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Impact of Nitrogen Fertilization on Iron Uptake by Maize Grown in Calcareous Soil
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Abstract: Pot experiment was conducted to evaluate the effectiveness of nitrogenous fertilization in
combination with nitrification inhibitors with or without iron application for maize crop in calcareous soil.
Results revealed that at different growth stages the combination of ammonium sulfate with Nitraprin (N-serve)
gave the highestdry weight as compared with other treatments and had a prominent effect on nitrogen uptake,
iron and chlorophyll content. Application of potassium nitrate or ammonium sulfate resulted in an increase in
NO3 accumulation. However, ammonium sulfate + N-serve dramatically decreased the accumulation of NO 3

in maize leaves. Results also indicated that, NO3 concentration was higher at 60 DAS over 30 DAS (day after
sowing) except when N-serve was applied. Nitrate accumulation in leaves was in the following order:
ammonium sulfate + N-serve < ammonium sulfate < potassium nitrate. It was observed that iron content
seemed to be affected by nitrogen sources. Using N-serve with ammonium sulfate reported higher values of
ferrous, total and available iron in soil. At later stages of maize growth, the iron content increased due to
application of ammonium sulfate as compared to potassium nitrate addition. Iron application generally
increased N uptake, NO3 content, chlorophyll and ferrous iron over a period of maize growth. The increment
of nitrogen and iron uptake was associated with a predominant increase in chlorophyll content of maize leaves
correcting the chlorosis symptoms appearing on maize in calcareous soil.
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INTRODUCTION

Maize is the most widely cultivated cereal in the
world after wheat and rice. It has a great significance as
humanfood, animal feed and raw material source of large
number of industrial products. There is a need to increase
the efficiencyof N utilization in maize to maximize yield
production. Chlorosis caused by Fe deficiency is a
phenomenon which is often observed on alkaline soils
with high bicarbonate content [1]. Alkaline conditions
inhibit Fe uptake by counteracting the rhizosphere
acidification of the root[2]. Besides high alkalinity, high
nitrate levelsin thesoil may alsopromote iron chlorosis[3].
Proper management of N fertilizer in calcareous soils
involves practices thatminimize its loss through ammonia
volatilization. Following an application of ammonical-N
or urea to the soil surface, the fertilizer should be moved
into the soil profile through irrigation or mechanical
incorporation if rainfall is not imminent[4]. Regarding NH3

losses from urea, additional practices include mixing the
urea with CaCl2 or TSP and use of granular forms, urease
inhibitorsand sulfur-coated urea[5]. Iron nutrition of plants
can be significantlyaffected by N forms through altering
theuptake ratio of cationsand anions and apoplastic pH[3].
Supply of NO3–N increase leaf apoplastic pH and
depressed Fe3+ reductase activity and hence induce iron
chlorosis[6].

The objective of this work was to overcome lime
induced iron chlorosis of maize plants by preventing the

nitrificationof soil applied NH4
+, thus forcing the plant to

take up NH4
+ and changing the rhizosphere condition

enough to increase the availability of iron for the growing
plant.

MATERIALS AND METHODS

Pots were filled with eight Kg of air dry calcareous
soil characterized by CaCO3 10.3 %, pH 8.1, EC 1.15 dS
m-1, organic matter 1.02 %. Nitrogen and iron were added
to the soil according to the experimental design. Two N
levels(100 and 200mg kg-1 dry soil as KNO3, (NH4)2SO4

and (NH4)2SO4 + N-serve with and without iron (10 mg
kg-1 iron as Fe-EDTA). The Nitrapyrin was added as 1 %
of N applied. Superphosphate and potassium sulfate were
applied at a rate of 3.7 and 0.8 g pot -1, respectively.
Sufficient amounts of micronutrients applied also except
iron. The experimental treatments replicated thrice in a
split plot design.

Maize(cv. Gizahyprid 321) was germinatedand five
uniform seedlings planted in each pot and irrigated to
field capacity. The pots were weighed daily and the water
loss was replenished with tap water. Plant samples were
taken at 30 and 60 DAS (day after sowing), chlorophyll,
Fe2+ iron and NO3 estimated in the fresh leaves. At the
end of the growth period, the plants were harvested,
washed thoroughly with tap water, rinsed with 0.1N HCl
for one minute and then twice with distilled water. The
plants were dried at 70°C and grinded for analysis.
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Nitrate-nitrogen was determined using methods
described by Cottenie et al. ,[7]. Ferrous iron analyzed by
the methods reported by Katyal and Sharma[8].
Chlorophyllwas alsoestimated accordingto Lichtenthalar
and Wellburn[9]. The digested plant solutions were
analyzed for N using Micro Kjeldahl technique[10]. Total
and available iron was determined as described by Olsen
and Roscoe Ellis[11]. Obtained data were subjected to
statistical analysis according to Gomez and Gomez[12].

RESULTS AND DISCUSSIONS

Dry weight as affected by iron and nitrogen nutrition:
Dry weightin plant part varied significantlydue to Fe and
N application at different growth stages and data are
presented in Table 1. From which, Fe application had
significant influence on dry weight production.
Application of 10 ppm Fe as Fe-EDTA significantly
increased dry weight by45.3 and 52.9 % as compare to no
Fe applied at 30 and 60 DAS, respectively.

The addition of N-serve with 200 ppm Ammonium
sulfate (AS) resulted in a significant increased in dry
weight by 97.3 and 112.8 % at 30 and 60 DAS over
control and significantly superior over other treatments.
The addition of nitrification inhibitors + AS caused a
significant increase in dry weight as compare with AS
alone. The increasing trend of dry weight by AS than
KNO3 is probably due to an increase in nutrient
availabilitycausedbyacidification ofthe rhizospheresoil.
Similar observations were recorded by Thomson et al.,[13]

and Abbes et al.,[14].

Nitrogen uptake as affected by iron and nitrogen
nutrition: Data in Table 2 revealed that N uptake at
different growth stages significantly affected by the
applied iron. Result showed that, the plants received 10
ppm Fe increased N uptake by 14.8 and 11.9 % as
compared with non treated Fe at 30 and 60 DAS,
respectively. Application of Nitrapyrin with 200 ppm N
as AS markedly increased N uptake by 196.2 % over
control at 30 DAS followed by N4, N3, N5, N1. At 60
DAS, the treatment receiving N6 were the highest N
uptake (197.1 %) over control and significantly superior
over other treatments.

The application of N-serve (Ns) showed higher
values of N uptake over other treatments without N-
serve. The combination between Ns and higher levels of
AS increased the N uptake by 63.9 and 24.9 % as
compared with application of AS alone at both growth
stages. N uptake by plants treated with NH+

4-N or Ns +
NH+

4-N was higher than the plant given NO3-N
particularly at later stage of maize growth due to
acidulation of rhizosphere. Similar result obtained by
Marschner[15].

Accumulation of NO3 as affected by Fe and N
application: As regards NO3 accumulation in maize
leaves, it is clear from the data in Table 3, the
accumulation of NO3 variedsignificantly due to Fe and N
application. Results revealed that, application of Ns + AS
gradually decreased the accumulation of nitrate over a

Table 1: Effect of nitrogen and iron application on dry weight of maize (g pot-1).
30 DAS 60 DAS

--------------------------------------------------- ----------------------------------------------
Treatments Fe0 Fe1 Mean Fe0 Fe1 Mean
N0: Control 13.7 22.6 18.2 15.9 35.7 25.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N1: 100 KNO3 18.4 31.6 25.0 28.0 42.8 35.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N2: 100 (NH4)2SO4 16.8 27.7 22.3 35.1 49.2 42.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N3: 100 (NH4)2SO4 + N-Serve 23.6 35.9 29.8 41.2 57.8 49.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N4: 200 KNO3 28.1 38.4 33.3 33.2 49.7 41.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N5: 200 (NH4)2SO4 25.4 32.3 28.9 35.5 56.9 46.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N6: 200 (NH4)2SO4 + N-Serve 31.7 40.1 35.9 44.6 65.3 54.9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 22.5 32.7 33.4 51.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (1%)
Nitrogen levels 1.995 1.442
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron levels 0.975 1.039
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interactions 2.797 3.36
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Table 2: Effect of nitrogen and iron supply on nitrogen uptake by maize (mg/pot).
30 DAS 60 DAS

---------------------------------------------------- ----------------------------------------------
Treatments Fe0 Fe1 Mean Fe0 Fe1 Mean
N0: Control 224.6 267.9 246.3 359.5 400.5 380.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N1: 100 KNO3 403.9 456.7 430.3 752.5 898.7 825.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N2: 100 (NH4)2SO4 354.1 394.7 374.4 763.0 810.4 786.7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N3: 100 (NH4)2SO4 + N-Serve 484.4 566.1 525.3 1013.0 1103.5 1071.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N4: 200 KNO3 511.9 577.7 544.8 837.4 928.0 882.7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N5: 200 (NH4)2SO4 417.5 472.6 445.1 885.9 922.2 904.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N6: 200 (NH4)2SO4 + N-Serve 672.3 786.9 729.6 1000.4 1257.6 1129.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 438.4 503.2 806.8 903.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (1%)
Nitrogen levels 14.5 18.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron levels 5.2 11.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interactions 21.1 23.6

Table 3: Effect of nitrogen and iron supply on nitrate accumulation of maize (ppm).
30 DAS 60 DAS

---------------------------------------------------- ----------------------------------------------
Treatments Fe0 Fe1 Mean Fe0 Fe1 Mean
N0: Control 371 383 377 393 395 394
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N1: 100 KNO3 451 467 459 689 709 699
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N2: 100 (NH4)2SO4 410 428 419 581 584 583
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N3: 100 (NH4)2SO4 + N-Serve 379 393 386 488 485 487
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N4: 200 KNO3 521 556 539 756 759 758
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N5: 200 (NH4)2SO4 446 461 454 676 683 680
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N6: 200 (NH4)2SO4 + N-Serve 394 407 401 597 608 603
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 420 439 583 589
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (1%)
Nitrogen levels 5.37 6.85
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron levels 4.40 5.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interactions 6.1 8.10

period of maize growth. However at 60 DAS, NO3

content was higher over that at 30 DAS. This
phenomenon could be due to the oxidation of NH+

4

into soil to NO3 form through the nitrification
process creating higher NO3 accumulation in plant
tissues. The accumulation of nitrate significantly
increased by the application of potassium nitrate
levels by about 77 and 92 % at 100 and 200 ppm N at 60
DAS. Such treatment may enhance the accumulation
of nitrate in plant organs causing toxic effect to
human and animal health[16]. Whereas, application

of Ns + AS at 100 ppm N caused a reduction of the
NO3 content in the plant tissues as compared with
other treatments.

This could be due to the application of Ns
effectively suppresses the oxidation of NH4 by
Nitrosomonas bacteria and can therefore, increase
the effectiveness of NH+

4 application in reducing
the nitrate content of lettuce[17,18]. The rate of
decreasing NO3 accumulation of maize plant at
60 DAS can be ordered as follows N3 < N2 < N6 < N5

< N4 < N1.
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Chlorophyll content as affected by Fe and N
treatments: The total chlorophyll markedly differed due
to iron and nitrogen application (Fig. 1). Application of
10ppm Fe as Fe-EDTAincreased the chlorophyllcontent
by about (4.3 and 5.4 %) over no iron applied (Fe0) at
different growth stages (30 and 60 DAS). The beneficial
effect of applied iron gradually increased Fe availability
in soil and furthermore taken up by plant resulting higher
chlorophyllcontent in plants. This confirms the findingof
Katyal and Sharma[8] and Romheld and Marschner[19].

Results also revealed that application of nitrogenous
fertilizers stimulated the total chlorophyll content in
plants. Application of 200 ppm N as AS + Ns markedly
increased chlorophyll content by about 24 and 28 % at 30
and 60 DAS over control, respectively and it was
significantly higher over other treatments.

Fig. 1: Effect of iron nitrogen nutri tion on total
chlorophyll of maize.

Ferrous and total iron as affected by Fe and N
treatments: Ferrous-Fe increased markedly on the result
of Fe and N application. Data in Table 4 revealed that,
application of Fe-EDTA increased ferrous-Fe content by
45.3 and 53.0 % as compared to no Fe applied at 30 and
60 DAS, respectively. Application of higher level of AS
+ Ns gave the highest ferrous-Fe (97.3 and 112.8 %) at
30 and 60 DAS, respectively as compared to control
treatment and was significantly superior over rest of the
treatments. Results also noticed that at 60 DAS, the
treatment of N6 registered significant increase in ferrous-
Fe content over control followed by N3, N5, N2, N4
and N1.

Similar trend were noticed with case of total iron.
Application of 10 ppm Fe as Fe-EDTA increased total Fe
by about 19 and 34 % as compare with untreated one
(Fe0).Iron content significantlyaffected byN sourcesand
Ns. Data in Table 5 indicated that, application of 200 ppm
N as AS with Ns gave the highest total iron content over
control followed by N4, N5, N3, N1 and N2 at 30 DAS.

The application of AS + Ns stimulated the Fe content
in maize plant as compare to AS alone at different growth
stages.Such phenomena may be related to the absorption
of NH+

4 by plant and the consequence of hydrogen
effluxoccursfrom the root whichparticularly solubilizing
a considerable amount of iron near the root to
overcome the Fe chlorosis particularly in calcareous soil.
Similar results were observed by Kafkafi and
Neumann[20].

DTPA-extractable Fe as affected by Fe and N
treatments: Fig. 2 showed that a significant differences
in available Fe fraction in soil due to Fe and N addition.
The treatment Fe1 recorded the higher percent increase in
DTPA-extractable Fe (4.4 and 14.2 %) over control one
(Fe0) at 30 and 60 DAS, respectively. The available Fe
fraction extracted by DTPA seemed to be affected by
N sources and Ns. Data revealed that, the
application of nitrification inhibitors (Ns) + higher level
of AS gave the highest available Fe (4.27 ppm)
at 30 DAS as compared to N3 (4.19 ppm), N4
(4.04 ppm), N5 (3.87 ppm), N1 (3.74 ppm) and N2
(3.40 ppm). Whereas, at 60 DAS, application of N6
treatment produce more available Fe (5.85 ppm) over
rest of the treatments.

Under such condition, AS (Ammonium Sulfate) can
reduce soilpH by theirphysiological reduction throughits
uptake resulting in the release of H+ ion[21]. Iron can be
remobilized from old to youngtissues in maizedepending
on the form of N supply as well as supply of exogenous
as recorded by Kosegarten et al.,[6] and Zou et al.,[22].
Application of KNO3 decreased the iron availability over
the treatment of AS alone or with Ns at 60 DAS. This
could be due to NO3 uptake causes alkalization of the
rhizosphere by the concomitant extraction of OH- or
HCO-

3
[15]. Thus, high nitrate levels in soil may promote

iron chlorosis.

Table 4: Effect of nitrogen and iron supply on ferrous iron (ppm) of maize.
30 DAS 60 DAS

----------------------------------------------------------- ----------------------------------------------------
Treatments Fe0 Fe1 Mean Fe0 Fe1 Mean
N0: Control 13.7 22.6 18.2 15.9 35.7 25.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N1: 100 KNO3 18.4 31.6 25.0 28.0 42.8 35.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N2: 100 (NH4)2SO4 16.8 27.7 22.3 35.1 49.2 42.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N3: 100 (NH4)2SO4 + N-Serve 23.6 35.9 29.8 41.2 57.8 49.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N4: 200 KNO3 28.1 38.4 33.3 33.2 49.7 41.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 4: Continued.
N5: 200 (NH4)2SO4 25.4 32.3 28.9 35.5 56.9 46.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N6: 200 (NH4)2SO4 + N-Serve 31.7 40.1 35.9 44.6 65.3 54.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 22.5 32.7 33.4 51.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (1%)
Nitrogen levels 1.995 1.442
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron levels 0.975 1.039
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interactions 2.797 3.360

Table 5: Effect of nitrogen and iron supply on total iron (ppm) of maize.
30 DAS 60 DAS

----------------------------------------------------------- ----------------------------------------------------
Treatments Fe0 Fe1 Mean Fe0 Fe1 Mean
N0: Control 115.3 143.0 129.2 120.3 155.4 137.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N1: 100 KNO3 164.3 211.7 188.0 185.4 238.7 212.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N2: 100 (NH4)2SO4 140.1 187.3 163.7 196.2 273.0 234.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N3: 100 (NH4)2SO4 + N-Serve 180.5 231.4 206.0 211.0 305.6 258.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N4: 200 KNO3 219.0 244.6 231.8 201.5 288.9 245.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N5: 200 (NH4)2SO4 204.2 227.3 215.8 276.2 366.1 321.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N6: 200 (NH4)2SO4 + N-Serve 247.1 265.8 256.5 305.7 387.4 346.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 181.5 215.9 213.8 287.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (1%)
Nitrogen levels 15.9 18.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Iron levels 9.05 9.48
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Interactions 21.1 22.1

Fig. 2: Effect of iron and nitrogen nutrition of DAT-Fe
in soil of maize
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