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Abstract

Objectives: To investigate the effect of NPK doses calculated considering soil testing alone and/or in combination with
spraying micronutrients on yield, nutrient uptake and net return of wheat plants. Methods: Experiments were car-
ried out in the farmer's field in Kafer El Kadera village, ElI-Monofia governorate, Egypt, during winter seasons from
2009 to 2013 using wheat (var, Sakha, 93). Soil sample was taken before sowing every season to test physical and
chemical properties. Six NPK combinations were tested + control. Fertilizers were applied to the soil at 30 days after
sowing. Micronutrients used as a foliar application at 45 days after sowing using cheated micronutrient compound.
Leaf samples were analyzed for nutrients. Yield and yield components were determined; Wheat nutrient contents and
uptake were calculated in grains. Data were subjected to the analysis of variance of randomized complete block de-
sign. Findings: The results indicated that the NPK dose considering soil testing plus spraying of micronutrients,
improved most of growth parameters, and enhanced nutrients uptake which induced significant increase in biologi-
cal yield as compared to other treatments, where the average of increase reached 46%. The analysis of cost and return
revealed that balanced fertilization was economically viable in NPK considering soil testing + micronutrients foliar
spray. Application/Improvements: It could be concluded that 190, 143, 131 kg ha™ N, P,0, and K,0 was the suitable
fertilizer doses combined with micronutrients as foliar application to obtain maximum and economic yield of wheat.
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1. Introduction June) are estimated at 11.5 million tones, about the same

level as the last year and about 1 million higher than

Wheat is the most important cereal crops in Egypt, where the average for the last five years. Wheat production in

wheat is used to overcome the growing consumption of Egypt increased from 2.08 in 1983 to 7.37 million ton

food for humans and feed for animals. Egypt is still one in 2011/2012. This increase was achieved by increasing

of the largest importers of wheat. Statistics provided by wheat area from 0.769 to 1.336 million ha. /year and grain

the Ministry of Agriculture and Land Reclamation in yield from 3.57 to 6.45 ton/ha.
2016 showed that, wheat imports for the 2016/17 (July/
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Figures released by the Ministry of Agriculture
and Land Reclamation in March 2016 showed a slight
increase in the area planted to wheat (1.435 million hect-
ares in 2015/16 compared to 1.418 million hectares in the
previous year)'. At 9 million tones, wheat production is
estimated to remain at the same level as the past year and
the five year average (average 6.27 ton/ha).

As compared with the average world wheat produc-
tivity, the wheat productivity in Egypt is considered high
where the average world wheat productivity, in 2010 was
3 t/ha for example, India has an average yield of 2.6 t ha™
compared with 6.5 t ha” in Egypt.

This increase in productivity per hectare resulted in
the loss of more soil nutrients. Adopted the cultivation of
improved varieties, and less attention to running balanced
nutrition. These factors are limiting of wheat production.
New techniques of nutrient management are required to
compensate for loss of soil nutrients and setting the bal-
ance among the nutrients to maximize the productivity.
In this regard, the NPK ratios in Egypt are 1:0.19:0.05.
However, it is 1:0.58:0.54 in the developed countries®. It
can be summarized that the NPK fertilization in Egypt
is characterized by the heavy use of N, high P and low K
rates. In Egypt, the ratio between K/N is lower than the
ratio of global use of fertilizer®. The Egyptian research-
ers made great efforts to improve wheat productivity>~.
Also, the response of wheat to nitrogen, phosphorus
and potassium as an individual nutrient or in integra-
tion is reviewed® and the results obtained confirmed the
important role of balanced fertilization®. Added to NPK
as soil application, micronutrients can be used as foliar
application. In this regard, balanced nutrition leads to
increase the efficiency of all nutrients applied and, thus
reducing the amount of fertilizers used. Therefore, this
research was carried out to investigate the effect of NPK
doses calculated considering soil testing alone and/or in
combination with spraying micronutrients on yield and
nutrient uptake of wheat plants compared with farmer’s

fertilization and other recommended doses.
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2. Materials and Methods

Experiments were carried out in the farmer’s field in
Kafer El Kadera village, EI-Monofia governorate, Egypt,
during winter seasons from 2009 to 2013 using wheat
(var., Sakha, 93).

Before wheat planting, a representative soil sample
was taken before sowing every season to test physical and
chemical properties. Wheat grains were sowing in 20*
October each season. Six NPK combinations were tested+

control treatment
T0 = Control (NPK = 0:0:0 Kg/ha.)
T1=N:P,0.: KO (farmer’s fertilizer) 95:71:0 kg/ha.
T2=N: P,0: KO (MoA) 143: 119:114 kg/ ha.
T3=N:P,0,: KO (MoA) 143: 119: 0 kg/ ha.
T4 =N:P,0.: K O (MoA) 143: 0:114 kg/ ha.

T5 = N: PO, KO (considering soil testing)
190:143:131 kg/ha.

T6 = N: P,O,: K,O (considering soil testing) 190: 143:
131 kg/ ha. + Micronutrients

Fertilizers were applied to the soil at 30 days after
sowing as ammonium nitrate 33.5%N, single superphos-
phate 15.5% P,O,, and potassium sulphate 48% K,O).
Micronutrients used as a foliar application at 45 days after
sowing using cheated micronutrient compound (3% Fe:
3% Zn: 3% Mn) at rate of 1.5 g/l. water. The volume used
was 600 L/ha.

Leaf samples from each plot at 75 days after sowing
were analyzed for nutrients. After complete maturity,
one-meter square was taken to determine yield and yield
components, Wheat nutrient contents and uptake were
calculated in grains.

Samples of soil were analyzed for texture with a
hydrometer’®, for pH and electric conductivity (EC)

using water extract method (1 soil: 2.5 water) method*,
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total calcium carbonate (CaCO,%) by calcimeter
method®. Organic matter (O.M %) content using potas-
sium dichromate”. Phosphorus was extracted using
sodium bicarbonate. Potassium, calcium, magnesium
and sodium were extracted using ammonium acetate’.
Iron, manganese, zinc and copper were extracted using
DPTAZ®.

The plant material was digested using acid mixture’s.
Total N was determined according to the method™.
Phosphorus was photometrically determined using the
molybdate vanadate method!. Potassium, calcium and
Sodium were determined using Flame photometer.
Mangnesium, Fe, Mn, Zn and Cu were determined using
the Atomic absorption spectrophotometer, according to
method™.

The soil data were evaluated using the criteria pub-
lished'®X. Whereas the leaf analysis data were evaluated
according to the criteria mentioned in Plant Analysis
Handbook®. Also, the average net economic benefit
calculated for each treatment. Data were subjected to
the analysis of variance of Randomized Complete Block
Design (RCBD), where the means of different treatments
were compared using the least significant difference

(L.S.D) test at 5% probability level?.

3. Results and Discussion

3.1 Soil Testing

Results in Table 1 show the physical properties of the

soil where, experiments were done. The soil was clay

Table 1.  Average of soil analyses before sowing (0-30cm depth)

Character

Nutrient content

(mg /100g)
Sand % 31 Available- P 3.56 H
Silt% 28 Available - K 30.5M
Clay % 41 Available - Mg 495M
Soil Texture Clay Available - Ca 109 M
pH8.54 H Available-Na  16.1 L
E.CdS/m0.15L (mg/Kg)

CaCO,% 141L Available - Fe  11.0 M
OM% 206 M Available - Mn  13.9H

Available-Zn 34H

Available-Cu 3.1 H

L = Low M = Moderate, H = High
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in texture and alkaline in reaction. The total content of
calcium carbonate and soil salinity tend to be low while
the organic matter was medium. Also, according to
the critical values of available nutrient concentrations
mentioned!®2, Data in Table 1 shows that all nutrients

are between medium and high levels except Na was low.

3.2 Yield and its Components

Tables 2 and 3 showed that the number of spike/m?, num-
ber of grains/spike, weight of grain/spike, 1000-grains
weight, grains yield ton/ha, biological yield ton/ha and

harvest index % were significantly affected by the treat-
ments.

Treated wheat plants with (N190 P143 K131) consider-
ing soil testing + micronutrients foliar spray significantly
increased number of spike/m? number of grains/spike,
weight of grain/spike, 1000-grains weight, grains yield
ton/ha, biological yield ton/ha and harvest index by 37, 27,
67, 18, 66, 43 and 16% respectively, followed by the treat-
ments of (N190 P143 K131) considering soil testing. On
the other hand, control was the lowest one. Wheat treated
with (N143 P119 K114) and (N143 K114) treatments,

Table 2. Yield, yield components of wheat (Sakha 93) as affected by some NPK treatments (average of seasons
2009-2013)
Spike Grain Welgl.lt 1000-grain | Grain yield Blol-oglcal Harvest
Treatment number number/ of grain weight (g) ton/ha yield index
(m?) Spike spike(g) shtis ton/ha (%)
Control (T0) 274.1 45.9 1.59 36.8 4.289 11.675 36.7
Farmer
Fertilizer (T1) 305.8 49.8 2.00 39.1 5.028 12.778 393
NPK, MoA 345.3 54.6 2.27 41.5 6.135 14.03 43.7
(T2)
NP, MoA (T3) 329.1 50.2 2.03 41.0 5.757 13.54 42.5
NK, MoA (T4) 352.5 52.1 2.21 40.6 6.301 14.245 442
NPK(;‘;I)I test 376.1 58.1 2.66 436 7.113 16.648 427
NPK soil test +
micronutrients 392.0 59.5 2.69 44.6 7.901 17.095 46.2
(Te)
LSD. 5% 29.9 1.28 0.31 2.97 0.679 1.21 4.0
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Table 3. Ratios of increase in the yield, yield components of wheat (Sakha 93) attributed to control (100) as
affected by some NPK treatments (average of seasons 2009-2013)
Spike Grain Weight of 1000-grain Biological Harvest
Treatment P number/ 1B 5 Grain yield 08 .
number . grain spike weight yield index
spike
Control (T0) 100 100 100 100 100 100 100
Farmer
Fertilizer (T1) 116 108 126 106 117 109 107
NPK, MoA 126 119 143 113 143 120 119
(T2)
NP, MoA (T3) 120 109 128 111 134 116 116
NK, MoA (T4) 129 114 139 110 147 122 120
NPK soil test 137 127 167 118 166 143 116
(T5)
NPK soil test +
micronutrients 143 130 169 121 184 146 126
(Teé)

gave results better than those obtained by the treatment
of (N143 P119) according to ministry of Agriculture.

The highest grain of 7083 Kg ha! was obtained from
plot fertilized at the rate of 140-75-50 Kg NPK ha' £. And
the application of 150 kg N+100 kg P,O, ha™ to Inglab-91
and 150-100 kg NP ha™ to Punjab-85 wheat cultivars gave
highest yield?. Also, yield of grain had a significant posi-
tive correlation with utilization efficiency and uptake of
potassium?®.

Nitrogen, PK levels significantly affected plant height,
number of tillers, 1000-grain weight, grain yield. The
highest grain yield (4.99 t ha') was obtained with the
application of 105-75-75 kg NPK ha'%.

Similar to our findings, the highest grain yield of 5168
Kg ha' was recorded with the application of 175-150-

Vol 11 (5) | February 2018 | www.indjst.org

125 NPK Kg ha' #Also, fertilized by P, K, Ca, Mg, S, B,
and Zn and increasing fertilization of N ha' to 210 kg N
raised grain yield and plant height?.

Using micronutrients as foliar application at tiller-
ing and/or booting and milking growth stages increased
grain. And straw yields of wheat?. Foliar of zinc and
iron increased grain yield and its quality compared with
control®. Supplying these micronutrients in intensive
cropping; should be considered to prevent depletion of

nutrients®. Micronutrients application increased the

yield and growth parameters of wheat®. Similar to that,
micronutrient significantly raised plant height, number of
spike /plant, number of grain/ spike, 1000-grain weight,

grain yield, harvest index and biological yield of wheat3.
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Also, foliar application of micronutrients produced
the highest values of plant height, tillers number, spikes
number, spike length, number of spikelets spike™, number
of grains spike, 1000- grain weight, grain, straw, biological
yield and harvest index®. It is possible to obtain maxi-
mum yield and its components, chemical composition
and quantitative technological of grain wheat through
soil application of mixture of (nitrogen + potassium)
and foliar of Zn + Fe®. Foliar application substantially
improved plant height, spike length, spikelets/spike,
grains/spike, Tillers, grain and biological as well as har-
vest index of wheat.

Foliar application of Fe, + Mn + Zn in the form of sul-
phate was comparatively better regarding yield of wheat**.
Also, microelement foliar application recorded significant
differences in yield and yield components®.

Data presented showed that balanced fertilization
with NPK and micronutrients can maximize wheat yield.
However, the application of potassium in combination
with nitrogen and phosphorus resulted in more crop har-

vest; Also, it can be explained that added micronutrients

along with macronutrients led to increased utilization
rate of macronutrients, which reflected on the yield and
its components, so the use of micronutrients as foliar

application is highly recommended for yield increase.

3.3 Nutrient Concentrations in Leaves

Based on sufficient values of nutrients mentioned in
Table 4, data in Table 5 shows that levels of both N
and P are low, and K, Ca and Mg levels were medium.
Micronutrients showed an optimal range, except Fe was
high content. Aso, N, P, K, Ca, Mg, Fe, Mn, Zn and Cu
nutrient concentrations in flag wheat leaves treated with
NPK considering soil testing + micronutrients (T6)
were improved as compared with control, but were not
significant in P, Ca, Mg Na and Cu. However, still some of
the nutrients without the appropriate level.

In this concern, some authors found that wheat is sus-
ceptible to zinc and copper deficiency®*. Micronutrients
foliar spray significantly improved micronutrient concen-

trations in flag leaf and grains of wheat*.

Table 4. Sufficient values of macro and micronutrients for Flag leaf of wheat (dry

weight basis) %°.
Nutrient (%) Values Nutrient (ppm) Values

N 3.50-4.50 Fe 50-250
P 0.30-0.50 Mn 35-475
K 2.00-3.00 Zn 15-70
Ca 0.20-0.50 Cu 5-25

Mg 0.20-0.60

Na
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Table 5. Nutrient concentrations and evaluation of wheat flag leaves as affected by different levels of NPK
and balanced fertilization (average of seasons 2009-2013)

% ppm
Treatment
N P K Ca Mg Na Fe Mn Zn Cu
C??ér)(’l 287L | 023L | 251S | 058H | 057S | 0.10L | 267H | 578 458 78
Farmer
Fertilizer | 3.08L | 025L | 2.65S | 054S | 0.62S | 0.10L | 270H | 568 49°S 78
(T1)
NPI&;\;IOA 327L | 023L | 259S | 057H | 0.62S | 0.10L | 261H | 58S 50 108
NIE’TB;[)OA 320L | 024L | 251S | 056H | 054S | 0.11L | 259H | 64S 49°S 98
NK(,’TT)OA 320L | 025L | 271S | 061H | 0568 | 0.11L | 255H | 60S 528 98
NPKsoll | 531 | 0241 | 2615 | 069H | 0645 | 0.13L | 275H | 635 518 98
test (T5)
NPK soil
test +
micro- 335L | 026L | 2.82S | 060H | 0.63S | 0.12L | 292H | 68S 56 118
nutrients
(T6)
LSD. 5% 0.30 N.S 0.18 N.S N.S N.S 22 6 3 N.S

L = Low S = Sufficient H = High

3.4 Grain Nutrient Concentrations

Results in Table 6 showed that NPK considering on soil
testing + micronutrients (T6) significantly increased K,
Ca, Mg and Mn as compared with control. Also, there

were no significant differences among treatments for

Vol 11 (5) | February 2018 | www.indjst.org

N, Zn and Cu. This may be due to the depletion by an
increase in grain yield. In contrary, foliar spray of Zn
increased zinc in grain nearly to threefold comparison
with control (from 18.7 to 50.9 mg.Kg*)%, also, accumu-

lation of Zn, Fe and Mn in wheat grain were found, foliar
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Table 6. Nutrient concentrations in grains of wheat as affected by different levels of NPK and balanced
fertilization (average of seasons 2009-2013)

% ppm
Treatment
N P K Ca Mg Na Fe Mn Zn Cu
Control (T0) |  2.77 0.31 0.58 0.18 028 | 0.027 163 34 40 5.5
Farmer’s
Fertilizer 2.53 0.28 0.56 0.23 027 | 0.031 181 38 40 49
(T1)
NPfT’;\;[OA 2.73 0.32 0.59 0.25 030 | 0.024 169 35 39 5.2
le’Tb;[)OA 2.69 0.32 0.59 0.25 031 | 0.031 167 35 41 5.8
NIE’TT)OA 2.69 0.27 0.58 0.27 029 | 0.029 166 35 44 6.3
NPK(;‘;I)“eSt 267 | 030 | 068 | 031 033 | 0043 | 173 38 44 5.6
NPK soil test
- micro- 2.65 0.32 0.66 0.28 030 | 0.027 155 4 41 5.7
nutrients
(T6)
LSD. 5% N.S 0.02 0.03 0.04 0.02 N.S 10 2 N.S N.S

application of Zn, Fe and Mn fertilization should be rec-

ommended in wheat®.

3.5 Grain Nutrient Uptake

Data presented in Table 7 indicated that the uptake of all
nutrients was significantly increased with the application
of NPK considering soil testing + micronutrients (6) as

compared with control.
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The above mentioned results are in a harmony with
that spraying wheat plants with micronutrients either in
non-chelated or chelated form can improve the physi-
ological performance of sprayed plants and increase
macronutrients uptake of plants from soil as well as
increase plants dry matter accumulation®. Also, applica-
tion of recommended NPK improved micronutrient (Fe)

uptake appreciably®.
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Table 7.

Nutrient uptake in grains of wheat (average of seasons 2009-2013)

Kg/ha

g/ha

Treatment

Mg

Fe Zn Cu

Control

(T0) 122.2

13.5 24.2 7.4

1.16 673 148 168 22.3

Farmer’s
Fertilizer
(T1)

130.3 14.4 27.9 11.5

13.5

1.50 901 192 203 24.8

NPK,
MoA
(T2)

169.1 19.5 36.0 15.1

18.3

1.50 1030 215 242 32.5

NP,
MoA
(T3)

158.6 18.7 33.1 14.3

17.6

1.56 954 200 238 32.0

NK,
MoA
(T4)

173.4 17.5 36.7 16.3

18.1

1.76 1037 220 276 39.5

NPK
soil test
(T5)

184.2 20.5 48.8 23.2

24.2

2.00 1258 271 318 41.8

NPK soil
test + Mi
(To)

206.8 24.8 52.6 22,5

24.2

2.01 1237 331 322 46.3

LSD. 5% 17.1 1.8 3.0 2.9

1.8

0.28 154 39 17 4.3

3.6 Economic Benefit

Data presented in Table 8 showed extra fertilizers input
cost against extra crop (grain and straw) cost and return
on investment for each treatment. Return on investment
revealed that balanced fertilization was economically

viable in NPK considering soil testing + micronutrients

Vol 11 (5) | February 2018 | www.indjst.org

(T6). Our findings are in line with that the maximum
net profit was gathered in foliar spray of micronutrients
at tillering + booting + milking growth stages of wheat?
and that maximum net economic returns were recorded
when applied commercial micronutrients mixture (Fe =
1%, Mn = 2%, Zn = 2%, Cu = 1%, B = 1%) at tillering,

Indian Journal of Science and Technology | 9 -
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Table 8. Yield increases / extra cost and benefit from the different treatments

Grain | Straw | Extra | Extra Price of Extra Yield/ha Extra cost of fertilizers/ha 0.
Treatment yield | yield | grain | straw @)
(ton/ | (ton/ | (ton/ | (ton/ Grain | s Total N P K Mi Total (ROI)
ha) | ha) | ha) | ha) |Grain|Straw | =, o
TO 4.289 | 7.386 - - - - - - -
T1 5.028 | 7.750 | 0.739 | 0.364 | 1726 164 1890 624 687 - - 1311 579
T2 6.135 | 7.895 | 1.846 | 0.509 | 4310 229 4539 939 1152 1596 - 3687 852
T3 5.757 | 7.783 | 1.468 | 0.397 | 3428 179 3607 939 1152 - - 2091 1516
T4 6.301 | 7944 | 2.012 | 0.558 | 4698 251 4949 939 - 1596 - 2535 | 2414
T5 7.113 | 9.535 | 2.824 | 2.149 | 6594 967 7561 | 1248 | 1384 1834 - 4466 | 3095
T6 7.901 | 9.194 | 3.612 | 1.808 | 8434 814 9248 | 1248 | 1384 1834 50 4516 | 4732

ROI=Return on investment

jointing, booting and earing®. Also, with that farmers got

addition return with incremental benefit cost ratio of 4.7

by application of an integrated and balanced fertilization

program in wheat®, and by using foliar application of

micro elements with drilling on terraces sowing method,

farmers gain the highest profit®.

B 0 | von (5) | February 2018 | www.indjst.org

4. Conclusion

Under the conditions of this study, on the basis of these
results it is concluded that 190, 143, 131 kg ha' N, PO,
and K,O was the suitable fertilizer doses combined with
micronutrients as foliar application to obtain maximum

and economic yield of wheat.
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