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Direct and Residual Effect of Foliar Applications of Copper and
Manganese on Cottonseed Yield and Quality

Zakaria M. Sawan,”' Ahmad E. Basyony,} Willis L. McCuistion,’ and Abdel Hamid A. El Farral

Cotton Research Institute, Field Crops Research Institute, National Agricultural Research Project, and
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In 1986-1987 field experiments at Giza, Egypt, cotton cv. Giza 75 was given foliar application of the
micronutrients copper and manganese (Cu at 0.0, 12.5, 25.0, and 37.5 ppm and Mn at 0.0, 25.0, and 50.0
ppm) applied at 85 and 105 days after sowing. Individual Cu or Mn applications increased cottonseed
yield and seed index above those of the control (0.0 Cu, 0.0 Mn). Cu at 37.5 ppm with Mn at 50 ppm
gave the highest seed oil content. Highest oil and protein yields resulted from Cu and Mn at 25 ppm,
when applied separately, while oil refractive index, and iodine value increased from Cu and Mn added
separately or in combination. Unsaponifiable matter increased as a result of almost all treatments. All
Cu or Mn treatments, applied either separately or in combination, generally decreased saturated fatty
acids (myristic, palmitic, and stearic) and increased unsaturated fatty acids (palmitoleic, oleic, and
linoleic). Cu at 12.5 ppm or Mn at 25 ppm gave the lowest levels of saturated fatty acids.

INTRODUCTION

Cotton is one of the most important crops in Egypt,
where it is consumed locally or exported. Fertilization is
one of the main practices contributing to increases in the
productivity and quality of cotton. The use of chemically
pure fertilizers necessitates the supply of micronutrients
in intensive agriculture. The demand for micronutrients
in plants is rather low; however, they are essential to
prevent morphological, physiological, and biochemical
deficiencies and assure optimum yield and quality. Mon-
itoring the availability of micronutrients is important in
Egypt due to the marked decrease of these elements in
Nile River water following the construction of the Aswan
High Dam. Increasing soil pH decreases the availability
of Cu and Mn in soils. Most Egyptian soils are alkaline,
with pH values between 7.5 and 8.5. Under conditions of
calcareous soil or high percentages of calcium carbonate,
available micronutrients will be low (Buchner and Sturm,
1980).

Cottonseed is considered an essential industrial source
of edible o0il and meal. Many changes have occurred in
Egyptian cotton production over the past four decades.
The land used for cotton production declined from a high
point of 840 000 ha in the early 1950s (Wally, 1982) to a
low level of 360 000 ha in 1991. Much of this decline is
attributed to the increased demand of cereal crops required
for the rapidly increasing population in Egypt. For this
reason, an increase in cotton production per unit area is
necessary. The effect of Cu and Mn nutrition on seed
yield and fiber quality has been extensively studied (Isaev
and Mamanov, 1980; Mamanov et al., 1982; Khuzhanaz-
arov et al., 1983; Sawan, 1985). Few studies have docu-
mented the effect of Cuand Mn onseed protein, oil content,
and oil properties (Tailakov and Ataev, 1973; Khalileva
and Yusupov, 1985; Sawan et al., 1988).

This investigation was designed to test the hypothesis
that foliar application of Cu- or Mn-EDTA and their
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combination at different concentrations, during square
initiation and bolling stage, will have positive effects on
seed yield and quality characters of Egyptian cotton.

MATERIALS AND METHODS

Two field experiments were carried out during 1986 and 1987
seasons at Giza Agricultural Research Station, Agricultural
Research Center, Ministry of Agriculture, Egypt, using the cotton
cv. Giza 75 (Gossypium barbadense L.). Each experiment
included 12 treatments, which were the combination of the
chelated form [ethylenediaminetetraacetic acid (EDTA)] of the
microelements Cu (at 0.0, 12.5, 25.0, and 37.5 ppm) and Mn (at
0.0, 25, and 50.0 ppm). Each treatment was sprayed twice, first
at 85 and then at 105 days after the sowing date (during square
initiation and bolling stages). The volume of solution used for
each treatment was 960 L/ha. The average mechanical and
chemical analyses of the soil (Jackson, 1973) are shown in Table
I. Soil micronutrients were extracted by DTPA (Lindsay and
Norvell, 1969), and available soil phosphorus was extracted by
sodium bicarbonate (Olsen et al., 1954); pH 8.5 is considered
medium. Total soluble nitrogen was extracted by 1% potassium
sulfate solution, as described by Allam (1951).

The experimental design used was a randomized complete
block with four replications. Sowing dates were April 8 and 15
for 1986 and 1987, respectively. Plot size was 1.8 X 4 m including
three ridges. Cultural practices were standard for cotton
production at the Giza Agricultural Research Station. Total
cotton yield per plot was determined at harvest. Cottonseed
yield (kilograms per hectare) and seed index (weight in grams of
100 seeds) were determined following ginning. Laboratory tests
were conducted on a 200-g random sample of seed representative
of each plot. A composite seed sample representing the four
replications of each treatment was used for the following chemical
analyses: (a) the seed crude protein content according to AOAC
(1985); (b) the seed oil content from which oil was extracted
three times with a chloroform-methanol (2:1 v/v) mixture
according to the method outlined by Kates (1972); (c) the oil
quality traits, i.e., refractive index, acid value, saponification
value, iodine value, and unsaponifiable matter, which were
measured according to the methods described by AOCS (1985);
and (d) the identification and determination of oil fatty acids by
gas-liquid chromatography (GLC). The lipid materials were
saponified, unsaponifiable matter was removed, and the fatty
acids were collected. The free fatty acids were methylated with
diazomethan (Vogel, 1975). The fatty acids, methyl esters,
obtained from cottonseed oil were analyzed by a Sigma 3B gas-
liquid chromatograph equipped with dual flame ionization
detector. The separation conditions were similar to those
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Table I. Mechanical and Chemical Analysis of the Soil

mechanical analysis chemical analysis

clay, % 43.00 pH (1:2.5) 8.13
silt, % 28.40 total nitrogen, % 0.12
fine sand, % 19.33 soluble nitrogen, ppm 27.50
coarse sand, % 4.31 available phosphorus, ppm  15.00
organic matter, % 1.83 available potassium, ppm  270.00
calcium carbonate, % 3.00 available zinc, ppm 1.33
total soluble salts, % 0.13 available iron, ppm 4.35
texture: clay loam available manganese, ppm 3.57

available copper, ppm 0.45

Table II. Effect of Foliar Application of Cu and Mn on
Cottonseed Yield, Seed Index, Seed Oil, Seed Protein, and
0il and Protein Yields

cotton- .
treatment, ppm seled seed seed oil seed  protein
ield o

—————— yield,® index, oil? ield,® protein} yield,?
Cu Mn kg/ha g % {lg/ ha % {lg/ ha
0.0 0.0 18883 1060 1874 362.1 22,10 4154

25,0 2174.5°¢ 10.78 19.11 4158  21.80 474.3
50.0 2117.6°¢ 10.72¢ 19.22 406.2 21.72 459.4

125 0.0 2088.5¢ 10.75¢ 19.21 401.1 22,03 460.0
25,0 19662 10.70¢ 19.14 3743 22.13 432.7
500 19268 1068 19.18 3676 22.10 4234

25.0 0.0 2175.2¢ 10.84° 19.20 4161  21.97 476.0
250 19042 1066 19.32 3658 2175 411.6
500 18943 10656 19.36 3648 21.68 408.6

315 0.0 2116.7¢ 10.74c 190.26 4068 21.77 4569.8
2560 1891.3 10.59 19.26 362.6 21.75 409.2
50.0 18724 1059 19.38 361.2 21.65 408.2

LSDfor 005 13550 0.098

CuXx

Mn

SE¢ 0048 696  0.052 8.02

8 Mean values from combined data of 1986 and 1987 seasons.
b Mean data of two samples from a four-replicate composite for 1986
and 1987 seasons. ¢ Significant at 5% level. ¢ SE, standard error.

reported by Ashoub et al. (1989). Results are expressed as an
area percentage of the chromatograms. Data obtained for the
cottonseed yield and the seed index were statistically analyzed
factorially according to the method of Snedecor and Cochran
(1980).

RESULTS AND DISCUSSION

Cottonseed Yield. Copper significantly increased
cottonseed yield per hectare as treatment rate increased
to 37.5 ppm, with 25 ppm being the highest, compared to
the control (TableII). No significant differences occurred
among combined Cuand Mnrates. Similarly, Mn at rates
up to 50 ppm significantly increased yield, with the highest
yield at 25 ppm. Such results could be attributed to the
connection of Mn photosynthesis and NOs- reduction
(Anderson and Pyliotis, 1969). Also, Cu in protein DNA
and RNA synthesis (Ozolina and Lapina, 1965) and
carbohydrate metabolism (Brown and Jones, 1975) in
plants can cause an activation of photosynthesis and
enhance the growth and development. Graham (1975)
found a corresponding high localized demand for Cu and
the synchronous meiotic division of pollen mother cells.
All of these may have a favorable effect on yield compo-
nents, i.e., number of opened bolls per plant, boll weight,
or both, reflecting better yield. Itislikely that a highrate
of Cu or Mn (more than 25 ppm) may produce some
physiological imbalances in the nutrition of the plants.
From the data obtained, it is worth considering why the
addition of Cu and Mn in combination had no effect on
the cottonseed yield. This may be due to the antagonism
between the two elements in the plant. The soil levels
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were clearly below the response threshold for both
nutrients. This can be explained only in terms of the
balance between supply and demand. Under conditions
of high potential fruit set, the cotton plant may need
additional readily available amounts of Cu and Mn at
critical times. Foliar spray thus seems to be an efficient
mode of application because of rapid availability at the
critical period of demand and lack of interference. The
favorable effects of these elements on cottonseed yield
have also been observed by Mamanov et al. (1982),
Khuzhanazarov et al. (1983), Sawan (1985), and Hegab et
al. (1986).

Seed Index. Seed index (grams per 100 seeds) signif-
icantly increased with Cu or Mn application at different
rates compared to that of the control (Table II). The 25
ppm treatment of either Cu or Mn alone gave the highest
seed index. Only one combined application, 12.5 ppm of
Cu with 25 ppm of Mn, significantly increased the seed
index over that of the control; other combinations had no
significant effect. Copper plays a role in photosynthesis,
as it is a part of the chloroplast enzyme plastocyanin in
the electron transport system between photosystems I and
II (Gardner et al., 1985). Agarwala et al. (1989) found in
maize that Cudeficiency decreased dry weight, chlorophyll,
leaf Cu and protein N contents, and cytochrome oxidase
and nitrate reductase activities. Manganese is capable of
bridging with certain enzymes e.g., phosphokinase and
phosphotransferase (Gardner et al., 1985). Thus, applied
Cu and Mn may increase the dry matter accumulation in
reproductive parts of cotton plants, which may have a
directimpact on seed weight. Isaevand Mamanov (1980),
applying Cu alone, and Sawan (1985), using Cu or Mn,
also reported that seed index was increased.

Seed Oil Content and Yield. Applying Cu or Mn at
different rates, alone or in combination, resulted in an
increase in seed oil content over that of the control (Table
IT). The seed oil content tended to increase by increasing
the combined concentration of Cuand Mn with the highest
value obtained from Cu at 37.5 ppm and Mn at 50 ppm.
Oil yields from treatments compared to the control were
1.14-,1.18-, and 1.16-fold when cotton plants were treated
with Cuat 12.5, 25.0, or 37.5 ppm, respectively. Oil yields
were 1.18- and 1.15-fold higher than the control with Mn
treatments at 25 or 50 ppm. The highest oil yields were
obtained from Cu or Mn alone applied at 25 ppm.
Sharafutdinova et al. (1974) found that seed treatment
with CuSOQ, accelerated lipid synthesis and increased the
oil content of the seeds. These results were supported by
Tailakov and Ataev (1973) and Sawan et al. (1988) for Mn
and Cu and by Khalileva and Yusupov (1985) with Cu.

Seed Protein Content and Yield. Copper or man-
ganese applied at different rates, alone or in combination,
did not affect the seed protein content as compared to
that of the untreated control (Table II). Copperincreased
protein yield as treatment rate increased to 37.5 ppm,
compared to untreated plants; Cu at 25 ppm gave the best
result. Similarly, Mn at rates up to 50 ppm increased
protein yield, with highest yield from 25 ppm. The
combination of Cu and Mn had no effect on protein yield.
The data obtained were in line with the findings of Tailakov
(1976) and Sawan et al. (1988).

Seed Oil Properties. Application of Cu and Mn
produced a slight increase in the oil refractive index and
iodine value over those of the control (Table III). Neither
Cu nor Mn caused differences on the oil acid value. Oil
saponification value tended to decrease by application of
the higher rates of Cu and Mn. Unsaponifiable matter
increased as a result of all treatments, except that of the
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Table III. Effect of Foliar Application of Cu and Mn on
Seed Oil Properties*

Sawan et al.

Table V. Effect of Foliar Application of Cu and Mn on the
Relative Percentage of Unsaturated Fatty Acids®

treatment,

m . saponi- unsaponi-
_PPM_  refractive acid fication iodine  fiable
Cu Mn index value  value value matter
0.0 0.0 1.4665 0.30 195 100 0.38
25.0 1.4672 0.29 195 103 0.44
50.0 1.4670 0.30 193 102 0.51
12.5 0.0 1.4674 0.30 195 106 0.42
25.0 1.4681 0.30 194 108 0.45
50.0 1.4686 0.30 194 111 0.38
25.0 0.0 1.4687 0.31 193 105 0.47
25.0 1.4682 0.31 193 109 0.41
50.0 1.4693 0.30 192 113 0.62
37.5 0.0 1.4688 0.30 191 115 0.55
25.0 1.4710 0.31 194 118 0.58
50.0 1.4700 0.29 193 114 0.63
SE 0.00037 0.002 0.36 1.83 0.026

4 Mean data for 1986 and 1987 seasons.

Table IV. Effect of Foliar Application of Cu and Mn on
the Relative Percentage of Saturated Fatty Acids*

treatment, ppm relative % of saturated fatty acids

Cu Mn myristic  palmitic  stearic total
0.0 0.0 0.24 34.00 2.31 36.55
25.0 0.32 27.73 0.38 28.43
50.0 0.55 32.70 0.10 33.35
12.5 0.0 0.73 25,00 0.78 26.51
25.0 1.68 29.28 2.52 33.88
50.0 0.37 34.46 1.22 36.05
25.0 0.0 0.42 32.84 0.18 33.44
25.0 0.36 32.47 1.00 33.83
50.0 1.00 32.05 1.00 34.05
37.5 0.0 0.94 30.68 0.47 32.09
25.0 0.30 34.27 0.43 35.00
50.0 1.70 33.00 1.65 36.35
SE 0.1494 0.8323 0.2305 0.9482

o Mean data for 1986 and 1987 seasons.

combination between Cu at 12.5 ppm and Mn at 50 ppm,
which was the same as the control. The increment of the
unsaponifiable matter is known to be beneficial for its
rolein oil stability; thus, its components need further study.
Sawan et al. (1988) found that oil unsaponifiable matter
tended to increase, while iodine and saponification values
tended to decrease, by the application of Cu and Mn.

Oil Fatty Acid Composition. The effects of Cu and
Mn as foliar application to cotton plants on the relative
percentage of fatty acid are shown in Tables IV and V.
Stearic acid content of cottonseed oil from the untreated
control was 2.31%, while palmitic acid was found to be
the major saturated fatty acid (34%). Applying Cu alone
at 12.5 ppm increased myristic acid, while a marked
decrease was found in palmitic and stearic acids compared
to control. Copper at 25 ppm caused a sudden decrease
in stearic acid. Myristic acid increased 4-fold for the Cu
(37.5 ppm) above the control; however, there was a slight
decrease in the amount of palmitic acid and a marked
decrease in stearic acid.

Applying Mn at 25 ppm markedly decreased the palmitic
and stearic acids. Manganese at 50 ppm increased myristic
acid 2-fold and decreased palmitic acid compared to the
control. In general, the combined treatments of Cu and
Mn showed an increase in the three saturated fatty acids
compared to each element alone.

Applied Cu treatments alone resulted in reduced
percentages of palmitoleic and oleic acids and increased

treatment, ppm  relative % of unsaturated fatty acids g /TS

Cu Mn  palmitoleic oleic linoleic ~total  ratio®
0.0 0.0 2.50 22.31 37.84 6285 1.677
25.0 3.51 16.34 51.42 71.27 2.481

50.0 1.37 16.28 49.00 66.65 1.999

12.5 0.0 0.50 19.21 53.10 72.81 2,679

25.0 0.70 20.76 4446 65.92 1.846
50.0 5.08 19.07 3887 63.02 1.704

25.0 0.0 1.80 19.00 4527 66.07 1.948
25.0 5.23 20.13 3930 64.66 1.830
50.0 3.12 19.54 40.42 63.08 1.709

37.5 0.0 1.50 22.55 41.81 6586 1.929
25.0 1.87 2110 41.80 6477 1.839
50.0 2.38 19.83 4024 6245 1.663

SE 0.443 0.566 1.472  0.947 0.0920

¢ Mean data for 1986 and 1987 seasons. ® TU/TS ratio = (total
unsaturated fatty acids)/(total saturated fatty acids).
linoleic acid compared to control. Manganese treatment
alone at 25 ppm caused an increase in palmitoleic and
linoleic acids, while oleic acid decreased compared with
control. Manganese at 50 ppm, in contrast to 25 ppm,
decreased palmitoleic acid but had no effect on oleic and
linoleicacids. Ingeneral, the lowest concentration of either
Cuor Mn applied separately produced an oil characterized
by high levels of unsaturated fatty acids. The combined
treatments of Cu and Mn at different levels decreased all
of the unsaturated fatty acids compared to the single
applications, but the levels were still higher than those of
the control, especially in linoleic acid content.

The ratio between the total unsaturated and saturated
fatty acids showed that all treatments gave higher ratios
than the control, except for the treatment of Cu at 37.5
ppm with Mn at 50 ppm. Low content of saturated fatty
acids is desirable for edible uses. In seeds, all of the fatty
acids produced can be esterified with glycerol to produce
fats that develop into oleosomes directly in the endoplas-
mic reticulum (Salisbury and Ross, 1986). Copper and
manganese may be affected in these steps because Cu is
present in several enzymes and proteins involved in
oxidation and reduction. Two notable examples are
cytochrome oxidase, a respiratory enzyme in mitochondria,
and plastocyanin, a chloroplast protein. Biochemical work
shows that Mn plays a structural role in the photosynthetic
split of H;0. The Mn?* ion activates numerous enzymes
(Salisbury and Ross, 1986). These data are in agreement
with those of Sharafutdinova and Mutalov (1978) and
Wilson et al. (1982).

Conclusion. Under the conditions of this study, it is
concluded that applying Cu or Mn individually at the
concentration of 25 ppm gave the highest cottonseed yield,
seed index, and oil and protein yields. This concentration
also generally increased oil refractive indezx, iodine value,
and unsaponifiable matter over the control. It also
generally decreased the saturated fatty acids with an
increase in the unsaturated fatty acids compared to the
untreated control.

ACKNOWLEDGMENT

We express our sincere appreciation to NARP (National
Agricultural Research Project) for funding this research
activity.

LITERATURE CITED

Agarwala, S. C.; Chatterjee, C.; Sharma, C. P.; Nautiyal, N.
Copper-molybdenum interaction in maize. Soil Sci. Plant
Nutr. 1989, 35, 435—442.



Etfect of Cu and Mn on Cottonseed

Allam, F. The koening method for available soil nitrogen. Anal.
Agric. Chem. 1951, Part 1, 6.

Anderson, J. M.; Pyliotis, N. A. Studies with manganese deficient
chloroplasts. Biochim. Biophys. Acta 1969, 189, 280-293.
AOAC. Official Methods of Analysis, 14th ed.; Association of

Official Analytical Chemists: Arlington, VA, 1985.

AOCS. Official and Tentative Methods, 3rd ed.; American Oil
Chemists’ Society: Champaign, IL, 1985.

Ashoub, A. H.; Basyony, A. E.; Ebad, F. A. Effect of plant
population and nitrogen levels on rapeseed oil quality and
quantity. Ann. Agric. Sci., Moshtohor. 1989, 27, 761-770.

Brown, J. C.; Jones, W. E. Heavy-metal toxicity in plants.
Commun. Soil Plant Anal. 1975,421-438; Hortic. Abstr. 1976,
46, 4687.

Buchner, A.; Sturm, H. Gezielter Dungend: Intensiv, Wir-
schaftlich - umweltbezogen; DLG-Verlags: Frankfurt, 1980;
p 319.

Gardner, F. P.; Pearce, R. B.; Mitchell, R. L. Physiology of Crop
Plants; Iowa State University Press: Ames, 1A, 1985; pp 123,
126.

Graham, R. D. Male sterility in wheat plants deficient in copper.
Nature (London) 1975, 254, 514-515.

Hegab, A. T.; Youssef, A. E.; Mahgoub, M. A. Effect of some
micronutrients and their application methods on the cotton
plant growth, seed cotton yield, grade components, fiber and
yarn quality. Ann. Agric. Sci. 1986, 31, 189-205,

Isaev, B.; Mamanov, Sh. Application of trace elements to cotton.
Khlopkovodstvo 1980, 8, 25; Field Crop Abstr. 1981, 34, 1129.

Jackson, M. L. Soil Chemical Analysis; Prentice-Hall (India):
New Delhi, 1973.

Kates, M. Laboratory techniques in biochemistry and molecular
biology; Work, T. S., Work, E., Eds.; North-Holland: Ame-
sterdam, 1972.

Khalileva, A.Sh.; Yusupov, Sh. The direct and residual effects
of trace elements on yield and uptake of trace elements by
cotton. Uzb. Biol. Zh. 1985, 3, 30.33; Field Crop Abstr. 1986,
39, 253.

Khuzhanazarov, Sh.; Dzhumaev, N.; Mamanov, Sh. Effect of
copper and zinc in the composition of basal fertilizer on yield
of fine-fibered cotton. Khim. Sel’sk. Khoz. 1985, 21, 21-22;
Field Crop Abstr. 1985, 38, 202.

Lindsay, W. L.; Norvell, W. A. A micronutrient soil test for Zn,
Fe, Mn, and Cu. Agron. Abstr. 1969, 32, 84.

Mamanov, Sh.; Khuzhanazarov, Sh., Dzhumaev, N. Trace
elements for fine-fibered cotton. Khlopkovodstvo 1982, 2, 24;
Field Crop Abstr. 1985, 38, 202.

Olsen, S.R.; Cole,C. V.; Watanabe, F. S.; Deam, L. A, Estimation
of available phosphorus in soils by extraction with sodium

J. Agric. Food Chem., Vol. 41, No. 10, 1993 1750

bicarbonate; U.S. Department of Agriculture: Washington,
DC, 1954; Circular 939.

Ozolina, G.; Lapina, L. Effect of copper and nitrogen nutrition
of maize and flax on dyanmics of nucleic acids. Microelem.
Prod. Rast. 1965, 756-102.

Salisbury, F. B.; Ross, C. W. Plant Physiology; CBS Publishing:
Delhi, India, 1986; pp 112-113.

Sawan, Z. M. Effect of nitrogen fertilization and foliar application
of calcium and microelements on yield, yield components, and
fiber properties of Egyptian cotton. Egypt. J. Agron. 1986,
10, 25-317.

Sawan, Z. M.; El-Farra, A. A.; Mohamed, Z. A. Effect of nitrogen
fertilization, foliar application of calcium and some micro-
elements on cottonseed, protein and oil yields and oil properties
of Egyptian cotton. Ann. Bot. (Rome) 1988, 46, 167-174,

Sharafutdinova, F. Kh.; Mutalov, A. Kh. Changes in fatty acid
composition of chloroplast lipids of cotton under the influence
of copper and manganese. Dokl. Vses. Ordena Lenina Akad.
Sel’shokhozyaistvennykh Nauk Imeni Lenina 1978, 5, 34-35;
Seed Abstr. 1980, 3, 2546.

Sharafutdinova, F. Kh.; Rakhmanov, R. R.; Dzhuraev, O. The
alteration by copper of the lipid content of germinating and
ripening seeds of wilt resistant cotton varieties. Dokl. Ordena
Lenina Akad. Sel’skokhozyaistvennykh Nauk Imeni Lenina
1974, 7, 19-20; Soils Fertil. Abstr. 1975, 38, 144.

Snedecor, G. W.; Cochran, W. G. Statistical Methods, 7th ed.;
Iowa State University Press: Ames, IA, 1980.

Tailakov, N. Effect of trace elements on nitrogen-phosphorus
metabolism in cotton on saline soil. Izv. Akad. Nauk Turkm.
SSR, Ser. Biol. Nauk 1976, No. 4, 39-43; Soils Fertil. 1977, 40,
213. .

Tailakov, N.; Ataev, A. Effect of trace elements on fiber quality
and seed oil contents of cotton. Khlopkovodstvo 1978, No. 4,
39; Field Crop Abstr. 1974, 27, 198.

Vogel, A. 1. A Textbook of Practical Organic Chemistry, 3rd ed.;
English Language Book Society and Longman Group: Harlow,
UK., 1975.

Wally, Y. H. E. What the Ministry of Agriculture is doing for
Egyptian cotton. Egypt. Cotton Gaz. 1982, Oct, 47-51,

Wilson, D. O.; Boswell, F. C.; Ohki, K.; Parker, M. B.; Shuman,
L. M,; Jellum, M. D. Changes in soybean seed oil and protein
as influenced by manganese nutrition. Crop Sci. 1982, 22,
949-952,

Received for review January 25, 1993. Accepted June 14, 1993.¢

® Abstract published in Advance ACS Abstracts, August
15, 1993.




