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ABSTRACT

A field experiment was conducted at El-Khashaa —
Balteem, Kafr El-Sheikh Governorate, Egypt during two
successive growing seasons (2005/2006 and 2006/2007) to
investigate the response of wheat (Triticum aestivum L.)
variety Sakha 93 to copper application under different
levels of nitrogen fertilization grown on copper deficient
soil. The experiment was conducted in a split-split plot
design with four replicates. Nitrogen fertilization with
three N levels (80%, 100% and 120% of the recommended
doses: R.D.), the time of Cu application (tillering stage,
early boating stage and two split doses at tillering + early
boating stages) and Cu foliar spray with two levels 0.5 and
1.0 kg Cul/fed. are used as the main plot, sub-plot and sub-
sub-plot, respectively. The obtained results showed that
wheat grains yield is high significantly increased with
increasing the rate of nitrogen application up to 120% of
the recommended dose (120 kg N/fed) and also with
increasing the rate of copper application from 0.5 to 1.0 kg
Cu /fed. The grains yield was also increased according to
the application time of copper as follows: Cu applied in two
split doses at tillering + early boating stages > Cu applied
at early boating stage >Cu applied at tillering stage.
However, the increasing of nitrogen application led to
constrain the effect of copper on wheat yield. So that the
mean values of the rate of yield increment has decreased
with increasing the rate of N application up to 120% of the
recommended dose with copper application. Application of
120 % N of R.D. and 1.0 kg Cu/ fed, in two split doses at
tillering and early boating stages, resulted the highest grain
yields, while the lowest grains yield was obtained in the
control (zero copper application) at the lowest rate of
nitrogen fertilization (80% of R.D.). However application
of 100 % N of R.D. and 1.0 kg Cu/ fed in two split doses at
tillering and early boating stages was superior than the
application of 120% N of R. D without Cu treatment. The
results also showed that wheat straw yield, plant height,
spike length and tiller number have the same trend as those
of wheat grain yield. Also, N, P, K and protein contents of
wheat grains were increased by increasing N levels up to
120% of R. D. It is also clear that N contents of wheat
grains were increased with timing of Cu applications in the
order: Cu applied in two split doses at tillering + early
boating stages> Cu applied at early boating stage > Cu
applied at tillering stage, while P and K contents haven’t
affected by Cu application time.In the same manner, grains
N, P and K uptake followed the same trend as that of N, P,
K and protein contents (%b).
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INTRODUCTION

Wheat (Triticum aestivum L.) is the main source for
bread as a diet for the Egyptian population and wheat
straw is considered as an important animal fodder. The
country imported about 60% of the total consumption of
wheat grains. It is important to increase grains of wheat
production to reduce this gap. An important technique to
increase wheat production is the efficient use of nitrogen
fertilization as well as Cu application.

Nitrogen is most often limiting wheat production.
Adequate nitrogen fertilization is necessary to produce
high yield and increase its quality (protein content of
grains). High levels of protein are important for superior
wheat flour milling and baking characteristics. Nitrogen
availability plays a key role in determining tiller
number, kernel number and kernel size in the wheat
plant. Proper wheat fertilization normally have a protein
content greater than 14 percent (Franzen and Goos,
1997).

Copper is an essential nutrient required for the
normal growth and development of cereal crops.
Chlorophyll  production, protein  synthesis and
respiration are important plant functions that need
copper. About 70 percent of the copper in plants are
found in the chlorophyll. A copper deficiency can result
in early aging or lowered levels of chlorophyll, which
leads to yield reductions. Copper is necessary for the
formation of hemoglobin and also help keep bones,
blood vessels, and nerves healthy. Cereal species vary in
their sensitivity to copper deficiency. The usual order
of sensitivity is: winter wheat> spring wheat> barley>
oats> triticale> rye (Solberg et al.,1995).Copper
deficiency in cereals produces characteristic symptoms
that may be similar for these species. However, crops
growing on marginally copper deficient soils may have
losses of 20 percent or more in grains yield while not
showing visual symptoms of a deficiency. Copper
deficiency should be correctly diagnosed before copper
fertilizer is applied. The results of a soil test are a much
better predictor of the need for Cu in a fertilizer program
(Rehm and Schmitt, 1997).
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On Cu-deficient soils, symptoms generally occur in
irregular patches. Deficiency is often first noticed on
wheat as "stem melanosis”. This is a browning
discoloration of wheat associated with reduced yields
and ergot infestations (Solberg et al., 1995). In order to
correct Cu deficiency, copper-containing fertilizers have
to be applied either to the soil or directly to the plants as
foliar spray. Foliar spray is more effective than soil
application, particularly ~ under  low rainfall
condition.Application of high nitrogen levels delays the
translocation of copper from older leaves to the growing
points (i.e., head development), significantly enhancing
copper deficiency. High levels of phosphorous, zinc,
iron, manganese and aluminum may also restrict copper
absorption by cereal roots (Srivastava and Gupta,
1996).Yield responses to copper application have been
thought to be mostly associated with organic soils
(Kubota and Alloway, 1972). Canadian research on
barley and spring wheat showed yield responses with
copper application on mineral soils, mostly with low
organic matter content (Karamanos et al., 1986).
Because many soils in Egypt fit into this category, the
current study aimed to investigate the response of wheat
grains grown on light textured soil to copper foliar
fertilization under different levels of nitrogen
fertilization.

MATERIALS AND METHODS
Experimental layout

A field experiment was conducted, at EI-Khashaa —
Balteem, Kafr EI-Sheikh Governorate, Egypt during two
successive seasons 2005/2006 and 2006/2007. The
experimental layout was a split-split plot design with
four replicates. The main plot was assigned to N
fertilization with three N levels: 80%, 100% and 120%
of the recommended dose (120 kg N/fed), while the
subplot was the time of Cu application (the tillering
stage: T, early boating stage: T, and two split doses at
tillering + early boating stages: T3) and the sub-sub plot
was Cu foliar spray with two levels of applied copper as
copper sulfate (CuSO,.5H,0) at a rate of 0.5 and 1.0
kg/fed as Cul and Cu2, respectively. The copper
treatment contained less than 0.4 Kg/fed. sulfur as a
companion ion. Crop responses to applied sulfur are not
seen until sulfur rates exceed 4 Kg/fed., It was,

therefore, not necessary to include a sulfur application to
the check plots. The area of each plot was 5 X 8 square
meter.

Wheat grains (Triticum aestivum L.) Sakha 93. at a
rate of 60 kg/fed were sown. Other agricultural practices
were applied according to recommendation of Ministry
of Agriculture and Land Reclamation. The grain and
straw were collected after maturity from each and their
weights were measured at 15% moisture content. Grain
samples were washed by tap water then by distilled
water, oven dried at 70°C for 48 hours ground in a
stainless steel mill and then wet digested according to
the method described by Jackson (1967).

Total nitrogen in the digests was determined using
the MicroKjeldahl method as described by Jackson
(1967). Phosphorus was determined using the
calorimetric method (Jackson, 1967). Potassium was
determined by using flame photometer (Jackson, 1967).

Soil samples (0-30 cm) were taken from the
experimental site and analyzed before planting.
Electrical Conductivity (EC) was determined according
to Chapman and Pratt (1961) Soil reaction (pH), total
calcium carbonate and organic matter were determined
according to Cottenie et al. (1982a). Mechanical
analysis was carried out by Pipette method (Piper,
1950). Awvailable phosphorus was extracted using
sodium bicarbonate according to Olsen et al. (1954) and
then colorimetrically determined using
Spectrophotometer (Jackson  (1967). Awvailable
potassium was determined by using flame photometer in
the ammonium acetate extract, (Jackson, 1967).
Available copper was determined using Atomic
Absorption  Spectrometry in the DTPA extract,
according to Lindsay and Norvell (1978). The soil
analysis data for the experimental site are presented in
Table (1). The data obtained were statically analyzed
according to Cochran and Cox (1962).

RESULTS AND DISCUSSION

Table(1) showed that the organic matter content of
the soil of the experiment was low (1.1 %)and the soil is
considered copper deficient whereas the level of Cu in
the soil was 0.48 ppm and critical level of soil Cu
deficiency using 0.005 M DTPA (pH 7.3) extractant fall

Tablel. Some chemical and physical properties of the soil surface layer (0-30 cm) before planting

Available nutrients

mg/kg
pH* EC** OM Total cl _
s 0 . ay Silt  Sand
1:25 dS/m/25°C % Carlg/c;nate N K Cu % % % Texture
7.9 1.85 11 1.54 10 518 0.48 18.3 35.8 45.9 SISQ%V

* Measured in 1 : 2.5 soil water suspension, ** Measured in soil saturated water extract.
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in the range of 0.40 - 0.66 ppm as cited by Karamanos
et al. (1986) and Sakal et al. (1984a).

1) Effect of N fertilization on wheat yield and its
components:

Table(2) showed that the wheat yield and its
components: (grains and straw yield, plant height, spike
length and tillers number) are high significantly
increased with increasing the rate of nitrogen applied up
to 120% of the recommended dose (R.D.) during the
two growing seasons.The increment rates of grains yield
under 120% N of (R.D.) were 12.95% and 12.17%
compared to 100% N of (R.D.) in the first and second
growing  seasons,  respectively.  However, the
corresponding values of the rates of grain yield
decrement under 80% N of (R.D.) are 20.80% and
21.77% % compared to 100% N of (R.D.) in the first
and second growing seasons, respectively. These result
agreed with those obtained by Sabry et al. (1999), EI-
Desougi (2000) Muhammad (2001), Magsood et al.
(2002) and Megahed. (2005).

I1) Effect of application time of copper:

Table(2) showed that wheat yield and its components
are highly significantly affected by the application time
of copper. These are increased in the following order:
Cu applied in two split doses at tillering and early
boating stages> Cu applied at early boating stage> Cu
applied at tillering stage, at both the two rates of Cu
application (0.5, 1.0 kg Cu /fed.). This points out that
the critical period in copper-deficient plants is the early
booting stage (Marschner, 1997). These results agree
with those reported by Grundon (1980).

I11) Effect of copper application on wheat yield and
its components:

Table(2) showed that wheat yield and its components
are highly significantly increased as the rate of copper
application was increased up to 1 kg Cu /fed. This could
be attributer to that copper had enhanced chlorophyll
synthesis, which led to vyield increase (Solberg et
al.,1995). The grains yields in the first season increased
by 14.58 and 24.94 % as compared with the control
(zero Cu kg/fed.) for 0.5 and 1.0 kg Cu/fed. application,
respectively. The corresponding values were 15.95%
and 28.47% in the second season. These results were
agreed with those of Grundon (1980).

IV) Interactions effect between different treatment
on wheat grains yield:

Table(3) showed that application of 120 % N of
R.D. and 1kg Cu/ fed. in two split doses at tillering and
early boating stages resulted in the highest grains yields
(21.31 & 21.63 ardab/fed. in the 1% and 2" seasons,
respectively). However, the lowest grains yields (11.20
& 11.05 ardab/fed. for the two seasons, respectively)
were obtained in the control (zero cu) and at the lowest
rate of nitrogen fertilization (80% of R.D.).

Table(3) illustrates that increasing the rate of
nitrogen application led to decrease the stimulating
effect of copper application on grains yield. In other
words, the mean values of the relative yield increment
are decreased with increasing the rate of N application
up to 120% of R.D. This could be attributed to that,
application of high nitrogen levels accentuates Cu
deficiency in plants because of increasing the plant
growth increased plant requirements for Cu (Srivastava
and Gupta, 1996). This can be also due to that high
application of nitrogen would delay the translocation of
copper from older leaves to the growing points (i.e.,
head development) by promoting the organic N
compound levels in leaves that may bind Cu and also by
delaying senescence of older leaves, which could
significantly enhancing copper deficiency (Srivastava
and Gupta, 1996).

Table(3) showed that application of 100% N of R.D.
and 1 Kg Cu/fed. in two split doses at tillering and early
boating stages was superior to the application of 120%
N of R.D. without Cu by about 14.98% and 16.11% in
the two seasons, respectively.

IV) Effect of N and Cu application on N, P, K and
protein contents (%) and N, P & K uptakes of wheat
grains (kg/fed.):

Table(4) showed that N, P, K and protein contents of
wheat grains are increased by increasing N application
up to 120% of R.D. These results agree with those
reported by Mohammadi et al. (1991), El-Sherbieny et
al. (1999), El-Beyli et al. (2000), Staggenborg et al.
(2003) and Megahed (2005). Moreover, N and protein
contents are affected by timing of Cu application where
they are increased in the following order: Cu applied in
two split doses at tillering and early boating stages> Cu
applied at early boating stag > Cu applied at tillering
stage> Cu 0, within each treatment. However, P and K
contents were not affected by Cu time of application.
Grains uptake of N, P and K followed the same trend as
those of N, P, K and protein contents.
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Table 2. Effect of copper application on wheat yield and its components under different
levels of nitrogen fertilization in the two seasons

Grains yield Staw yield Plant height Spike length Tiller number
(ardab/fed) (ton/fed) (cm) (cm)
Treatment
1st 2nd lst 2nd 1st an 1st 2nd 15[ 2nd
season season season season season season season season  season  season
N1 12.942 13.021 2.421 2.369 89.649 88.278 9.681 9.778 8.00 7.917
N2 16.341 16.644 2.866 2.874 98.322 98.181 10.861 10.917 10.028 10.028
g N3 18.457 18.670 3.283 3.235 103.667 103.417 11.444 11.458 10.861 10.906
% F_test *% *%x *%k *%x ** ** ** *% *x *%
N
< 0.05 0.193 0.162 0.059 0.048 0.337 0.322 0.211 0.206 0.401 0.279
LSD
0.01 0.293 0.246 0.089 0.073 0.511 0.488 0.319 0.312 0.608 0.423
T1 15.441 15.593 2.743 2.699 95.771 95.458 10.236 10.319  9.194 9.139
T2 15.645 15.948 2.782 2.773 96.769 96.208 10.556 10.583  9.389 9.306
o K] 16.653 16.794 3.044 3.006 99.097 98.208 11.194 11.250 10.306 10.306
D
c
g F_test *% *% *%* *% *%* *%* ** *% **x *%
|_
0.05 0.136 0.110 0.037 0.026 0.268 0.257 0.116 0.139 0.196 0.170
LSD
0.01 0.187 0.150 0.051 0.036 0.367 0.352 0.159 0.190 0.269 0.232
Cu0 14.061 14.034 2.528 2.498 91.280 90.306 8.833 8.792 7.417 7.667
Cul 16.111 16.272 2.866 2.834 98.165 97.569 10.958 11.069 10.250 10.111
g Cu2 17.568 18.029 3.176 3.146 102.192 102.625 12.194 12.292 11.222 10.972
:/ F_test *x **k *% **k *% *% *% ** *x **
(<5
a
8 0.05 0.161 0.151 0.034 0.037 0.326 0.308 0.167 0.188 0.236 0.232
LSD
0.01 0.214 0.201 0.045 0.049 0.434 0.410 0.223 0.251 0.315 0.309
N X CU *% *% *% *% *%x *%x ns ns ns *
c
% N XT ns ns ns ** ns il ns ns ns *
©
E Cu x T *%k **k *% **k *% *% *% **k *% **k
=
NXCuXT ns ns ns ns ns ns ns ns ns ns

N1: 80% N of the recommended dose (R.D.).

N2: 100% N of the recommended dose (R.D.).
N1: 120% N of the recommended dose (R.D.).

T1: Tillering stage.

T2: early boating stage.
T3: Tillering + early boating stages.

Cu0: 0 kg Cu /fed.
Cul: 0.5 kg Cu /fed.

Cu2: 1 kg Cu /fed.
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Table 3. Effect of copper application on wheat grains yield (ardab/fed.) under different

levels of nitrogen fertilization (two seasons)

First season Second season
N % of Copper
R.D. Application  treatment  Grains yield Relative Grains yield Relative
time (ardab/fed.) increase % (ardab/fed.) increase %
Cuo 11.20 00.00 11.05 00.00
Cul 12.77 14.02 12.81 15.93
Tillering
Cu2 13.72 22.50 13.82 25.07
80 % Early Cul 13.08 16.79 13.21 19.55
boating cu2 13.74 22.68 14.23 28.78
Tillering+ Cul 14.10 25.89 14.12 27.78
early
boating Cu2 15.53 38.66 15.85 43.44
Mean 13.45 20.08 13.58 22.93
Cuo 14.31 00.00 14.40 00.00
Cul 15.80 10.41 16.15 12.15
Tillering
Cu2 17.47 22.08 18.08 25.56
Cul 16.06 12.23 16.34 13.47
100 % Early
boating Cu2 17.73 23.90 18.68 29.72
Tillering+ Cul 17.48 22.15 17.50 21.53
early
boating Cu2 19.62 37.11 19.86 37.92
Mean 16.92 18.27 17.29 20.05
Cuo 16.68 00.00 16.66 00.00
Cul 17.84 06.95 17.80 06.84
Tillering
Cu2 19.19 15.05 19.58 17.53
Cul 18.22 9.23 18.43 10.62
120 % bEar.'y
oating Cu2 19.81 18.76 20.54 23.29
Tillering+ Cul 19.71 18.17 20.09 20.59
early
boating Cu2 21.31 27.76 21.63 29.83
Mean 18.97 13.70 19.25 15.53

Cu0: 0 kg Cu /fed. Cul: 0.5 kg Cu /fed. Cu2: 1 kg Cu /fed.
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Table 4. Effect of copper application under different rates of N application on N, P and K
contents and protein content of wheat grains (After the second season)

Grains Protei Grains Grains
N % Copper N
‘ treat . uptake of n . uptake of . uptake of
0 ot reatmen conten conten conten
Applicatio N conten
R.D. n time t t% t%
(kg/fed) t % (kg/fed) (kg/fed)
Cuo0 1.00 16.58 6.25 0.32 5.30 0.54 8.95
Cul 1.21 23.25 7.56 0.30 5.76 0.52 9.99
Tillering
Cu2 1.26 26.12 7.88 0.31 6.43 0.42 8.71
80 Early Cul 1.22 24.17 7.63 0.31 6.14 0.50 9.91
% boating Cu2 1.30 27.75 8.13 0.30 6.40 0.51 10.89
Tillering+ 1 133 28.17 831 030 6.35 0.42 8.90
early
boating Cu2 1.36 32.33 8.50 0.31 7.37 0.49 11.65
Mean 1.24 25.48 7.75 0.31 6.25 0.49 9.86
Cuo0 1.39 30.02 8.69 0.38 8.21 0.63 13.61
Cul 1.51 36.58 9.44 0.41 9.93 0.62 15.02
Tillering
Cu2 1.59 43.12 9.94 0.43 11.66 0.63 17.09
100 Early Cul 1.52 37.26 9.50 0.37 9.07 0.65 15.93
% boating Cu2 1.62 45.39 10.13 0.42 11.77 0.67 18.77
Tillering+ Cul 1.62 42.53 10.13 0.40 10.50 0.66 17.33
early
) Cu2 1.81 53.92 11.31 0.40 11.92 0.67 19.96
boating
Mean 1.58 41.26 0.88 0.40 10.44 0.65 16.81
Cuo 183 4573 1144 046 1150 079  19.74
Cul 1.92 51.26 12.00 0.49 13.08 0.78 20.83
Tillering
Cu2 1.99 58.45 12.44  0.50 14.69 0.75 22.03
120 Early Cul 2.08 57.50 13.00 048 13.27 0.79 21.84
% boating Cu2 2.16 66.55 13.50 0.47 14.48 0.74 22.80
Tillering+  Cul 2.31 69.61 14.44  0.47 14.16 0.83 25.01
early
] Cu2 2.37 76.89 1481 0.49 15.90 0.88 28.55
boating
Mean 2.09 60.86 13.09 0.48 13.87 0.79 22.97

Cu0: 0 kg Cu /fed.

Cul: 0.5 kg Cu /fed.

Cu2: 1 kg Cu /fed.
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CONCLUSION

Foliar application of 1 Kkg/fed. of copper as
CuS0,.5H,0 into two split doses, at tillering and early
boating stages of wheat plants grown on copper
deficient soils increased the over all yield under efficient
use of nitrogen fertilization. Also, with foliar application
of cupper, the nitrogen application rate could be
decreased by about 20% without significant decrease in
grains yield.
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