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Abstract

Two field experiments were carried out at Gemmiza Research
Station Gharbia Governorate during 1996 and 1997 seasons to study
the effect of citrine (containing 15% citric acid and 18% micro elements
Ferrous, Manganese and Zinc) compound and citric acid on cotton plants”
cv. Giza 75. Citrine treatments were at two rates, i.e. one and two L/
fed. and citric acid treatments were at three rates, 200, 300 and 400
ppm Cotton plants were sprayed once at start of flowering or twice, at
start of flowering and after 15 days from the first spray. The resuits
showed that one spray of citrine or citric acid increased significantly pl-
ant height and number of fruiting branches per plant in one season only.
one or two sprays did not affect boll weight. In general all, treatments .
significantly increased seed index in one season while, lint percentage
was not significantly affected in both seasons. Earliness of yield and
seed cotton yield were significantly affected. Various concentrations of
citrine or citric acid had a significant effect on fiber properties in both
seasons.

In cotton leaves, all chlorophyll forms i.e., chlorophyll a, b and to-
tal chlorophyll increased significantly by spraying these compounds ei-
ther once or twice. The hgihest levels of reducing sugars and total solu-
ble sugars were observed when 300 ppm citric acid was used once or
twice. Two sprays of these compounds seemed to increase slightly the
phenolic compounds such as polyphenols and total phenols. Seed oil per-
centage was significantly affected by treatments in both seasons.

INTRODUCTION

Two newly available organic chemicals to the cotton researchers are citrine
[15% citric acid + 18 % microelements (Ferrous, Manganese and Zinc) + 64% organic
materials] and citric acid.

Citric acid is one of the organic acids presented in tricarboxilic acid cycle or malic
acid conversion to citric acid (Miernyk and Trelease, 1981). Growth of cotton, corn,
bean, pea, and sunflower increased by organic acids external treatment especically suc-
cinic, citric and malic acids (Malikd Singh, 1982 and Nofal et al., 1990). Ahmed et al.,
(1998), reported that the application of 1% ascobine and 0.6% citrine to apple trees
increased yield , fruit weight, total soluble solids and total sugars while, reduced the to-
tal acidity.
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On the other hand, the presence of high-energy compounds in the cell such as
phosphoenal pyruvate (PEP), ATP, 8-phosphogluconic acid and citric acid means that
the cell is rich in energy. In other words, when the concentration of these compounds
is high, the oxidation of carbohydrates via glycolysis is switched off where glycolysis
becomes the key metabolic component of the respiratory process which generates en-
ergy in the form of ATP in the cells where photosynthesis is not taking place (Goodwin
and Mercer, 1985).

Further studies are needed to elucidate the effect of these compounds on cot-
ton plants as they may enhance cotton productivity while at the same time they are
safe to environment and human. Thus, this study aimed at studying the response of
cotton plants Giza 75 cultivar to citrine and citric acid application during flowering peri-
od.

MATERIALS AND METHODS

This investigation was carried out at Gemmiza Research Station, Gharbia Govern-
orate during two successive seasons (1996 and 1997). Seeds of Giza 75 cv. were
sown on April 1st and 27th March for 1996 and 1997 seasons respectively.

Citrine compound [15% citric acid+18% microelements (6% Fe. + 6% Mn + 6%
Zn) + 64 % organic materials] - a product of the General Organization of Balance Agri-
culture Fund, at two rates of 1 and 2 L/F and citric acid (authentic) at three rates of
200, 300 and 400 ppm /F, sprayed either once at start of flowering or twice; at start
of flowering and after 15 days from the first spray. Control treatments were sprayed
by tap water. Each plot consisted of five rows, four meters long. 60 cm. apart and the
distance between hills was 20 cm. All cultural practices for cotton plants were carried
out as recommended for Giza 75. A complete randomized blocks design in a factorial
arrangement, with four replications was used, with a plot area of 12 m2. The charac-
ters studied were:

Plant growth and fruiting characters:

Five plants were collected randomly, from each plot after 30 days from the first
spray to study the vegetative and fruiting characters i.e., plant height, number of fruit-
ing branches/plant {(symbodial branches) and number of total bolis/plant. -
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Yield and yield components:

At the end of the season, average of boll weight, seed index, lint percentage, ea-
rliness for yield percentage and seed cotton yield in kentar/feddan were determined.

Fiber properties:

Micronaire reading and Pressley index (fiber strength) were tested and estimated
at cotton Technology Research Division, Giza, according to the method of testing
A.8.T.M., (1967).

Chemical analysis:

Fresh leaves from the main stem on the fourth node from the apex were taken
at random after 30 days from the first spray to determine the following chemical con-
stituents in 1997 season. Chlorophyll a, b and total Chlorophyll (Arnon, 1949), Carot-
enoids (Rolbelen, 1957), total soluble sugars (Smith et al., 1956), reducing sugars
(A.O.A.C. 1965), total phenols {Simons and Ross, 1971) Polyphenols (A.O.A.C. 1965),
and Seed oil percentage (A.O.A.C. 1966)

The data were subjected to statistical analysis as shawn by Snedecor and Choch-
ran (1967). Comparisons between means were further tested using the L.S.D. at 5%
probability level.

RESULTS AND DISCUSSIONS

Plant growth and fruiting characters:
1. Plant height:

The data in Table 1 showed that height was significantly affected by number of
sprays, chemical concentration and their interaction only in 1996 season, while in
1997 season, the effect of chemical concentration only exerted a significant influence.
The data in 1996 season, revealed that plants which were sprayed one time with such
chemicals were taller than those twice. The tallest plants {187.3 cm) were obtained
when citrine was applied at the rate of one litre/feddan, while citric acid preduced
shorter plants as compared to the control. For the interaction, the data showed that
the tallest plants were obtained from plants given one spray with citrine at a rate of
one litre/fed. On the other hand, the data in 1997 season revealed that plants treated
with citrine at the rate fo two litre/fed. produced taller plants as compared to the oth-
er treatments.
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Table A. Soil analysis of Gemmiza Research Station in 1996 and 1997 seasons.
(according to Richard, 1969).

Soil unit Scason 1996 Scason 1997 Critical levels
Texture Clay Clay
pH 7.5 7.65

EC (mmhos Cm 25°C) 3.3 1.60
N (ppm) 20.7 247 25
P (ppm) 18.6 3.6 9
K (ppm) 585 414 300
Fe (ppm) 9.5 10.7 20
Mn (ppm) 12.4 4.8 18
Zn (ppm) 1.55 1.25 0.8
(.‘;u {ppm) 0.75 0.69 0.5

2. Number of fruiting branches/plant:

In 1996 season, the number of fruiting branches was higher in plants received
one spray as compared to those which received two sprays, while the application of
citrine at a rate of one L/fed. was more effective in increasing this trait . For the inter-
action, the data showed that the highest value (25.7) was obtained for plants sprayed
one time with citrine at a rate of two L/fed. The data in 1997 season revealed aiso
that the application of citrine at the rate of two L/fed. produced the highest value
(21.7) as compared to citric acid Nehra et al., (1987) and Nishikimi (1975), obtained
similar results.

3. Number of total bolls/plant:

The data revealed that the application of citrine and /or citric acid concentra-
tions and their interactions with number of sprays was significant only in 1996 season.
The results showed that the highest value of total bolls/plant (34.2) was obtained
when plants were sprayed with citric acid at the concentration of 300 ppm. For the in-
teraction the data indicated that plants sprayed one time with citric acid at the con-
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Table 1. Effect of citrine and citric acid on the development and growth characters of cotton
plant after 30 days from the first spray in 1996 and 1997 seasons.

Plant height No. fruiting No. total

Treatments (cm) branches/plant bolls/plant
1996 1997 1996 1997 1996 1997
Control T 1767 1667 222 183 299 28.0
One spray
Citrine 1L/fed 192.1 161.7 25.6 20.0 30.4 29.3
2L/fed 190.4 168.6 25.7 21.6 31.3 30.2
Citric acid 200 ppm  155.4 168.3 20.1 21.0 33.9 30.5
300 ppm 1625 161.7 20.8 20.8 34.3 31.8
400 ppm  157.9 158.9 20.3 21.2 32.7 314
Mean 1725 162.7 225 20.48  32.08 30.20
Two sprays:
Citrine 1L/fed 182.5 163.3 24.8 20.0 32.0 29.2
2L/fed 165.8 166.9 22.0 21.8 315 29.8
Citric acid 200 ppm  156.7 161.7 20.3 20.7 31.8 30.7
300 ppm  164.1 160.0 21.0 20.8 34.0 31.4
. 400 ppm  156.7 161.5 20.5 20.6 33.3 30.8
Mean 167.1 161.7 21.8 20.37  32.08 29.98
Average
Citrine 1L/fed 187.3 162.5 25.2 20.0 31.2 29.3
2L/fed 178.1 167.8 23.9 21.7 31.4 30.0
Citric acid 200 ppm  156.1 165.0 20.2 20.9 32.9 30.6
300 ppm  163.3 160.8 20.9 20.8 34.2 31.6
400 ppm  157.3 160.2 20.4 20.9 33.0 3t.1
L.S.D. (0.05)
Sprays 3.95 N.S. 0.44 N.S N.S. N.S.
Treatments 6.84 4.04 0.77 0.99 1.6 N.S.

Interactions 9.67 N.S. 1.08 N.S. 23 N.S.
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centration of 300 ppm had the highest value. In general all chemicals applied tended to
increase number of total bolls as compared to the control. Similar results were demon-
strated by Nehra et al., (1987) and Nishikimi (1975).

Yield and yield components:
1. Boll weight:

The data in Table 2 show that boll weight was significantly aifected by chemical
treatments and their interaction with number of sprays in both seasons. It is clear
from these data that the application of citric acid at a rate of 200 ppm had the highest
value of boll weight in both seasons. For the interaction, the results showed that the
highest value of boll weight (3.42 gm) in 1996 season was obtained from the applica-
tion of citric acid at the concentrations of 200 and 400 ppm sprayed once and twice
respectively, while in 1997 season, the heaviest bolls (3.43 gm) were obtained from

the application of citric acid sprayed once at a concentration of 200 ppm.
2. Seed index:

Seed index as shown in Table 2 was significantly affected by chemical treat-
ments and their interaction with number of sprays only in 1996 season. In general, the
highest value of seed index (11.40 gm) was obtained when citric acid was applied at a
rate of 200 ppm. For the interaction, the data of 1996 season revealed that the high-
est value was obtained when citric acid was applied at a concentration of 200 ppm one
or two times.

3. Lint percentage:
Lint percentage was not significantly affected by any of the tested treatments.
4. Earliness for yield:

Earliness percentage was sigificantly affected by all factors in 1996 season,
while in 1997 season, it was affected by chemical treatments only. The data of 1996
season showed that, the application of these materials two times as a foliar spray in-
creased earliness value as compared to one spray. Also, the highest value was obtained
from the application of citric acid when applied at a concentration of 400 ppm in both
seasons.

The interaction between number of sprays and chemical treatments reveal that
the application of citric acid at a concentration of 400 ppm produced the highest value
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when applied two times, this is true for both seasons.
5. Seed cotton yield:

The resuits in Table 2 revealed that, seed cotton yield was significantly affected
by all treatments under study in both seasons. It is clear from these data that the ap-
plication of such chemicals two times was more effective in increasing yield as com-
pared to one spray, this was true in both seasons. In general, the application of either
citrine or citric acid to cotton plants as foliar spray increased seed cotton yield as com-
pared to the control. It is clear from the data that the appiication of citric acid to
plants was more effective in increasing yield as compared to the application of citrine.
Also, the data showed that the maximum yield of seed cotton (11.01 k/fed.) obtained
when citric acid was applied at a concentration of 300 ppm in both season. Concemning
the interaction between number of sprays and chemical treatments, the data showed
that the highest yield (11.28 k/fed.) was obtained from the application of citric acid at
one spray with a concentration of 300 ppm in 1996 season only. Such results may be
attributed to the stimulation effect of citric acid on number and weight af open bolls/
plant. In this respect Brar et al. (1983), Nehra et al. (1987) and Ahmed ef al. (1998)
found similar results.

Fiber properties:

Results in Table 2 showed that number of sprays did not affect fiber properties
i.e., micronaire reading and Pressley index in both seasons except Pressley index in
1996 season. However, both characters were affected significantly by foliar spraying
of citrine or and citric acid. On the other hand, various concentrations of citrine or cit-
ric acid and interaction between number of sprays and chemical treatments affected
significantly fiber properties, the highest value for micronarire reading and Pressley in-
dex were obtained when using citric acid at a rate of 200 ppm in both seasons .

Chemical constituents of cotton leaf:
1. Leaf pigments:

Results of leaf pigment analysis are shown in Table 3. All chlorophyll forms i.e.
chlorophyll a, b and total chlorophyll were significantly affected by spraying these com-
pounds either once or twice. These resuits may be attributed to that these compounds
delayed leaf senescence thus producing more photo pigments. The increase in chloro-
phyll contents was more pronounced as the rates of citrine and citric acid were in-
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creased up to two L/fed. and 300 ppm for citrine and citric acid, respectively. Such re-
sults are in accordance with those of Brar et al. (1985) and Dhopte and Lall (1987),
who found that citrine and citric acid had a good effect on decreasing leaf reddening
and increasing photosynthetic and respiration rates.

2. Carbohydrates:

Results in Table 3 showed clearly that citrine and citric acid enhanced and in-
creased significantly carbohydrate contents under one or two sprays as compared with
control. The hgihest value of carbohydrate contents (R. sugars and T.S. sugars), was
observed when 300 ppm of citric acid sprayed one time. Ahmed et al., (1998), found
that application of two organic compounds (Ascobine at 1% and Citrine 0.6%) at
growth start and 30 days later increased total soluble solids and total sugars. It could
be concluded that, citric acid mainly plays a role as activator or intermediates in the
formation of carbohydrate during photosynthesis.

3. Phenolic components:

Data presented in Table 3, showed that citrine and citric acid exerted significant
effects on phenolic components as polyphenol and total phenols in cotton leaves. Two
sprays of such compounds increased the phenolic components more than one spray,
the best results were obtained by foliar spraying of citrine at a rate of two L/fed.

High values for polyphenol / total phenol percentage were recorded when citric
acid at a rate of 400 ppm was sprayed one time only. Polyphenols and other deriva-
tives from shikimate metabolism play an important role in decreasing IAA oxidation by
30% in healthy cotton tissues because these compounds contribute to the increase of
IAA and decrease IAA decarboxylation Wiese and Vay (1970). Also, Zinc and Muller
(1963) and Abdel-Al et al. (1998), recorded that polyphenols inhibit the action of 1AA
oxidase.

4. Seed oil content:

Data in Table 3, revealed that seed oil percentage was significantly affected by
number of sprays in one season only, while the chemical treatments and interaction be-
tween chemical treatments and number of sprays were significantly affected in both
seasons, the best treatment was obtained when citric acid was used at a rate of 200
ppm. Such results may be due to the fact that citric acid exerts its effects on the me-
tabolism and biosynthesis of oil and related compounds
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It could be noticed that spraying cotton plants one time at start of flowering
was more effective in increasing leaf pigments, carbohydrates contents in cotton
leaves than spraying twice. However, two sprays were more effective in increasing phe-

nolic compounds and oil seed percentage than one spray.
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