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Abstract

A 2-year field study was carried out at Ismailia Agricultural Re-
search Station during the two growing winter seasons of 1997/1998
and 1998/1999 to evaluate the optimum physiological stage of wheat
plants for micronutrients Fe, Zn and Mn application. Mixture of Fe-chelate
(6 % Fe), Zn-chelate (12 % Zn) and Mn-chelate (13 % Mn) at the ratio
of 3:2:2 respectively was foliar applied (1 g mixture/L of water) at dif-
ferent physiological growth stages, i.e. tillering, elongation, booting and
heading. The wheat plants received a single spray at each of these stag-
es or two sprays at each pair of these stages alternatively.

The obtained results revealed that foliar applications of the stud-
ied micronutrients at booting stage only or along with either tillering or
elongation stage had the most significant effect on increasing wheat
grain and straw yields along with the investigated yield attributes as well
as grain protein content. This may suggest that booting stage is the
most suitable stage to apply micronutrients for wheat plants, another
spray at tillering or elongation stage being favorable. Grain contents of
P, Fe, Zn and Mn were not significantly affected by the time of micronu-
trient application whereas grain K content did.

INTRODUCTION

Supplying nutrient elements to plants as foliar application, at a specific physio-
logical growth stage, is undoubtedly of great importance especially in micronutrient de-
ficient sandy soils. Researches showed that increased growth and yields of different
crops were frequently obtained by foliar spray with micronutrients even where there
were no deficiency symptoms. However, application of excessive amounts may lead to
toxicities with severe consequences for the following crops in the rotation. So, micronu-
trients should not he applied as a "shotgun" application to cover possible deficiencies.
The problem of deficiencies or unavailability of micronutrients have been demonstrated
in both calcareous and sandy soils, where wheat plants can do well. Foliar application of
micronutrients for wheat plants proved to be useful in solving the problem of unavaila-
bility of micronutrients due to relatively high pH of Egyptian soils.
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Many investigators have demonstrated the mode of response of wheat plants to
micronutrients. Spraying zinc sulphate (0.3%) at 45 and 60 days from sowing on
wheat plants grown at some Egyptian Governorates in the Delta and Nile Valley realized
an increase of about 20% as an average (Sayed ef al., 1984). El-Awady and Abdel-
Naim (1990) obtained the maximum yield of wheat by double foliar application of 0.4%
Zn as ZnSO, at tillering and booting stages, at Sids Research Station. From 1981 to
1989, a series of field experiments was carried out by Abd el-Hadi et al. (1990) at
some governorates in Nile Delta, Middle Egypt and Upper Egypt. The response of wheat
to micronutrients (Zn and Fe) application was observed in some locations while no re-
sponse was obtained in the others. Soil and foliar application of Zn and its interaction
with N and P in highly calcareous soils had positive effects on wheat (EL-Bagoury,
1974). Grain and straw yields of wheat as well as protein yield responded also positive-
ly to Zn, Mn and Fe as well as some foliar fertilizers (Abdel-Hadi et al., 1990 and Has-
san et al., 1992). Foliar application of micronutrients (Fe, Zn and Mn) after 40 and 60
days from sowing significantly increased grain and straw yields of wheat plants grown
on sandy soils (Mousa et al, 1994). Also, Dahdoh (1997) reported that the highest
grain yield was obtained by foliar application of 0.5% Fe + 0.25% Cu or 0.5% Zn +
0.5% Mn (as sulphate form) on wheat plants grown on a sandy soil. Results of 33 on
farm trials proved that grain yield responded positively to Zn, Mn, and Fe combinations
in Egypt (Firgany et al, 1983). The objective of this study is to optimize the time of
micronutrients (Fe, Zn and Mn) application to wheat plants to maximize wheat produc-
tion grown on sandy soils.

MATERIALS AND METHODS

Two successive field experiments were carried out during 1897/1998 and
1998/1999 growing winter seasons at Ismailia Agricultural Research Station (sandy
soil) to investigate the optimum physiological stages of wheat plants for micronutrients
(Fe, Zn, and Mn) application and their effect on wheat grain and straw yields as well as
some grain chemical contents. Wheat cultivar Sakha 69 was planted in both seasons. A
randomized complete block design with four replications was followed. The plot area
was 12 m?. Wheat grains were sown at the rate of 60kg/fed in raws, 20 cm apart un-
der sprinkler irrigation system. Chemical analysis of the experimental soil was per-
formed (Table,1). Chelate mixture from Fe(6%), Zn(12%) and Mn(13%) at the ratio of
3:2:2 respectively was prepared and applied as a foliar spray at the rate of 1 g chelate
mixture/litre of water at the following physiological stages:
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. control (without spraying)

. one spray at tillering stage (one month after sowing)

. one spray at elongation stage (45days after sowing)

. one spray at booting stage (55-60 days after sowing)
. one spray at heading stage (70-75 days after sowing)
. two sprays at both tillering and elongation stages

. two sprays at both tillering and booting stages

0O N OO A WD =

. two sprays at both tillering and heading stages

9. two sprays at both elongation and booting stages
10. two sprays at both elongation and heading stages
11. two sprays at both booting and heading stages

All the experimental plots received 30 kg P,Os; as ca-superphosphate (15%
P>Os) and 24 kg KO as K-sulphate (48% K,0) / fed. as recommended rates before
sowing, while the recommended N rate (120kg/fed.)as ammonium sulphate (20.6% N)
was applied in five equal doses starting from planting and every two weeks. At harvest-
ing, both grain and straw yields / fed. as well as some vyield characters were recorded.
Grains were digested and their contents of N, P and K were determined in the digestion
solution. Nitrogen was determined by micro-Kjeldahl method then multiplied by 5.7 to
obtain protein content. Phosphorus was determined colorimetrically (Jackson, 1967)
whereas K was determined using the flame photometer. Grain contents of Fe, Zn and
Mn were also determined in the digestion solution by atomic absorption spectrometer.
Standard analysis of variance and combined analysis overall the two years were per-
formed according to Snedecor and Cochran (1969)

Table 1. Chemical analysis of the experimental soils

Soil properties 1997/1998(1998/1999
pH (1 :2.5, soil: water, suspension ) 7.50 7.95
EC, mmhos/cm (1: 5, soil: water ) 0.23 0.35
CaCO03 (%) 0.16 0.33
Available N (ppm ) 40.0 30
Available P (ppm ) 2.4 4.0
Available K (ppm ) 53.5 107.0
Available Fe (ppm ) 1.22 1.48
Available Zn (ppm ) 0.56 0.30
Available Mn (ppm ) 0.60 0.76
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RESULTS AND DISCUSSION

1. Effect of time of micronutrient application on some yield compo-
nents:

The efficiency of micronutrients Fe, Zn and Mn in sandy soils is an important fac-
tor affecting wheat production in such soils, which are characterized by most micronu-
trient deficiency. The statistical analysis of the data given in Table 2 showed that foliar
application of the studied micronutrients at elongation and / or booting stages as well
as two sprays at both tillering and booting stages gave the most highly significant in-
creases in plant height, spike length and 1000-grain weight during the two growing
seasons, over the control. This was confirmed by the combined analysis, but there
were no significant differences between these stages. This indicates that both elonga-
tion and booting growth stages, and in some cases tillering stage, are the most vigor-
ous and optimum stages to apply these micronutrients. The plant at these stages is in
high vigour and needs these microelements which have very essential functions in plant
metabolism concerning growth, respiration, chlorophyll synthesis, photosynthesis and
so on. In this connection, Amberger (1974) reported in experiments with cultured ex-
plants that Fe acts as a "trigger” in stimulating cell division and growth in quiescent
carrot tissues. He also indicated that lack of Mn blocks chlorophyll synthesis and inter-
rupts synthesis of cell walls (lipid metabolism). Also, one of the most important action
of Zn is its effect on growth regulation by controlling auxine metabolism via the amino
acid tryptophane. Worth mentioning that the plants received sprays at heading stage,
at both tillering and elongation stages or at both elongation and heading stages
showed no significant effects on the above mentioned yield attributes in most cases.

2. Wheat yields as affected by time of micronutrient application:

The result of the wheat yield in Table 3 revealed that although foliar application
of micronutrients at any growth stage gave significant increases in grain yield /plant,
plants which received one spray at booting stage or two sprays at both tillering and
booting stages gave the highest grain yield /plant. However, foliar application of the
micronutrients at booting stage only or two sprays at any two growth stages except
tillering + elongation stages showed significant increases in wheat grain yield as shown
in Table 3. Again, plots receiving one spray at booting stage, two sprays at both tiller-
ing and booting stages or at both elongation and booting stages gave the highest grain
yields (7.66, 8.01 and 7.86 ardab/fed. respectively) showing that spraying the micro-

nutrients was most effective at these growth stages, especially booting stage, since it
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alone or along with other stages, recorded the highest grain yield. This could be due to
that the used micronutrients have the most effective functions on plant metabolism at
these specific growth stages especially booting stage.

Table 2. Plant height, spike length and 1000 - grain weight as affected by micronutri-
ents (Fe, Zn and Mn) application at different physiological stages of growth

Micronutrient plant height spike length 1000 - grain weight
application time {cm) (cm) (g)
(stage)

97/98(98/99Mean |97/98|98/99| Mean [97/98(98/99| Mean

Control (No spraying) | 77.0 | 80.4 |79.1| 7.33 | 8.03 | 7.68 | 37.6 38.6 | 38.1

Tillering stage 81.0 | 84.6 [82.8] 9.10 | 9.07 | 9.08 | 41.8 | 42.0 | 41.9
Elongation stage 85.1 | 87.3 [86.2| 9.70 | 9.30 | 9.33 | 40.8 | 41.2 | 41.0
Booting stage 87.4 1 90.0 |88.7| 993 | 9.67 | 9.80 | 42.0 | 43.6 | 42.8
Heading stage 82.4 | 82.3 |82.3|8.87 | 8.67 | 8.77 | 39.5 | 40.8 { 40.2
Tillering + Elongation 80.4 | 83.7 |82.1]8.27 | 8.23 | 8.25 | 41.2 | 40.1 | 40.7
Tillering + Booting 87.0 | 87.4 187.2|10.20| 9.93 [10.07] 43.7 | 43.7 | 43.7
Tillering + Heading 84.3 | 84.0 [84.2]9.70 | 863 | 9.17 | 39.5 | 40.3 | 40.0

Elongation + Booting 86.6 | 87.5 |87.1]9.00 | 9.33 | 9.17 | 435 | 42.3 | 43.0
Elongation + Heading 82.3 | 82.0 [82.1]8.27 | 8.20 | 8.23 | 37.6 | 40.0 | 38.8
Booting + Heading 81.6 | 82.1 {81.8| 8.80 | 8.93 | 8.87 | 41.6 | 41.9 | 41.8
L. S. D at 0.05 4.9 38 | 42]093]|073|08t]|300]| 22|25

The obtained results of straw yield in Table 3 showed nearly the same trend of
grain yield as the spraying of micronutrients was most effective when plants received
two sprays at both tillering and booting stages or at both elongation and heading stag-
es, which recorded the highest straw yield (5.26 and 5.13 t/fed. respectively).

It could be concluded that wheat plants grown on such deficient micronutrient
soils should receive two sprays of micronutrient solution, one of them must be at boot-
ing stage and the other at either tillering or elongation stage.

3. Grain contents of P, K and protein as affected by time of micro-
nutrient application:

Wheat grain protein content was significantly increased over the control by foliar
application of micronutrients at any growth stage except for wheat plants receiving sin-
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gle spray at tillering stage, where protein content was not significantly affected. How-
ever the combined analysis over all the two years showed that plants which received a
single spray at booting stage or two sprays at both tillering and booting stages record-
ed the highest significant protein content (13.26 and 13.15% respectively). Here
again, the wheat plants showed a higher utilization of the sprayed micronutrients which
play an important function in protein formation. In this connection, Amberger (1974)
mentioned that the amount of protein in iron deficiency leaves is lower but the total
concentration of free amino acids is much higher than that in the control. Manganese
also has important functions in plant metabolism especially in photosynthesis, nitrate
reduction, amino acids and protein synthesis. Zinc is necessary for RNA and protein
synthesis (Amberger, 1974). On the other hand, the combined analysis over the two
years showed that grain P content was significantly affected only by two sprayings of
the micronutrients at both booting and heading stages, whereas grain K content was
significantly affected by foliar micronutrient application at most physiological stages. In
this regard, El-Bagouri (1974) and EL-Kadi et al. (1975) reported that Zn application
did not show an apparent effect upon P concentration in barley and wheat; Mn being

effective.

Table 3. wheat yield as affected by micronutrient Fe, Zn and Mn application at differ-
ent physiological stages of wheat plant growth.

Micronutrient grain weight / plant Grain yield Straw yield

application time (9) (ardab / fed ) (ton /fed )
(stage) 97/98|98/99| Mean |97/98/98/99 | Mean {97/98|98/99 [Mean
Control (No spraying){ 0.803 | 0.957|0.880| 5.97 5.70 | 5.83| 3.38 | 3.50 }3.44
Tillering stage 1.380| 1.613|1.496| 6.81 | 6.20 | 6.51 | 4.04 | 4.33 [4.18
Elongation stage 1.481]1.783|1.632| 6.69 | 6.55 | 6.62| 4.07 [ 4.12 |4.09
Booting stage 2.165| 2.0762.121| 7.71 | 7.61 |7.66 | 4.84 | 4.73 |4.79
Heading stage 1.495| 1.6681.582| 6.86 | 6.42 | 6.64| 4.06 | 4.86 {4.46

Tillering + Elongation | 1.413 | 1.499[1.456] 6.63 | 5.90 6.27 | 4.61 | 4.40 {4.51
Tillering + Booting 2.324}2.290|2.307| 8.09 | 7.92 |8.01| 5.37 | 5.16 |5.26
Tillering + Heading |2.006] 1.5291.767| 7.38 | 6.60 | 6.99 4.82 | 4.63 4.73
Elongation + Booting | 1.467 | 2.037[1.752| 8.07 | 7.64 | 7.86| 5.00 | 4.38 4.69
Elongation + Heading | 1.227| 1.3121.270| 7.12 | 7.34 7.23| 5.27 | 4.99 |5.13
Booting + Heading 1.725| 1.855|1.790| 7.23 | 6.86 {7.04 | 4.45 | 4.37 |4.41|
L. S. D at 0.05 0.413]0.192]0.311| 0.88 | 0.83 | 0.83| 0.88 | 0.71 |0.77
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Table 4. Grain contents of P, K and protein % as affected by the time of foliar micronu-
trient application

Micronutrient Protein (%) P(%) K(%)
application time |197/98(98/99 | Mean |97/98|98/99 | Mean | 97/98|98/99 | Mean
(stage)
Control (No spraying)| 7.93 | 8.44 | 8.18 | 0.277|0.332]0.305| 0.37 | 0.37 [0.370
Tillering 10.72| 9.54 (10.13|0.349]0.421 |0.385| 0.43 | 0.43 |0.428
Elongation 10.26 | 11.25[10.75] 0.268 [ 0.348 |0.308| 0.47 | 0.40 [0.433
Booting 13.26 | 13.25 [13.26 0.398 | 0.347 [0.373| 0.48 | 0.45 |0.465
Heading 12.58 | 12.88 [12.73 0.347 ] 0.386 [0.366| 0.48 | 0.42 |0.450

Tillering + Elongation | 10.72 [ 11.10|10.91] 0.308 | 0.413 (0.360( 0.47 | 0.42 [0.445
Tillering + Booting 13.39]12.91]13.15]| 0.351 | 0.419|0.385| 0.47 | 0.47 |0.465
Tillering + Heading 10.93112.66 [11.79]0.277 | 0.361 |0.319| 0.41 | 0.44 |0.423
Elongation + Booting | 12.41| 12.56 [12.46( 0.380 | 0.341 |0.361| 0.49 | 0.44 |0.463
Elongation + Heading | 10.27 | 10.97 [10.62{ 0.317 { 0.418 |0.367| 0.54 | 0.45 |0.493
Booting + Heading 12.15111.25]11.70] 0.411 | 0.427 |0.419| 0.48 | 0.46 |0.468
L. S. D at 0.05 2.78 | 2.58 | 2.43 | NS |0.056{0.088| 0.08 | 0.05 [0.057

4. Grain contents of Fe, Zn and Mn as affected by time of micronu-
trient application:

The obtained results in Table 5 showed that grain contents of Fe, Zn and Mn
were not significantly affected by foliar application of these micronutrients at any phys-
iological stage of growth, except Zn during one season only where it was significantly
increased by micronutrient spraying at heading stage, or with elongation or booting
stages.
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Table 5. Grain contents of Fe, Zn and Mn as affected by the time of micronutrient appli-

cation
Micronutrient Fe (ppm) Zn (ppm) Mn (ppm)
application time 97/98]98/99| Mean |97/98{98/99| Mean|97/98 98/99 | Mean
(stage)
Control(No spraying) | 255.0{330.8 | 292.9 58.2 | 72.9 65.5] 23.5 | 22.8 | 23.1
Tillering stage 293.8|441.0 |367.4| 59.7 | 86.8 | 73.2 27.5| 25.3 [26.4
Elongation stage 303.8|462.3 | 383.0] 60.6 | 81.5 | 71.0| 26.3 | 30.0 | 28.1
Booting stage 344.0|473.3|408.6| 61.2 | 83.2 | 72.2| 25.0 25.3 125.1
Heading stage 364.5|362.3|364.9] 63.6 | 87.1]75.3 27.5 ] 30.0 | 28.8

Tillering + Elongation |330.0]410.3 370.1| 59.6 | 86.8 | 73.2| 31.3 | 30.0 |30.6
Tillering + Booting 318.81450.3|384.5| 60.3 | 84.3|72.3| 27.5 | 27.5 | 27.5
Tillering + Heading 332.5|476.3|404.4| 58.2 | 78.2 | 68.2| 31.0 | 32.5 |31.8
Elongation + Booting 311.3| 405.3|358.1| 61.3 | 83.8 | 72.5| 32.5 | 28.8 {30.7
Elongation + Heading 315.0| 436.3 | 375.61 66.2 | 80.8 | 73.5| 30.0 | 35.0 [32.5
Booting + Heading 3225 488.8 | 405.6| 65.2 | 78.0 | 71.6] 28.0 | 28.75[28.4
L. S. D at 0.05 NS NS | NS | 406 | NS | NS | NS NS | NS
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