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Abstract

Two field experiments of corn were conducted at Nubaria Agric.
Res. Station representing highly calcareous soil (30 % CaCo3), and at
Gemmiza Agric. Res. Station representing alluvial soil dealing with corn.
Each kilogram seed was mixed with two rates of Zn, Mn and Fe nutrients
by the coating method. Data of yield characters and quality were com-
pared with those resulting from foliar treatment and the control.

Application of 0.30 g Zn + 0.15 g Mn + 0.30 g Fe-chelate/Kg
seed by the coating method, in both calcareous and alluvial soils , in-
creased crop production. Such percentage incerases were 48.6, 7.05,
4.22, 49.95 and 48, 57% for the grain yield, shelling percentage, weight
1000 grains, starch and protein content, respectively, over the control
for calcareous soil. Corresponding increases were 34.25, 3.80, 12.23,
36.23 and 93.32 % for the alluvial soil.

Foliar treatment with Zn + Mn + Fe showed an increase in the
grain weight, weight of 1000 grains, starch and protein contents where
the precentage increases were 19.66, 1.92, 22.14 and 14.54 respec-
tively over the control for calcareous soil. Corresponding increases were
14.55, 1.93, 14.98 and 50, 58 % for the alluvial soil. In this connec-
tion, shelling percentage decreased in both soils.
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INTRODUCTION

Available zinc is not sufficient under most Egyptian soils especially in calcar-
eous soils. The same conclusion is also noticed with regard to other micronutrients
i.e. Mn and Fe. In recent years, some evidence had been developed that application of
micronutrients to plants had resulted in better growth and more yield under the
Egyptian conditions.

Approaching optimum nutritional status within plant tisues is very difficult as
the balahce between different nutrients is changed during various periods of growth.
Almost any change in the addition or the uptake of one nutrient is likely to alter the
growth pattern through complicated vital processes which might change the balance
between different nutrients in plant tissues.

Micronutrients affect directly or indirectly photosynthesis, respiration, pro-
tein synthesis..etc. The presence or absence of any nutrient during a specific stage
of plant growth might affect the growth pattern through alteration in metabolic pro-
cesses .

. The present investigation was carried out to study the effect of Zn, Mn and
Fe-nutrients on yield and quality of corn grown in calcareous and alluvial soils of

Egypt.

MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural Research Station of
Nubaria at northern Tahrir representing the highly calcareous soils (30% CaC03)
and at Gemmiza (representing alluvial aocils). The aim of this investigation was to
study the effect of some micronutrients applied at different rates and methods of
application on the yield and quality of corn.

The soil samples were analysed for their content of available nutrients ac-
cording to Jackson (1958) and Lindsay and Norvell (1969). The levels of available
Zn, Mn and Fe as detemined by DTPA extraction were found to be 1.0, 6.0 and 5.4
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ppm respectively, for the calcareous soil. Corresponding values for the alluvial soil
were 1.6, 8.0 and 7.6 ppm . The pH of the soil water suspension was 8.4 and the E.C.
was 1.8 mho/cm for the calcareous soil. Corresponding values for the alluvial soil-
were 8.1 and 1.5.

Coating elements were used at the rate of 0.15 and 0.30 g/Kg grains. Zn and
Mn were used in the form of EDTA, and Fe element was used in the form of EDDHA.
These rates were used at several combinations.

The EDTA compound of the above mentioned elements was used at the concen-
tration of 0.3 g/L at the volume of 400 L/feddan for the spraying treatment. Trit-
non B material was used in all treatments as a wetting agent.

The basal fertilizer treatments were applied at the rate of 90, 30 and 48 Kg/
feddan as N, P205 and KZO’ respectively. The nitrogenous fertilizer was applied at
two doses; after 21 and 35 days from sowing, whereas other fertilizers were ap-
plied before planting.

Harvest was carried out when the moisture percentage in grain reached 30%.
Kernels were thoroughly scraped off the cobs to obtain grain yield. Grain yield de-
temination was calculated on 15.5 % moisture basis. Shelling percentage and weight
of 1000 grains were also determined.

Leaf ear samples were taken from the plants at the tasseling stage and pre-
pared for the determination of Zn, Mn and Fe according to Jackson (1958). Starch
amount of grain was determined according to Said and Nada (1947). Nitrogen was
determined by the semi-micro Kjeldahl method.

RESULTS AND DISCUSSION

1- Yield of Corn grains :

The yield of corn grain is governed by the moisture content, shelling percent-
age and the weight of grains.

At the harvesting stage, ears weight as Kg/feddan were singnificantly affect-
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ed by different manurial treatments (Table 1). The highest ears weight was given by
the coating of seeds with 0.30 Zn + 0.15 Mn + 0.30 Fe/ Kg grains grown in the cal-
careous soil. The percentage increase of ears weight was 40.6% over the control.
Corresponding increase was 23.4 % for the spraying trearment. Soil analysis indi-
cated that available Zn, Mn and Fe-nutrients were not adequate. Hence, application of
such nutrients to the plants had resulted in the best growth and the highest yield un-
der both soils, especially the calcareous one. This was true with regard to the mean
yield with both soils (Table 1) , where the mean yield in the calcareous soil was
3944.8 Kg ears/feddan. Corresponding value for the alluvial soil was 4927.0 Kg
ears/feddan. This difference in the yield might be due to the divergence in soil fer-
tility status. Accordingly,, coated grains with 0.30 Zn + 0.15 Mn + 0.30 Fe as well
as spraying treatments increased ear weight by 24.4% and 10.8% over the control,
respectively (Table | B).

Grain yield on 15.5% moisture basis, significanty increased by either coating
or spraying (Table 1). The percentages of increase in grain weight were 48.6 % and
19.7% over the control, respectively with calcareous soil. The corresponding in-
creases for the alluvial soil were 34.3% and 14.6%.

It is clear therefore that the changes in percent increases of ear weight at
harvest , and in grain weight on 15.5% moisture basis, had indicated an earliness in
grain's yield . This was apparent when the control and spraying treatment were tak-
en in comparison.

2- Weight of 1000 corn grains :

As shown in Table 1 the 1000 grain weight of corn was generally heavier with
the coated grain treatment than in the control and the spraying treatment. For the
calcareous soil, significant differences in 1000 grain weights were obtained for
coating grains with 0.30 Zn + 0.15 Mn + 0.30 Fe over the control and spraying
method where the values were 402.5, 419.5 and 410.37g for the control, coating
and spraying methods, respectively. Corresponding values for the alluvial soil were
417.10, 468.10 and 425.15g . This increase in grain weight could be attributed to
the effect of micronutrients on the accumulation of carbohydrates through their cat-
alytic role in the photosynthetic or respiratory pathways. It was reported that the
ratio between the micronutrients in plant tissues was very important for the accu-
mulation of many nutrients in plant (Osawa, 1973). In addition, many workers had
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Table 1. Effect of Zn, Mn and Fe-nutrients on the yield component of corn grown in
the calcareous and alluvial soils.

Treatment Field Wt. Weight at 15.5 basis Shelling Weight
g/Kg grains ears of 1000
Zn Mn Fe Kg/fed. | Grain Kg/fed. | Cobs Kg/fed. % grains
A - Calcareous

Control 321.00 2335.2 527.3 81.58 402.50
.15 .15 .15 | 3700.4 2651.6 609.1 81.32 380.00
.15 .15 .30 | 3951.2 2840.6 624.4 81.98 415.45
.15 .30 .15 | 3751.0 2700.6 642.6 80.78 415.35
.30 .30 .30 | 4039.2 2877.0 689.4 80.67 402.85
.30 .15 .15 | 3999.6 2982.0 540.3 84.66 412.40
.30 .15 .30 | 4501.2 3469.2 503.3 87.33 419.50
.30 .30 .15 | 4252.6 2976.4 762.8 79.60 397.95
.30 .30 .30 | 4100.8 2863.0 741.8 79.40 414.90
Spraying 3951.2 2794.4 750.4 78.83 410.37
LS.D. 5% 660.0 448.0 83.4 4.20 7.07

B- Alluvial

Control 4305.4 2800.0 758.7 78.68 417.10
.15 .15 .15| 5024.8 3379.6 962.1 77.84 241.00
.15 .15 .30 5154.6 3619.0 922.3 79.69 426.40
.15 .30 .15| 5093.0 3369.8 864.1 79.59 421.45
.15 .30 .30| 4965.4 3302.6 932.6 77.98 458.75
.30 .15 .15| 4494.6 3042.2 752.5 80.17 438.20
.30 .15 .30| 5354.8 3759.0 843.1 81.68 468.10
.30 .30 .15] 5115.0 3449.6 959.4 78.24 475.35
.30 .30 .30 4989.6 3194.8 932.8 77.57 425.15

Spraying 4769.6 3207.4 916.3 77.78 425.15
LSD. 5% 783.2 533.4 159.6 2.41 32.17
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showed that application of many micronutrients regulates the content of nutrients in
plant tissues (Badre 1980; Fuaad 1982; Orabi et al., 1982).

3- Shelling Percentage :

The effect of applying Zn, Mn and Fe-nutrients through the coating method on
the shelling percentage of corn yield is shown in Table 1. Results show that coating
grain corn with 0.30 Zn + 0.15 Mn + 0.30 Fe/Kg had significantly increased the
Shelling percentage over the control in the calcareous and alluvial soils. The same
trends were obtained in case of coating over the spraying treatment for the calcare-
ous soil, but the difference was not significant with the alluvial soil.

With regard to the cobs, as weights of as Kg/feddan, 0.30 Zn + 0.15 Mn +
0.30 Fe treatment as well as spraying treatment gave lower values of cobs weight
than in the control where the cobs weights were 503.3 and 750.4 Kg/feddan for
both treatments, respectively in case of calcareous soil. The control recorded
527.3 Kg/feddan. Corresponding values were 843.1, 916.3 and 758,7 Kg/feddan
for the alluvial soil. Such data indicate that spraying treatment with Zn, Mn and Fe
had resulted in a high weight of cobs rather than grains, and had led to a lower shell-
ing percentage.

4 - Starch yield :

Starch is the first abundant constituent of corn followed by protein. Consider-
able variation in starch content is caused by genetic or environmental factors. Corn
grain starch content as affected by Zn, Mn and Fe- nutrients with different methods
is shown in Table 2. In case of calcareous soil, all treatments that received 0.30g
Zn in combination with Mn and Fe had significantly increased starch yield either by
coating or by spraying over the control. As for the alluvial soil, the highest starch
content was produced with 0.30 Zn + 0.15 Mn + 0.30 Fe treatment over the control
as well as the spraying treatment. This might be due to the fact that many micronu-
trients affect the accumulation of carbohydrates through their effect on photosyn-
thesis pathway, or through respiratory, anabolism and catabolism,prcesses (Hewitt
1963; Clarkson; Hanson 1980).

5- Protein Yield :

As indicated in Table 2 the highest protein yield of corn was indicated with the
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Table 2. Effect of Zn, Mn and Fe-nutrients on starch and protein contents of corn

grain grown in the calcareous and alluvial soils.

Treatment Calcareous soil Alluvial soil

9/Kg grain Starch Protein Starch Protein

Zn Mn Fe Kg/fed. Kg/fed. Kg/fed. Kg/fed.
Control 1466.5 248.9 1788.0 258.6
a5 415 b 1622.8 2312 2092.0 377.6
A5 A% 30 1760.5 235'3 2084.9 369.2
a5 30 5 1642.0 314.0 2096.0 343.8
.15 .30 .30 1766.5 321.4 2077.3 416.0
B30 A5 .15 1959.2 340.6 1910.5 362.4
805 4y 530 2199.0 369.8 2435.8 499.9
.30 .30 .15 1940.0 288.4 2290.5 401.1
30 30 30 1869.0 305.2 2031.9 356.9
Seraiig 1791.2 285.1 2055.9 389.4

X 1811.8 294.0 2325.9 377.5
L.S.D. 5% 308.6 50 374.6 83.5

application of 0.309.Zn + 0.15g Mn + 0.30g Fe by coating over the control in cal-

careous and alluvial soils. While the spraying treatment produced high protien yield

with the alluvial soil, it failed to reach 5% significance over the control in case of
the calcareous soil. These results may be discussed on the basis that Zn, Mn and Fe

affect nitrogen metabolism and play an important role in protein synthesis (Delvin
and Withman, 1983).

During the early period of growth (leaf formation stage) the need for micronu-
trients is very essential for building up different plant organs especially the leaves.
Seed treatment by the coating method is needed for root poliferation and absorption
in order to cover the requirements of plant organs through the early stage of gro-
wth, while late application of micronutrients by the spraying method had a slight ef-
fect especially with the calcareous soil.
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6- Leaf ear analysis :

Results in Table 3 clearly show the effect of different manurial treatments of
Zn, Mn and Fe concentrations on leaf ear samples taken at the tasseling stage for the
two experiments. Obtained data indicated that Zn, Mn and Fe concentrations' were
relatively low.in calcareous soil. This may explain the higher response to such nu-
trients by the coating method compared to the other methods. It seems that micro-
nutrients application throug coating passes through the surface of corn grain by dif-
fusion and translocation to the developing plant parts (El- Gowhari et al., 1970). It
was reported that the ratio between micronutrients in plant tissues was very im-
portant for the accumulation of many nutrients in plants (Badre 1980, Fuaad 1982).

Table 3. Effect of Zn, Mn and Fe nutrients on the leaf ear analysis at the tasseling
stage of corn plant grown in calcareous and alluvial soils.

Treatment Calcareous soil Alluvial soil

g/Kg grains
Zn Mn Fe Zn (ppm) |Mn (ppm) |Fe (ppm)| Zn (ppm) | Mn (ppm) | Fe (ppm)

Control 15 20 80 25 30 100
A52 Bl <15 30 20 100 35 35 120
A5 1530 35 20 120 35 40 130
A5 <80 A5 40 30 100 45 45 90
.15 .30 .30 35 40 100 30 50 120
30 .15 .15 45 60 100 50 45 100
.30 .15 .30 55 40 120 60 45 140
.30 .30 .15 45 25 100 45 50 95
.30 .30 .30 45 40 140 50 60 120

Spraying 65 60 100 70 50 120

X 41 36 106 45 45 114
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