500 ppm C.A. | 530 | 2.75 | 4.02 |13.83| 5.11 | 9.47
AA+CA. 5.33 | 6.69 | 6.01 |12.93] 9.76 | 11.34

Mean 514 | 454 | 484 [12.82] 7.22 |10.02
without spray 5.68 | 2.79 | 4.23 |13.33] 7.95 [10.64

500 ppm A.A. | 510 [ 3.26 | 4.18 |11.18]| 5.82 | 8.50

e Lo 500 ppm CA. | 6.40 | 4.08 | 524 [17.90| 8.75 [13.32
AA+CA. 6.23 | 552 | 587 |16.70] 8.60 | 12.65

Mean 5.85 | 3.91 | 488 |14.78| 7.78 |11.28
i without spray 5.28 | 3.51 | 4.39 [15.88] 7.08 | 11.48

500 ppm A A. 5.98 | 3.26 4.62 |15.20]10.78|12.99

P e, 500 ppm C.A. | 5.65 | 8.28 | 6.97 |15.08|16.06]1557
AA+CA. 6.28 [ 517 | 5.72 |14.33|17.97|16.15

Mean 5.79 [ 5.05 | 542 |15.12|12.97|14.05
without spray | 6.08 [ 5.05 | 5.56 |16.53|10.26 | 13.39

500 ppm A.A. | 543 | 321 | 4.32 |13.10| 7.32 | 10.21

140 kg Nifed. 500 ppm C.A. [ 6.18 | 3.92 | 5.05 |15.45] 7.18 | 11.31
AA+CA. 6.30 | 6.14 | 6.22 [14.73/10.86|12.79

Mean 5.99 | 458 | 529 [14.95] 8.90 [11.93
without spray | 5.40 | 3.86 | 4.63 |14.29] 7.81 | 11.05

Mean of Ascorbic and500 ppm A.A. | 5.46 | 3.50 | 453 |13.14] 7.99 | 1057
Citric 500 ppm C.A. | 5.88 | 4.76 | 532 |1556| 9.27 | 12.42
AA+CA. 6.03 | 5.88 | 5.96 |14.67|11.80]|13.23

Nitrogen N.S. [ NS. | NS. | 210 | NS. | 1.31
AA. &CA. N.S. | 152 | 0.77 | 1.46 | 1.61 | 1.01
N x A.A. x C.A. N.S. [ 272 | NS. [ NS. | 2.89 | 2.02

b. Protein content of grains: Data of Table 5 show that protein content in
grains was increased with raising N rate form 80 up to 140 kg N/fed.
Such result can be ascribed to the function of nitrogen in plant metabolism,
i.e. constituent of amino and nucleic acids, many cofactors and cellular
compounds. Similar results were found by Eweis et al. (1 992) and Bashir
et al. (1994).

Concerning the effect of foliar spray with ascorbic and citric acids on
protein content in grains, Table 5 show that the maximum value was
obtained when plants sprayed with (A.A.+ C.A.) compared with plants
received A.A. or C.A. alone or non-sprayed plants. Such results may be
due to the role of ascorbic acid in higher plants (Givan, 1979). Also,
Miernyk and Trelease (1981) found that citric acid is one of organic acids
presented in tri-carboxylic acid cycle and synthesized either from acetyl-
CoA, glycine and o==-Ket-glutaric, or malic acid conversion to citric acid.
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In this respect, Anton et al. (1999) found that spraing barley plants with
500 ppm ascorbic acid increased protein content of grains compared with
spraying 500 ppm citric acid or untreated plants. It is worthy to mention
that the maximum value of protein content of grains was obtained when
plants received 140 kg N/fed. and sprayed with (A.A.+C.A).

¢. Phosphorus and potassium contents of grains: Results of Table 5
show that increasing nitrogen rate from 80 up to 140 kg N/fed. increased
gradually phosphorus and potassium contents of grains. Such finding can
be explained on the basis that high N rates enhanced sorghum plants
growth, thereby increased P and K uptake which can be accumulated in
grains. Similar results were obtained by Eweis et al. (1998).

Regarding the effect of foliar spray with ascorbic and citric acids,
Table 5 indicated that spraying grain sorghum plants with (A.A+ C. A)
increased P and K contents of grains compared with plants treated with
500 ppm ascorbic acid or 500 ppm citric acid alones or untreated plants.
The maximum P and K contents of grains were gained when plants treated
with 140 kg N/fed. and sprayed with (500 ppm A.A.+ 500 ppm C.A.).

CONCLUSION
Adding 120 Kg N/fed. To grain sorghum and foliar spray plants with

mixture of 500 ppm ascorbic and 500 ppm citric acids gave maximum
grain yield/fed.
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