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ABSTRACT

Two field experiments were conducted on maize (Zea mays L. c.v Trible hybrid 310) grown on a
newly reclaimed saline clay soil in private farm, Khaled Iben El-Walied, Sahl El-Hussinia, Sharkia
Governorate, Egypt, (32°00/00// to 32° 15/00// N Latitude and 30° 50/00// to 31° 15/00// E Longitude)
in seasons 2014 and 2015. Three micronutrient application methods i.e., foliar spray, seed coating and
seed soaking) were evaluated. The nutrients were Fe, Mn and Zn mixed in one solution. Rates of the
mixture application were 5.0, 10.0 and 15.0 kg ha™, respectively. Nutrients application was done
solely or in combination with compost, 24 Mg ha™. Available N, P, K, Fe, Mn and Zn at harvest were
increased due to the above mentioned treatments, salinity and pH were decreased. Micronutrients in
combination with compost increased N, P, K, Fe, Mn and Zn uptake by grains. The highest positive
response of yield and nutrients uptake by grains was by application of compost in combination with foliar
spray of micronutrients followed by seed coating with micronutrients + compost. Highest N contents and
protein yield 674 kg ha™ was obtained by foliar spray with 15 kg nutrient mix ha™+ compost.

Key words: Maize, foliar spray, coating, soaking, micronutrients (Fe, Mn and Zn), clay loam soil.

and biochemical changes in plants which
ultimately reduce yields (Hussain et al., 2013).

INTRODUCTION

Maize (Zea mays L.) is an important cereal
crop in the world and Egypt and plays a
fundamental role and used in human and animal
feeding in Egypt (Harris et al., 2007). Total
maize grain yield production, in 2010 was 7
million Mg produced from an area of 920
thousand hectares (EI-Gedwy et al., 2012). Its
grain is used for manufacturing many products
as glucose syrup, starch, corn flakes, oil, lactic
acid, gluten. Maize grains contain 72% starch,
10% protein, 4.8% oil, 8.5% fiber, 3% sugar and
1% ash (Zafar-ul-Hye et al., 2014). Yield
potential of maize is extremely affected by
abiotic stress like salinity, drought, extreme
temperature, flooding and extreme irradiation
etc. (Lawlor and Cornic, 2002; Akram et al.,
2010). Salinity causes numerous physiological
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Micronutrient deficiency is widespread in
plants, animal and humans, (Malakouti, 2008).
Micronutrients are required in small amounts
and affect photosynthesis, and the other vital
processes such as respiration, protein synthesis
and reproduction. Many investigators in Egypt
reported positive response of many field crops to
micronutrient application (Potarzycki and
Grzebisz, 2009; Seadh et al., 2009; Kanwal et
al., 2010; Zeidan et al., 2010; Salem and El-
Gizawy, 2012; Siam et al., 2012). Iron is a
constituent of many enzymes involved in
metabolism and manganese has an essential role
in amino acid synthesis by activating of some
enzymes particularly  decarboxylases and
dehydrogenases. Zinc plays an important role in
activiting enzymes as superoxide dismutase,
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carbonic anhydrase and RNA polymerase) and a
cofactor of enzymes, (ROmheld and Marchner,
2006).

High salinity affects soils in about 900
thousand ha in Egypt. Most of the saline soils in
Egypt are in northern-central Nile Delta. The
southern part of El-Hussinia plain, El-Sharkia
Governorate, Egypt covering an area of 14160
ha (EI-Bordiny and El-Dewiny, 2008).

The current work aimed at evaluating the
combined effect of micronutrients applied in
different methods solely or in combination with
compost on maize.

MATERIALS AND METHODS

Two field experiments were conducted on
maize plants (Zea mays L. c.v Trible hybrid
310) grown on a newly reclaimed saline clay
soil in Khaled Iben El-Walied village, Sahl EI-
Hussinia, Sharkia Governorate, Egypt, (32°
00/00// to 32° 15/00// N Latitude and 30° 50/00//
to 31° 15/00// E Longitude) during the two
seasons of 2014 and 2015 to study the response
to application of Fe, Mn and Zn (as a mixture)
applied by 3 different methods (foliar, seed
coating and seed soaking) at different mixture
rates of 5, 10 and 15 kg ha* solely with or
without compost, 24 Mg ha™. The soil texture
was clay (Table 1). At the end of experiment
soil and plant samples were taken for analyses
using methods cited by Chapman and Pratt
(1961), Page et al. (1982) and Jackson (1958).

The compost was analyzed, organic matter
and nutrients according to methods of Brunner
and Wasmer (1978). The obtained results are
recorded in Table 2.

Treatments and Experimental Design

Factorial experiment in randomized complete
block design with three replicates was done as
follows: (1) method of nutrient application (2)
rates of application and (3) compost application.
The numbers of treatment combinations were 18
(3 methods x 3 rates x 2 compost application.
Compost was prepared according to the method
of Nasef et al. (2009) crop residues (rice straw,
maize stover and faba bean straw). The
recommended N, P and K rates were applied to
all plots; the rates were 100, 211 and 168 kg ha™,
respectively. N was in the form of urea (460 g N

kg™"), P was as calcium superphosphate (68g P
kg") and K was as potassium sulphate (400 g
kg"). The P fertilizer was broadcasted before
ploughing; the N was applied in three splits,
20% before sowing, 40% before the second
irrigation (30 days after sowing "DAS") and
40% before the third irrigation, (45 DAS). The
K was applied in two equal splits after 30 and 45
DAS. Plot area was 50 m* (5x10m) having 14
ridges each of 5 m in length and 0.7 m in width,
two plants hill* and 20 cm between hills. Fe,
Mn and Zn were in forms of FeSO,, MnSQO, and
ZnSO, having Fe, Mn and Zn mixture of 120 g
kg™ and applied at three rates i.e., 5, 10 and 15
kg ha™. The application methods were foliar
spray; seed coating and seed soaking into
nutrient solution. Foliar spray was applied 40
DAS at a rate of 1000 | ha™, seed coating was
done by mixing the amount of fertilizer salt
needed per plot with a sticky material and the
appropriate weight of seeds so as to make cating
of the fertilizer around the seeds. Soaking was
done by dissolving the proper amount of
fertilizer in water, then soaking the proper
amount of seeds into the solution for 12 hr.,
following soaking. Solution remaining after
soaking was sprayed over the soil of the soaking
treatments.

Crop Management Practices

Maize (Triple hybrid, 310 cv) was provided
by Maize Department, Field Crop Institute.
ARC. Seeding at a rate of 34 kg ha™, performed
on 25" April for 2014 season and 20" for April
2015 season. Two to three seeds were sown per
hill, and then 30 days after seeding plants were
thinned to one plant per hill. The crop was
irrigated with water of EI-Salam Canal
(Agricultural drainage water mixed with Nile
water at a 1:1 ratio). Some chemical properties
of the irrigation water as described are shown in
Table 3.

To control soil salinity, water was applied
immediately after sowing for 4 hours then
excess water was drained. The same process was
repeated in the second day. After that, irrigation
water was added every 15 days until the end of
the growing seasons. Agricultural practices for
growing maize were carried out as
recommended by the Ministry of Agriculture.



Zagazig Journal of Soil and Water Science 1573

Table 1. Physical and chemical properties of the investigated soil

Property Value Property Value
Particle size distribution (%0) ~ Soluble ions (mmolc I™)
- Clay 45.88 = Na* 58.86
- Silt 23.31 » K* 1.49
- Sand 30.81 = Ca™ 9.56
- Textural class Clay = Mg** 13.00
- EC (dSm™) in soil paste extract 8.34 = CI 37.06
- pH [Soil suspension 1:2.5] 8.04 = HCOj’ 8.22
= Organic matter (g kg™) 5.41 * SO,° 37.63
» SAR 17.20 = CaCO; (g kg?) 64.9
" » ESP 21.03
Available macro and micronutrients (mg kg™ soil)
N P K Fe Mn Zn
35.27 3.89 175 2.40 3.15 0.61

Table 2. Chemical properties of the used compost

Moisture OM OC C/N Macronutrients (%) Micronutrients (mg/kg) pH EC (dSm™)
[0) [0)
(%) (%) (%) (%) N P K Fe Mn  Zn (1:10)

25-30 5534 32.10 1338 240 0.69 2.69 12752 76.22 3150 7.42 3.85

Table 3. Chemical analysis of irrigation water at EI-Salam canal

pH EC (dSm™) Macronutrients (mgl™) Micronutrients (mgl™)

NO;-N NH,4-N P K Fe Mn Zn

8.03 1.95 14.60 8.00 3.10 7.19 2.14 1.09 0.078




1574 Nabel, et al.

Measured Parameters

Plant height was measured after 75 days after
seeding (average of 10 plants). During growth
time the followings were recorded on 10 plants
taken at random: ear weight, grain weight per
ear, 100-grain weight, stover yield, and grain
yield, (adjusted to 15% moisture content). Plant
samples were washed with water then dried at
70°C for 48 hr. Then milled and analyzed for
nutrients, digestion with mixture of concentrated
H,SO,4 and HCIO, acids. N was determined by
micro-kjeldahl according to AOAC (1990).
While P was determined using ascorbic acid
method and K was determined by a flame
photometer (Chapman and Pratt, 1961). Fe, Mn
and Zn were determined using the atomic
absorption (model GBC 932). Protein content
was calculated by multiplying grain N by 6.25
(FAO, 2003).

Statistical Analysis

Data (combined of the two seasons) were
statistically analyzed according to MSTAT-C,
Statistical Software Package according to
Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Soil Properties After Harvest
Soil pH and EC

The data representing the effect of
application of micronutrients and compost, on
soil pH and EC are presented in Table 4. Values
in combined data of the two studied seasons
show that, soil pH was slightly decreased and
ranged between 7.94-8.01 without compost and
7.92-8.00 with compost. The highest decrease in
pH was observed when micronutrients added as
foliar spray at the high rate in combination with
compost. This is an indication of effect of
microorganisms on decomposing organic matter
releasing organic acids and producing several
phytohormones such as indole acetic acid and
cytokinins (El-Galad et al., 2013). A decrease in
pH was observed by Sarwar et al. (2010) upon
applying organic manure. They observed
production of organic acids (amino acids,
glycine, cystein and humic acids) during
mineralization of the organic manure.

Soil salinity decreased by the treatment. The
lowest EC values of 4.89 and 3.94 dSm™ occurred
when the plants were sprayed with micronutrients
at high rate, with decreases of 41.4% without
compost and 43.2% with compost, lowering of
soil pH by the compost and in turn encouraging
must have enhanced the availability of plant
nutrients, leading to a decrease in EC.

Clay domains are coated with the released
active organic acids, and then forming coarse sizes
of water stable aggregates would form upon
decreasing EC leading to improved filteration and
accelerating leaching of soluble salts (Ewees and
Abdel-Hafeez, 2010). Improved aggregation by
would increase water permeability and encourage
downward movement of water carrying Na-salts
out of the soils (Bassiony and Shaban, 2010 ;
Rashed et al., 2011).

Available N, P and K Macronutrients in
the Soil After Harvest

Table 5 reveals that the application of
micronutrients with different methods and rates
in presence or absence of compost showed
greater N, P and K contents than the contents at
the start of the experiment. The treatment of the
high foliar spray combined with compost gave
the highest contents. The positive effect of
compost is an indication of its mineralization
(Bhandari et al., 2002) and (Yadvinder et al.,
2004). Formation of organic acids during
degradation of organic material as a function of
the microbial activities which in turn produce
chelating materials, leading to increased
availability of elements in the rhizosphere
(Wenhui et al., 2010 ; Taha et al., 2010).

Application of micronutrients at the high rate
increased soil available N, P and K by averages
4.7, 15.9 and 8.0% over those given by the low
application rate indicating a considerable
positive effect of micronutrients on available P
in particular. The foliar method of application
showed the highest positive effect followed by
the soaking method, then the coating method.

Available Fe, Mn and Zn Micronutrients
in the Soil After Harvest

Table 6 shows that available Fe, Mn and Zn
followed the same trend of that observed for
macronutrients. Application of micronutrients at
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Table 4. Soil pH and EC after harvest as affected by treatments

. . . pH EC
Micronutrient addition Compost application (C)
Method (M) Rate (R) Without With Without With Mean

5 kg ha™ 8.01 8.00 7.52 5.64 6.58

Coating 10 kg ha™ 8.00 7.97 6.14 4.23 5.19
15 kg ha™* 7.98 7.95 5.82 4.01 4.92

Mean - - 6.49 4.63 5.56
5 kg ha™ 8.01 8.00 7.33 6.33 6.83

Soaking 10 kg ha™* 7.99 7.97 5.92 5.12 5.52
15 kg ha™ 7.98 7.93 5.26 4.10 4.68

Mean -- -~ 6.17 5.18 5.68
5 kg ha™ 7.99 7.97 6.23 5.96 6.10

Foliar 10 kg ha™* 7.97 7.95 5.12 5.10 5.11
15 kg ha™ 7.94 7.92 4.89 3.94 4.42

Mean -- -~ 541 5.00 521

Grand mean for compost -- -- 6.02 a 4.94b

Grand mean for rate 5kg: 6.50a 10kg:5.27b 15kg:4.67c

M: NS R: *>*  C *k
F-test e MxR: NS MxC : *
RxC: NS MxRxC: NS

* Values for control were, 8.04 and 8.01 with and without compost respectively, for pH 8.34 and 6.94 dsm™for
EC with and without compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Table 5. Available macronutrient contents (mg kg™) in soil after harvest

Available macronutrients (mg kg™)

Micronutrient addition N P K

Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean

5 kg ha’ 381 402 392 410 418 414 195 197 196
Coating  10kgha® 387 410 399 452 466 459 198 203 201
15kgha® 402 412 407 495 499 497 201 207 204
Mean 390 408 39.9c 452 461 457 198 202 200b
5 kg ha™ 389 410 400 408 416 412 198 203 201
Soaking  10kgha! 402 416 409 415 489 452 203 215 209
15kgha® 425 423 424 420 502 461 208 220 214

Mean 40.5 416 411b 414 469 442 203 213 208D
5 kg ha™ 411 422 417 415 439 427 199 213 206
Foliar 10 kg ha™ 41.9 43.7 428 436 495 466 @ 209 226 218
15 kg ha™ 43.0 440 435 485 505 495 218 248 233
Mean 42.0 433 426a 445 480 463 209 229 219a
Grand mean for (C) 40.5 41.9 437 470 203b 215a

5kg: 10kg: 15kg: 5kg: 10kg: 15kg: 5kg: 10kg: 15Kkg:

403c 412b 422a 4.18b 459a 484a 201b 209ab 217a
M: ** R: * C: NSM: NS R: ** C: NSM: ** R: ** (C: **
F-test MxR: NS MxC: ** MxR: NS MxC:NS MxR:NS MxC: NS
RxC:NS MxRxC: NS RxC:NS MxRxC:NSRxC: NS MxRxC: NS

Grand mean for (R)

* Values for control were, 35.6 and 39.2 for N; 3.97 and 4.02 for P as well as 192 and 194 for K under without
or with compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).
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Table 6. Available micronutrient contents (mg kg™) in soil after harvest

Available macronutrients (mg kg ™)

Micronutrient addition Fe

Mn Zn

Compost application (C)

Method (M) Rate (R) Without With

Mean Without With

Mean Without With Mean

5kgha’ 3.03 334 319
10kgha® 312 345 3.29
15kgha® 322 352 3.37
Mean 3.12 3.44
5kgha’ 314 344 329
10kgha® 3.18 369 3.44
15kgha® 333 372 353
Mean 3.22 3.62

5kgha’ 385 348 367

Coating

Soaking

Foliar 10kgha® 394 374 384
15kgha® 398 383 391
Mean 3.92 3.68 38la
Grand mean for (C) 3.42 3.58
5kg: 10Kkg: 15Kkg:
Grand mean for (R) 338 352 360
M: *

F-test MxR: NS MxC: NS

3.28Db

3.42Db

142 166 154 069 078 0.74
144 178 161 071 083 0.77
168 182 175 076 085 081
151 175 163 072 082 0.77
155 175 165 072 086 0.79
169 18 177 075 089 0.82
175 188 182 078 092 0.85
166 183 175 075 089 0.82
189 179 184 078 088 083
196 189 193 082 096 0.89
199 193 196 086 098 0.92
195 187 191 082 094 088
171 1.82 0.76  0.88

5kg: 10kg: 15kg: 5kg: 10kg: 15Kkg:
168 177 184 079 083 0.86

R: NS C: NS M: NS R: NS C: NS M: NS R: NS C: NS
MxR: NS MxC: NS

MxR: NS MxC: NS

RxC:NS MxRxC:NS RxC:NS MxRxC:NS RxC:NS MxRxC: NS

* Values for control were, 2.96 and 3.21 for Fe; 1.38 and 1.52 for Mn as well as 0.68 and 0.72 for Zn under

without or with compost, respectively.

* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

different rates in presence or absence of compost
caused higher contents of Fe, Mn and Zn
compared with the contents at start of the
experiment (Table 1). Increased application of
micronutrients was accompanied by increased
contents of available micronutrients. The high
rate of micronutrient application showed more
available Fe, Mn and Zn by average of 6.5, 9.5
and 8.9%, respectively over contents of the low
application rate. The effect was marked with Fe
in particular. EI-Galad et al. (2013) reported that
application of compost was effective in
increasing the release of Fe, Mn and Zn into the
growing media. The highest available Fe of 3.98
mg kg™ and Mn of 1.99 mg kg™ and Zn of 0.98
mg kg™ was obtained by the highest foliar spray
rate with compost.

There was a superiority of the foliar spray than
the coating or soaking methods in increasing
available Fe, Mn and Zn. Application of
compost enhanced the availability of
micronutrients in soil especially Zn while, for Fe

and Mn, coating and soaking had a positive
effect. Decomposition of organic matter from
compost as well as the soil (Ewees and Abdel-
Hafeez, 2010). The average positive effect of the
addition rates of micronutrients on available Fe,
Mn and Zn could be arranged in the following
order: high rate > medium rate > low rate.

Growth and Yield Productivity of Maize

The effects of micronutrients and compost
treatments on plant height, ear weight and grain
weight/ ear are given in Table 7. The effects
show increased values with the increase in the
rate of micronutrient application. The highest
values of 219 cm, 268 g and 262 g for plant
height, ear weight and grain weight per ear,
respectively (increases of 17, 12 and 12%,
respectively) were recorded in the plants treated
with foliar spray combined with compost. The
lowest respective values of 182 cm, 238 g and
234 g were obtained by plants receiving the low
coating method uncombined with compost.
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Table 7. Some yield attributes of maize as affected by treatments
Micronutrient addition Plant height (cm) Weight of ear (g) Grain weight/ear (g)
Compost application (C)
Method (M) Rate (R) Without With Mean Without With Mean Without With Mean

5kgha! 182 195 189
10 kg ha® 185 199 192
15kgha™ 188 203 196
Mean 185 199 192 b
5kgha® 186 197 192
10kgha® 191 204 198
15kgha® 197 212 205
Mean 191 204 198b
5kgha! 194 201 198
10kgha® 198 214 206
15kgha™ 206 219 213

Coating

Soaking

Foliar

238 246 242 234 240 237
243 252 248 240 247 244
248 258 253 246 254 250
243 252 248b 240 247 244
245 255 250 239 250 245
254 258 256 250 253 252
259 263 261 254 258 256
253 259 256ab 248 254 251
248 259 254 243 254 249
257 264 261 253 259 256
263 268 266 260 262 261

Mean 199 211  205a 256 264 260a 252 258 255
Grand mean for (C) 192b 205a 251b 258a 247 253
5kg: 10kg: 15kg: 5Kkg: 10kg: 15kg: 5kg: 10kg: 15Kg:
Grandmeanfor(R) 431 199ah 204a 249b 255ab 260a 243 250 256
M: ** R:** C. ** M: * R: * C: *M: NS R: NS C: NS
F-test MxR: NS MxC: NS MxR: NS MxC:NS MxR:NS MxC:NS
RxC: NS MxRxC:NS RxC:NS MxRxC:NSRxC: NS MxRxC: NS

* Values for control were, 175 and 187 for plant height; 231 and 239 for weight of ear as well as 225 and 234
for grain weight per ear under without or with compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

The beneficial effect of compost on maize
growth is a demonstration of the improvement
which must have occurred to the conditions;
lowering pH and forming organic matter in the
root rhizosphere enhancing nutrient by roots
(Helmy and Shaban, 2008).

Application of micronutrients showed that
the foliar spray gave the highest values while the
coating method gave the lowest values. The high
rate of application showed the highest values
followed by the medium rate then low rate.

100-Grain Weight, Stover and Grain
Yields

The data of 100-grain weight, stover and
grain yield of maize plants are presented in
Table 8. The obtained results show increases
due to application of micronutrients at different
methods and rates as well as compost addition.

As for 100-grain weight, foliar spray gave
highest values with or without compost. Foliar

application with micronutrients was reported by
(Hythum and Nasser, 2012) to be more effective
than the other methods. The positive response to
compost reflects it improvement of the
nutritional status of maize plants which in turn
was positively reflected on the grain yield
(Shaban et al., 2011). The highest value of 32.4
g for 100-grain weight was recorded for the
plants treated with foliar spray at high rate
combined with compost giving an increase of
23.7% over the control. Increasing the rates of
micronutrients, significantly increased 100-grain
weight of maize and could be arranged in an
ascending order, as follow: 15 kg ha™ > 10 kg
ha™ > 5 kg ha™.

Regarding stover and grain yields of maize,
foliar spray gave the highest values when
combined with compost. These results are in
harmony with those which obtained by
Potarzycki and Grzebisz (2009) as well as
Hythum and Nasser (2012). Bakry et al. (2009)
applied micronutrients to maize grown on a sandy
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Table 8. 100-grain weight and maize yields as affected by treatments

100-grain weight (g)

Stover yield (ton ha)

Grain yield (ton ha™)

Micronutrient addition

Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean
5 kg ha™ 26.6 2717 272 546 586 566 473 558 515
Coating 10kgha' 274 289 282 558 6.09 583 504 580 544
15kgha® 28.1 29.6 289 563 620 592 521 595 558
Mean 27.4 288 281b 196 555 606 580 1642 5.78
5 kg ha™ 27.1 289  28.0 552 6.06 579 478 563 521
Soaking 10 kg ha* 27.7 29.3 285 580 631 6.10 524 6.09 5.66
15kgha® 28.3 300 292 6.03 643 623 561 620 5.92
Mean 27.7 294 286b 205 580 626 6.03 17.07 5.97
5 kg ha™ 28.1 299 29.0 586 645 6.16 501 6.03 552
Foliar 10 kgha® 28.9 31.3 301 6.17 654 636 563 645 6.06
15kgha®  29.0 324 307 6.37 694 665 586 651 6.20
Mean 28.6 31.2 299a 217 614 665 640 1812 6.34
Grand mean for (C) 279b 298a 206b 583b 6.31a 9.87b 6.03a
5kg: 10kg: 15kg: 5kg: 10kg: 15kg: 5kg 10kg: 15Kg:
Grandmeanfor(R)  ,g1c 289b 206a 207 493 512 502 202 208
M: ** R:** C: ** M: NS RRENSC: * M: NS R: NS C: **
F-test MxR: NS  MxC: NS MxR: NS MxC: NS MxR: NS MxC: NS
RxC:NS  MxRxC: NS RxC:NS MxRxC:NS RxC:NS MxRxC: NS

* Values for control were, 25.1 and 26.2 g for 100-grain weight; 4.45 and 4.69 ton ha™ for stover yield as well as 3.78 and
4.28 ton ha™* for grain yield under without or with compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

soil and obtained increased physiological and
yield of maize. The marked increase in maize
yield exhibited by foliar application of
micronutrients may be attributed to their crucial
roles in many biochemical and physiological
processes; photosynthesis, respiration, enzyme
activity or involving in growing meristem,
maintaining high meristematic activity in the
cells of the growing parts, (Siam et al., 2006).
Also, addition of such nutrients as foliar

application could compensate the soil
micronutrients deficiency prevailing in the
studied saline soil, thus resulted in an

improvement in the nutritive status of maize
plants which reflected on the performance of the
physiological processes. The obtained results are
in accordance with those reported by El-Fouly et
al. (2011), Salem and El-Gizawy (2012) and
Siam et al. (2012).

Treatment of maize with foliar spray at the
high rate combined with compost gave 24.4%
average increase in stover yield and 27.8%
increase in grain yield.

Grain Protein Content and Grain Protein
Yield

Results presented in Table 9 show that the
protein content in maize grains increased by
application of micronutrients particularly using
foliar spray, the effect of rates of micronutrients
and compost addition was insignificant. Zeidan
et al. (2010) pointed out that foliar application
of Fe, Mn and Zn significantly increased protein
content of wheat plants. Also, such beneficial
effect of compost was actually reflected on
increasing maize grain yield and its quality due
to the applied organic manure decreased the loss
of soil moisture, enhanced soil water retention
and the drought resistance of grown plants as
well as increased the ability rate of leaves for
photosynthetic process, increased the grain
filling intensity, and consequently increased the
grain weight. These findings are in harmony
with those obtained by, Abd El-Hady et al.
(2006).
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Table 9. Protein content (%) and protein yield (kg ha™) of maize grains

Micronutrient addition Protein content Protein yield

Compost application (C)

Method (M) Rate (R) Without  With Mean  Without  With Mean
5 kg ha™ 8.06 8.31 8.19 321.44 390.48 357.15
Coating 10 kg ha™ 8.44 8.50 8.47 357.15 414.29 385.72
15 kg ha™ 9.13 8.63 8.88 400.01 430.96 416.68
Mean 8.54 8.48 8.52Db 359.53 359.53 41191b
5 kg ha™ 7.44 7.63 7.54 300.01 361.91 330.95
Soaking 10 kg ha™ 7.69 7.81 7.75 338.10 400.01 369.06
15 kg ha™ 7.88 8.06 7.97 371.44 421.44 397.63
Mean 7.67 7.83 777D 335.72 335.72 395.25b
5 kg ha™ 11.1 11.6 11.4 466.68 588.11 528.58
Foliar 10 kg ha™ 11.4 11.9 11.7 540.49 645.25 592.87
15 kg ha™ 11.8 12.2 12.0 580.96 669.06 626.20
Mean 11.4 11.9 11.7a  409.05b 52858 633.35a
Grand mean for (C) 9.22 9.40 172 b 409.05b
5 kg: 10 kg: 15 kg: 5 kg: 10 kg: 15 kg:
Grand mean for (R) 9.02 929  9.62 170 189 201
M: * R: NS C: NS M: * R: NS C: **
F-test MxR: NS MxC: NS MxR: NS MxC: NS
RxC: NS MxRxC: NS RxC: NS MxRxC: NS

* Values for control were, 7.81 and 8.06% for protein content and 295.24 and 345.25 kg ha™ for protein yield

under without or with compost, respectively.

* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Concerning protein content and protein yield,
foliar spray was superior to the other methods
while, coating was slightly higher than soaking.
The highest protein content of 12.2% and
protein yield of 674 kg ha™ were recorded in the
plants treated with the high foliar spray with
compost. The increase percentage over the
control was 38.9% for protein content and
93.8% for protein yield.

Macronutrients Content and Uptake by
Maize Grains

Data in Tables 10 and 11 illustrate that content
and uptake of N, P and K in maize grains were
affected significantly by application methods of
micronutrients for macronutrients content while,
significantly affected by application methods for
micronutrients and compost addition for N, P and
K uptake by grains. Concerning N-content and
uptake, spraying gave the highest values with
significant differences with soaking and coating

methods which were similar in effect. As for P
and K-contents and uptake, foliar spray and
coating methods are equally effective and both
were superior to coating method. On the other
hand, addition of compost had a significant effect
in increasing N, P and K uptake by maize grains.
The role of micronutrients in increasing
concentrations of macro and micronutrients in
maize grains is mainly due to the vital
physiological roles in plant cells which promote
the uptake of plant nutrients (Abd El-Hady, 2007).

A glance on data is clear that the mixed foliar
application of micronutrients (Fe + Mn + Zn)
jointly with compost application gave the
highest values of all studied nutrients content
and uptake in maize grains as compared to
control. It is well known that, during the
decomposition of organic matter, macro and
micronutrients are incorporated into the soil
matrix, allowing the soil to act as a reservoir of
these nutrients.
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Table 10. N, P and K contents (%) of maize grains as affected by treatments

Micronutrient addition N-content P-content K-content
Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean
5kg ha™ 1.29 133 131 0.31 040 036 219 222 221

Coating 10 kg ha® 1.35 136 1.36 0.36 043 040 224 230 227
15kgha®  1.46 138 142 0.39 046 043 226 234 230

Mean 1.37 136 136b 0.35 043 0.39a 223 229 226ab
5 kg ha™ 1.19 122 121 0.23 024 024 210 212 211

Soaking 10 kg ha® 1.23 125 124 0.27 028 028 213 215 214
15kgha® 1.26 129 1.28 0.29 032 031 216 219 218

Mean 1.23 125 124b 0.26 028 0.27b 213 215 214b
5 kg ha™ 1.78 185 182 0.39 035 037 226 233 230
Foliar 10kgha' 1.82 191 187 0.43 041 042 229 236 233
15kgha® 1.89 195 192 0.47 048 048 233 242 238
Mean 1.83 190 1.87a 043 041 042a 229 237 233a
Grand mean for (C) 1.47 1.50 0.35 0.37 222 227

5kg: 10kg: 15kg: 5kg:  10kg: 15kg: 5kg: 10kg: 15Kg:
1.44 1.49 154 0.32b 0.36ab 040a 220 225 2.28
M: ** R:NS C: NS M: * R: * C:NS M: * R: NS C: NS
F-test MxR:NS  MxC:NS MxR:NS MxC:NS MxR:NS MxC:NS
RxC:NS MxRxC:NS RxC:NS MxRxC:NS RxC:NS MxRxC:NS
* Values for control were, 1.25 and 1.29% for N-content; 0.25 and 0.37% for P-content as well as 2.14 and
2.16% for K- content under with or without compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Grand mean for (R)

Table 11. N, P and K uptake (kg ha™) by maize grains as affected by treatments

Micronutrient addition N-uptake P-uptake K-uptake
Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean
5kgha® 51.19 6238 5691 1233 1876 1555 87.14 104.05 95.72

Coating 10kgha® 57.14 66.43 61.91 1526 21.00 18.14  95.00 112.38 103.81
15kgha® 64.05 69.05 66.67 17.10 23.00 20.05  99.05 116.91 108.10

Mean 57.38 6595 61.91b 1491 20.93 17.93a 93.81 111.19 102.62
5kgha®  47.86 57.86 52.86 9.26 11.38 10.33  84.53 100.48 92.62

Soaking 10kgha™ 5429 6405 59.29 11.91 1433 1312 93.81 110.00 101.91
15kgha™ 59.29 67.38 63.33 13.67 1669 1519 10191 11429 108.10

Mean 53.81 63.10 5857b 11.62 1414 12.88b 93.34 108.34 100.95
5 kg ha™ 75.00 93.81 8453 1643 17.76 17.10 95.24 118.10 106.67
Foliar 10kgha' 86.19 10357 9500 20.38 2226 2133 10857 128.10 118.34
15kgha® 93.10 106.91 100.00 23.17 26.19 2476 11476 132.62 123.81
Mean 84.76 101.43 93.34a 20.00 22.07 21.05a 106.19 126.19 116.19
Grand mean for (C) 65.24 76.91 1550  19.05 97.86 115.24

5kg: 10kg: 15kg:  5Kg: 10kg: 15Kg: 5 kg: 10kg: 15Kkg:
64.76 7191 76.67 14.33b 17.52ab 19.98a 64.76 7191 76.67
M: ** R NS C: ** M: ** R: * C: * M: NS R: NS C: **
F-test MxR:NS  MxC:NS MxR:NS  MxC:NS MxR: NS MxC: NS
RxC:NS MxRxC: NS RxC:NS MxRxC: NS RxC:NS  MxRxC: NS
* Values for control were 47.38 and 55.24 kg ha'for N-uptake; 9.48 and 15.86 kg ha™for P-uptake as well as
80.95 and 92.62 kg ha™for K-uptake under with or without compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Grand mean for (R)
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These nutrients will be released to become
available for uptake by plants. Otherwise, humus
which is the final component of organic matter
decomposition accumulates in the environmental
systems to increase moisture retention and
nutrient supply potentials of soils (Suganya and
Sivasamy, 2006).

The highest N, P and K uptake by maize
grains which were 101.43, 22.07 and 126.19 kg
ha®, were given by the high foliar spray,
respectively; assigned for foliar spray in presence
of compost. The lowest comparable values were
55.24, 15.86 and 92.62 kg ha™ respectively, were
given by the non-treated plants.

Micronutrients Content and Uptake by
Maize Grains

Values of Fe, Mn and Zn uptake by maize
grains as affected by application of micronutrients
and/or compost were shown in Tables 12 and
13. The content and uptake of Fe, Mn and Zn
followed a pattern similar to that shown by the
macronutrient where they increased significantly
by the addition of the aforementioned
fertilization treatments under with or without
addition of compost. Foliar of micronutrients at
15 kg ha™ in presence of compost treatment was
most effective on increasing content and uptake
of Fe, Mn and Zn as compared to the other
treatments. The percentages response of Fe, Mn
and Zn content and uptake by maize grains over
the control were 28.7%, 20.5% and 34.3% as
well as 64.3%, 53.2% and 71.5%, respectively
due to the addition treatment of, foliar spray of
micronutrients at 15 kg ha™ + compost. These
findings are in agreement with those reported by
Siam et al. (2012) who reported that the
application of micronutrients as mixture
treatment used as foliar application registered
highest content and uptake of micronutrients in
maize plant as compared with the other
methods. Khalil et al. (2013) reported that foliar
spraying of (Fe + Mn + Zn) in combination with
compost significantly increased Fe, Mn, Zn and
Cu content and uptake by maize grains.

The beneficial responses of increased Fe, Mn
and Zn resulted from adding compost may be

attributed to the role of organic sources in
improving these micronutrients availability
which was likely attributed to several reasons: i)
Releasing of these nutrients through microbial
decomposition of organic matter ; ii) Enhancing
the chelation of metal ions by fulvic acid,
organic legends and/or other organic function
groups which may promote the mobility of
metal from solid to liquid phase in the soil
environment; iii) Lowering the redox statues of
iron and manganese, leading to reduction of
higher Fe** and Mn** to Fe* and Mn?* and / or
transformation of insoluble chelated forms into
more soluble ions. The obtained results are
supported by Bakry et al. (2009) and Shaban et
al. (2011). The response of maize plants to Fe,
Mn and Zn may be due to the important role of
these elements in enzymes activation and
hormones regulation, in metabolism of
carbohydrate, proteins and auxins and also in
multiple processes, development, division and
differentiation of cells. In addition, Fe is
characteristics for its ability to undergo
oxidation-reduction reaction and to form a
component of chlorophyll. Zn also plays an
essential role in the synthetase and metabolism
of tryptophan. Mn influences directly the indole
acetic acid balance in plants, responsible for
plant height (ROmheld and Marchner, 2006).

Moreover, the superior effect of the mixture
treatment may be due to the suitable balance
between the aforementioned micronutrients,
which enable the plants to grow well and to
absorb more quantities of macro and
micronutrients.

The statistical data in Tables 12 and 13
indicate that foliar spray showed significant
superiority regarding Fe, Mn, Zn-contents and
Fe-uptake values by maize grains comparing
with coating and soaking methods. Also,
coating, though was slightly superior to soaking,
such superiority was statistically significant for
Fe and Zn-content. Spray and soaking were
equally effective and both were superior to
coating regarding Mn-uptake while, spraying
method was superior to the other methods.
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Table 12. Fe, Mn and Zn contents (mg kg™) of maize grains as affected by treatments

Micronutrient addition Fe-content Mn-content Zn-content
Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean
5kg ha™ 98.3 113 106 80.2 846 824 246 254 250

Coating 10 kgha® 105 121 113 84.6 86.1 854 249 259 254
15kgha® 111 127 119 883 891 887 250 262 256

Mean 105 120 113b 844 866 855c 248 258 253b
5 kg ha™ 88.3 90.1 89.2 753 765 759 188 231 210

Soaking 10kgha 924 93.2 9238 79.3 802 798 222 229 226
15kgha’ 935 98.7 96.1 831 844 838 246 249 248

Mean 914 940 927c 792 804 798b 219 236 228¢c
5 kg ha* 116 118 117 856 883 870 257 260 259
Foliar 10 kg ha™ 122 123 123 895 912 904 283 287 285
15 kg ha™* 128 130 129 921 954 938 288 290 289
Mean 122 124 123a 891 916 904a 276 279 278a
Grand mean for (C) 106 b 113a 84.2b 86.2a 248b 258a

5kg: 10kg: 15kg: 5kg: 10kg: 15kg: 5kg: 10Kkg: 15Kg:
104c 109b 115a 818c 852Db 88.7a 239c 255b 264a
M *%* R ** C ** M *%* R *%* C *%* M *%* R ** C *%*
F-test MxR: ** MxC:**  MxR:NS MxC:NS MxR:**  MxC:NS
RXC:NS MxRxC:NS RxC:NS MxRxC:NS RxC:NS MxRxC:*
* Values for control were 92.5 and 101 mg kg™ for Fe-content; 78.6 and 79.2 mg kg™for Mn-content as well as
20.6 and 21.6 mg kg™ for Zn-content under with or without compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Grand mean for (R)

Table 13. Fe, Mn and Zn uptake (g ha™) by maize grains as affected by treatments

Micronutrient addition Fe-uptake Mn-uptake Zn-uptake
Compost application (C)

Method (M) Rate (R) Without With Mean Without With Mean Without With Mean
5kgha’ 390.48 530.96 461.91 319.05 397.63 359.53 97.86 119.05 108.57

Coating 10 kgha™ 44525 590.49 519.06 359.53 421.44 390.48 10548 12643 115.95
15kgha™ 48572 635.73 561.92 385.72 44525 416.68 109.53 130.96 120.00

Mean 440.49 585.73 511.92b 354.77 421.44 388.10a 104.29 12548 114.76 b
5kgha’ 35477 426.20 390.48 302.39 361.91 333.34 7572 109.53 92.62

Soaking 10 kgha™ 407.15 476.20 442.87 350.01 409.53 380.96 97.86 117.15 107.62
15 kg ha™ 440.49 514.30 47858 392.87 440.49 416.68 11595 129.76 122.86

Mean 400.01 471.44 438.10c 347.63 404.77 376.20b 96.43 118.81 107.38b
5kgha® 488.11 597.63 542.87 361.91 447.63 404.77 108.34 131.91 120.24
Foliar 10kgha® 578.58 666.68 623.82 423.82 495.25 459.53 134.05 155.72 145.00
15kgha® 63097 711.92 671.44 45477 521.44 488.11 141.91 158.81 150.48
Mean 566.68 659.54 614.30a 414.29 488.11 450.0la 128.10 148.81 138.57 a
Grand mean for (C) 469.06 571.44 371.44 438.10 109.53 130.96

5kg: 10kg: 15kg: 5kg:  10kg: 15kg: 5kg:  10kg: 15Kkg:
464.30 b 528.58 a 569.06a 364.29b 409.53 b 440.49a 107.15b 122.86a 131.19a
M *% R ** C *% M ** R ** C ** M *%* R ** C *%
F-test MxR: NS MxC: NS  MxR: NS MxC: NS MxR: NS MxC: NS
RxC:NS MxRxXC:NS RxC:NS MxRxC:NS RxC:NS MxRxC: NS
* Values for control were 350 and 433 g kg™ *for Fe-uptake; 297 and 340 g kg™ for Mn-uptake as well as 78.09
and 92.62 g kg™ for Zn-uptake under with or without compost, respectively.
* Different lower case letters indicate statistically significant differences between treatments (P< 0.05).

Grand mean for (R)
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Conclusion

Based on the results obtained, it might be
concluded that application of compost in
combination  with  foliar  application of
micronutrients (Fe+Mn+Zn) had the highest
effect on all quantities of yield characteristics.
Foliar application of micronutrients could be
useful for improving the nutrient status,
physiological performance of maize plants
which led to an increase in concentration and
uptake of macro and micronutrients by grains
under saline soil conditions. These desirable
effects could be consequences of their
influences on improving the mineral nutrition
status and physiological performance of maize
plants that assisted them to tolerate the
unfavorable saline conditions, characterized this
area.
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