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ABSTRACT

. Effect of applying N-fertilizers (soluble and slow release) to wheat
growi on a calcareous soil in presence of Fe or Mn or Zn (mineral and chelated
forms) was studied. Assessment included response of dry weight of plant, N, Fe,
Mn and Zn uptake. Seven sources of N were used, urea “N1”, ammonium
suiphate “N27”, sulphur coated urea “N3”, urca-form (ureaformaldehyde) “N4”,
calcium nitrate “N5”and ammonium sulphate + N-serve “N6”. twe sources [
mineral and chelated ] of Fe, Mn, and Zn were used.

Under conditions of mineral or chelated Fe, dry weight of wheat plants
was significantly increased by an average of 53% with application of N-fertilizer,
Appiication of N as N2 or N6 showed the highest N-uptake giving increases
averaging 334.8% and 363.2%, respectively. The highest Fe-uptake occurred with

-N2 and N1. Treatments of N2 and NG showed the highest Mn-uptake. The results
of Zn-uptake were rather similar to those of Mn-uptake. '

In case of mineral and chelated Mn application, N-sources significantly

increased dry weight of plant with a mean percentage increase of 30.9%. All N.

_sources positively affected N, Fe, Mn, and Zn uptake by plants by an average of
108.8,-12.3, 100.0, and 23.9%, respectively. . _

Under conditions of mineral or chelated Zn dry weight of plants
responded positively to N application in any form exhibiting an average increase
of 44.6%. Application of N-sources significantly increased N, Fe, and Zn uptake
by wheat plants with averages of 176.4, 22.4, and 93.3%, respectlvcly Most N~

sources increased Mn uptake.

INTRODUCTION

" Nutrient disorders relating to micronutrient deficiency; especlally Fe
and Zn are widespread, and are an important limiting factor in arid and semi arid
. areas (Sillanpai, 1982 and 1995). Zinc uptake was generally decreased with the

. .application of high rates of FeSO, (Mortvedt and Kelesoe 1988). Hammed (1997)
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concluded that application of different sources and concentrations of Fe to maize
caused 3 progressive decrease in Zn concentration especially when added as Fe-
EDTA at high rates. Iron concentration and uptake were decreased with
increasing Zn-application. (Mohamed, 1998). Several mechanisms were proposed
1o explain the effect of Fe application in inducing Mn deficiency and causing a
number of other phenomena (Romero, 1988).

Iron increases plant growth and may decreasc manganese concentrations
in tops to deficient levels through the “dilution effect”™ without decreasing Mn
uptake. On the other hand, manganese deficiency may induce Fe toxicity by
decreasing growth without decreasing the accumulation of Fe. Ali er al. (1998)
found that excessively high Fe levels induces symptoms of manganese deficiency
and decreases concentration of Mn in leaf blades. El-Headek (2000) found that
Fe-EDTA application to calcareons and non-calcaroous soils showed a relative
reduction in Mn concentration in barley straw and grains. Kalyanaraman and
Sivagurunathan (1994) concluded that the excess of accumulation of Zn in the
plant induced a reduction in content of Mn levels in plant.

The antagonistic effect of Zn on the concentration of Mn may be also
explained on the basis of competitive inhibition of Zn on Mn. Basyouny (1996)
and Rateb (2000) demonstraled that application of Zn under saline and non-saline
conditions reduced Mn concentration and its uptake by wheat plant.

The impact of soil propertiecs on nutrient availability to crops and
consequently the nutrient power supply of the soil have reported by several
investigators (Amberger, 1991, Sillanpas, 1995 and Nofal et al. 1998). Basyouny
(1996) showed that iron application, as Fe-EDTA was superior for increasing the
Fe content in wheat grown on a non-calcareous soil, whereas Fe-EDDHA was
more effective on a calcareous soil, and FeSO, was inferior to the chelated
sources, El-Headek (2000) found that application of Fe-EDTA to a non-
calcareous soil resulted in a marked increase in dry weight of grains (24%) and a
stight increase in straw (1.62%) of barley as compared with application of FeSO,

Foliar application of chelated micronutrients caused remarkable higher
yiclds (Kriem ef af, 1991). El-Beshbeshy (1983) reported that foliar application of
Mn in chelated form on maize plant increased the concentration and vptake of N,
P and Mn in grains. Firgany ef al. (1983) showed that spraying chelated Mn-
EDTA increased grain yield, car iength and weight of 100 kemnels whereas
number of rows/car was not affected. Application of Zn fertilizers with or without
nitrogen fertilizers increased dry matter, but this increase was more pronounced
in the case of nitrogen application and Zn-EDTA was more effective than
2080,. TH,0 (El-Koumey and El-Sayed, 1997).

Rateb (2000) found that the fertilization of wheat by zinc¢ sulphate at 5
Kg Zn/fed with application of ammonium sulphate was of superior effect in
increasing dry weight of wheat than under conditions of applying ammonium
nitrate.
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The abjective of this study was to assess the effect of nitrogen source as
wel! as Fe, Mn and Zn sources on nutrient availability to wheat plants.

MATERIALS AND METHODS

Soil and methods of analysis:

The soil used in this experiment was a calcareous one collected from the
surface 0-15 cm layer from Marsa Matroh, north of the Western Desert of Egypt.
Soil was air-dried, crushed with a wooden roller to pass through a 2 mm sieve and
stored for the experimental usc. Physical and chemical properties of the soil are
shown in Table (1),

Soil pH was determined in a 1:2.5 p0il : water suspension; and calcium
carbonate was determined by the calcimeter (Piper. 1930). Soil salinity
(expressed as EC) and soluble ions were in a saturated soil paste extract; organic
matier was determined by the Walkley and Black procedurc as outlined by
Jackson (1967} and Page ef of. (1982). Sulfate was determined as the difference
between the sum of cations and anions, Particle size distribution was determined
using the pipette method (Piper 1930).

Available Fe, Zn and Mn were extracted by ammonium bicarbonate-
DTPA [AB-DTPA] according to Soltanpour and Workman (1979).

Sources of nitrogen fertilizers;

Six N-sources were used. They were as follows: urea “N1” (46 % N),
ammonium sulphate “N2” (20.6% N), sulphur coated urca “N3” (38%N), urea-
form (ureaformaldehyde) “N4” (40%N), calcium nitrate “N5” (15,5% N) and
ammonium sulphate + N-serve “N6”

Sources of micronutrient fertilizers:
Two sources of micronutrients (Fe, Mn and Zn) were used. They were
as follows: a mineral sulphate form “F1” [FeSO,. TH;O for Fe, ZnS0,. TH,0 for
.Zn and MnSO, for Mn] and a chelated form (EDTA) “F2™. .

Experimental work:

"Pots of 17 cm diameter and 23 cm depth were packed uniformly with 5
kg of the calcareous soil. Basal doses of P and K were added to the soil as Ca-
superphosphate and potassium sulphate at rates of 15 and 48 mg of P and K /kg,
respectively. Sources of nitrogen fentilizers were applied at a rate of 100 mg N/kg
before planting. Fificen grains of wheat (Triticum aesfivam cv. Sakha 69) were
Planted in each pot, irrigated with distilled water to bring the soil moisture
content 1o about 70% of the ficld capacity, then later the seedlings were thinned to
ten plants after seven days from germination.

The experiments were executed each concerned onc of the, three
micronutrients Fe, Mn and Zn, relating its two sources {(mineral and chelated)
with the six N sources.
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Table (1); Sclected chemical and physical properties of the studied soil.

Soil propertie
Particle size distribution:
Coarse sand % 16.7
Fine sand % 417
Silt % 14.6
Clay % 21.0
Texture Sandy clay loam
pH (1:2.5 soil : water suspension) 8.16
EC in soil paste extract {dS/m) 1.90
Soluble ions (me/L) in soil paste extract:
CO,™ 0.0
HCOy 12.5
cr 3o
so* 3.5
Ca” 6.0
Mg* 4.0
Na' 8.4
K’ 0.6
CaCO, % 17.87
Organic matter % 2.14
Available Fe* (mg/kg) 416
Available Mn* (mg/kg) 1.74
Available Zn* (mg/kg) 1.70
Availgble Cu* (mg/kg) 0.52

* in AB-DTPA (Ammonium bicarbonate-DTPA) extract.

For each experiment, the micronutrients was applied ten days afier
sowing at a rate of 10 mg/kg. Treatments were in 3 replicates Each experiment
was executed in a factorial randomised complete block design.

Plants were harvested afler 165 days of planting. The plant materials
were then oven dried at 70°C for 72 hours and their dry weights were determined.
The dried plant materials were ground and chemically analysed.

Factors of the experiment were two: the first is the sources of micronutrients (2
sources); the second is the source of N (6 sources). A control treatment with no
addition of either micronutrient or N was also carried out.

Plant analysis:
For analysis of Fe, Zn and Mn, plant materials were digested by means

of H,80, + HCIO,; for total N, the micro-kjeldah! method was used (Chapman
and Pratt,1961); Fe, Zn and Mn in soil as well as plant extracts were assayed by
Atomic Absorption Spectrophotometer (Perkin Elmer 3110).

Statistical analysis:
Analysis of variance for the obtained data was performed according to

the methods described by Gomez and Gomez. (1984).
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RESULTS AND DISCUSSION

Addition of fentilizer N along with any of Fe, Mn, or Zn caused a
positive response with regard o plant growth or N, Fe or Zn uptake.

Effect of different nitrogen sources on plant growth and nutrient uptake
under conditions of mineral or chelated Fe (Table 2):

Dry weight:

Dry weight of wheat plants grown on calcarcous soil was significantly
increased by an average of 53% with application of N-fertilizer Ammonium
sulphate "AS" N2 either alone or mixed with N-scrve N6 gave the highest values
of dry weight which increased by averages of 67.6% and 74.9%, respectively.
Thus, adding N-serve to N2 increased its efficiency as a fertilizer. Sulpher-coated
urea N3 was the least effective N source and caused an increase of 34.1% in dry
weight of wheat. Urea-form "UF" was superior to sulpher-coated urea "SCU”
only in prescnce of Fe-EDTA,; in presence of FeSO, both N sources were similar.
Comparison between the chelated (EDTA) and the mineral Fe forms shows a
superiority of the former. Such superiority was significant in treatments which
were fertilized with the slow-relcase N-sources of urea-forma “UF" as well as the
slow calcium munitrate, i.¢. with N4 and NS sources. These results are similar to
those of Awad (1990), Singh ef al. (1996) and Zeidan and Nofal (2002) who
found that different nitrogen sources increased dry matter yield of wheat plants
and that applied Fe was more effective on the dry matter in presence of applied N.

Nitrogen-uptake:

Application of "AS" either alone “N2” or mixed with N-serve “N6”
showed the highest N-uptake giving increases averaging 334.8% and 363.2%,
respectively. This trend was similar to that of dry weight. The lowest N-uptake
was given by "UF" N4 followed by "SCU" (i.c. the 2 slow-release sources) giving
average of 83% and 38% respectively. Such low N uptake given by the slow-
relcase sources was more evident under conditions of fertilization with mineral Fe
rather than chelated Fe. The obtained results are in agreement with those of
Abbady (1988) in which values of N-uptake by wheat plants significantly
increased by application of all N-sources,

Iron-uptske:

The highest Fe-uptake occurred with N2 and NI; giving 135.7% and
120% average increases, respectively. The lowest increase was with N4; which
gave 621.4% increase. Applying N6 gave 80.5% increase in Fe uptake. The most
cffective treatment on Fe uptake was N2 Fe2 and the least effective one was N6
Fel. The superiority of N2 may be attributed to the acidification effect of this
source in the rhizospher. As plant absorbs NH.' ions it excretes to the growth
medium H' ions which in turn increases iron availability. Chelated Fe releases
iron ions more readily in acidic conditions. The positive effect of the chelated
source would be suppressed with addition of N scrve i.e with presence of N6
source. N-serve inhibits nitrification, this inhibition effect may be the reason of
negative effect of N6 on N2. These results are in agreement with those reported
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by Abd El-Haleem (1985). Application of chelated-Fe form increased Fe-uptake
than those caused by the mincral-Fe form with no significant differences. These
results agree with those of Abd El-Haleem (1985) in which Fe uptake from the
chelated source (Fe-EDTA) was higher than corresponding mineral Fe (FeSO,).
Superiority of chelated Fe over mineral Fe in presence of N in all forms.

Manganese-uptake:

Treatments of N2 and N6 showed the highest Mn-uptake giving an
average of 9.8% increase in the Mn uptake. Treatments N3 and N4 did not
significantly affect Mn-uptake. Both of N2 and N6 were more effective under
conditions of mineral Fe than chelated Fe. These results are in agreement with
those of El-Headek (2000). The superiority of the ammonium forms of N (i.e. N2
and N6) may be due to their acidification effect on the rhizosphere, which in turn
would increase Mn availability.

Zinc-uptake:

The results of Zn-upiake were rather similar to those of Mn-uptake, N-
application increased Zn-uptake in particular when applied as N2 or N6.
Application of Fe as mineral was superior than as chalated, the superiority of
mineral Fe was more pronounced under conditions of N2 or N6 nitrogen
application. The inferiority of chelated Fe effect on Mn and Zn uptake may be
partially due 1o the computing effect of Fe on Mn and Zn uptake. These results
are similar to those reported by Hamed (1997).

Results reflect an enhancement effect of ammeonivm form of fertilizer in
& greater uptake of Zn due to applying mineral Fz2 rather than chelated Fe,

Effect ¢f differcut nitrogcn sources om plant rowth zad zuttizrn! uptake
under ¢conditicns of miscral oo chelated Me {Table 30
Dry weight:

Application of differca! N-sources significantly increazed dry weight of
plant with & mcan percentage increass of 30.9%4, Thase rosults are similar to thosa
obtained by Z.idan and Nofa! {2002} who concluded tha it is necessary to apply
N to maximize the yield of wheat plant receiving micronutronts. The higheot
increase was obtained when N2 or NE was the form, giving 47.5% and 44.7%
average increases, respectively. Adding N-serve to {AS), i.e. trcatment NSzove
greater dry weight than {AS) alone, i.c. N2,

This occurred only where chelated-Mn was used. In presence of minera!
Mn, N6 gave greatei weight than N2. The lowest incrcase was cbtained with
sulpher coated urea (SCU), i.e. N3 giving 9.2% average increase. Slow release of
N in the forms of (SCU) was noi suitable for the raic of growth of the plant.
Comparison between chelated and mineral Mn shows superiority of the former
with all sources of N. _



Growth Enhancement Of Wheat By Supplementation Of....2107

Table (2): Effect of applying N and Fe sources on dry weight and uptake of
N, Fe, Mn, and Zn by wheat plants.

N-sources “A”
Feform“B” [ N1 | N2 | N3 | N4 | NS | N6 | Mean
Dl’)’ "!l!_llﬂ"
Fel 795 | 8.49 681 | 708 | 890 7.68
Fel 8.01 | 3.6l 6.84 750 | 768 | 894 7.93
Mean 798 | 855 | 684 | 7.16 | 738 | 892
L.5.D 0.05 A=0.37 B = NS AxB = (.52
N-uptake m
Fel 294.931330.26 | 138.17]130.07 | 177.00|351.93| 237.06
Fe2 300.38 [ 332.35] 147.06 | 148.50219.63 | 354.0 | 250.32
. _Mean 297.66 (331,31 |142,62|139.29 | 198,32 | 352.97
L.S.D 0.05 A=36.7B =NS AxB = 51.9
Fe-uptake mg/pot
Fel 455 | 491 | 334 | 324 | 336 | 3.17 3.76
Fe2 469 | 499 | 355 1 358 | 369 | 44 4.15
Mean 462 | 495 1 345 { 341 | 353 | 379
L.S.D 0.05 A= (.37 B = NS AxB = 0.52
Mn-uptake mg/pot
Fel 045 { 049 { 042 | 043 | 044 | 049 0.45
Fel 044 | 047 | 041 | 044 | 044 | 046 0.44
Mean 045 | 048 | 042 | 044 | 044 | 048
L.5.D 0.05 A=0,03 B = NS AxB = (0.04
Zn-uptake mg/pot
Fel 033 | 042 | 036 | 037 | 037 | 043 0.38
Fe2 032 | 038 [ 036 | 038 | 037 | 041 0.37
Mean 033 | 040 { 036 | 038 | 037 | 042
L.S.D 0.05 A=0.013 B =0.007 AxB=0018
IControl: Dry weight 5.1 g/pt-N uptake 76.2 mg/pot—Fe uptake 2.1 mg/pot—- Mn
uptake 0.41 mg/pot—Zn uptake 0.3 mg/pot
N1= Urea N2= (NH,);S0O; N3= Sulfer coated urea
N4= Urca formaldchyde N5= Calcium mitrate N6= (NH,),50, + N serve

Nitrogen-uptake:

Generally, all N-sources positively affected N-uptake by plants. The
average increase caused by applying N was 108.8%. The highest increase
(178.0%) was given by N6. Adding N-serve to (AS) enhanced N uptake since N2
gave greater N-uptake than N6. The least increase (31.5%) was associated with
sulpher coated urea N3. The chelated form of applied Mn was superior (by
22.3%) 10 the mineral form. These results are similar to those obtained by Singh
(1990) who stated that applying N and/or Mn increased N and Mn uptake by
wheat plants. The least effective N sources were the slow-release forms of N3 and

N4 as they provide smail quantities of available N to plants.
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Iron-uptake:

Concerning Fe-uptake data indicate that all N-sources increased Fe
uptake significantly. The highest average increase was given by N2 (22.4%)
followed by N1 (18.6%). The lowest average increase was caused by N3 (0.9%).
Adding N-serve to,(AS) i.c. N6 caused a greater N-uptake than applying (AS)
alone, i.e. N2; this occurred only in presence of adding mineral Mn. However, in
presence of chelated Mn, N6 was superior to N2 i.e. adding N-serve to (AS) was
more effective. The chelated form of Mn was accompanied with greater Fe-
uptake than the mineral form giving an average 13.1% increase over the mineral
form.

Mangancse-uptake:

Values of Mn-uptake were gencrally increased by applying N in any
form. The average increase caused by applying N was 96.3%. The highest
increase of 141% results from using N6. The least increase of 60.9% was found
with cither N4 or NS. Adding N-serve to (AS) was more effective in presence of
chelated MN since N6 was superior to N2 only in presence of chelated Mn.
Greater Mn uptake (average 23.6% increase) occurred with chelated Mn than
with the mineral Mn. The superiority of chelated Mn as compared with mineral
Mn under the condition of calcarcous soil may be due to its ability to maintain
Mn in availability form for the growing plants. The current results are similar to
those obtained by El-Beshbeshy (1983) who found that application of Mn in
chelated form increased Mu-uptake by grains of maize plant.

Zinc-uptake:

Adding N sources in any form increased Zn uptake by an average of
23.3%. The highest increase of 40% was given by N2 followed by N5 which gave
an average increased of 30%. Lower increases of13.3% and 16.6% were given by

N1 N3, respectively,

Adding N-serve to AS (i.e. N6) improved its efficiency in increasing Zn-
uptake. This occurred particularly under condition of chelated- Mn when N6 was
superior to N2, while the opposite happened under mineral Mn form when N2
was superior to N6. The negative effect of adding N serve to (AS) under mineral
Mn conditions may be relate to persistence of ammonium and suppression of
nitrification in presence of MnSO.. Comparison between chelated and mineral
forms of applied Mn, exhibited that, the mineral form was superior to the chelated
form where either N2 or N3 was used, while in presence of N6, the chelated form
was superior, with the other N-sources the two forms of Mn were similar or not
statistically differeat.

Effect of different nitrogen sources on plant growth and nutrient uptake
under conditions of mineral or chelated-Zn (Table 4):

Dry weight:

Dry weight of plants responded positively to N application in any form
exhibiting an average increase of 44.6% as compared with control treatment. The
increases were highest when N2 or Nt was applied as they gave average of 70%
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and 55.1% increases, respectively. Adding N-serve to (AS), i.c. N6 decreased dry
weight of plant . Application chelated Zn was superior to the mineral form. El-
Basioni ef al., (1993) and Zeidan and Nofal (2002) reported that Zn fertilizer gave
greater positive response in plant growth as compared with other micronutrients,
particularly when given in presence of N fertilizers.

Table (3): Effect of applying N and Mn sources on dry weight and uptake of

N, Fe, Mn, and Zn by wheat plants
Mn- N-sources “A”
form NI | N2 | N3 Ne | NS | N6 Mean
“B” Dry weight gpot

Mnl 6.93 723 514 576 5.38 6.71 6.19
Mn2 735 7.83 6.00 6.30 7.50 8.04 717
Mean | 7.14 7.53 §.57 6.03 644 7.38

LS.D A=~ 001 B=001 AxB = 0,02

0,08

N-uptake mg/pot
Mnl 163.58 | 18581 | 86.33 97.92 134,50 | 190.56 | 143.12
Mn2 176.40 | 22472 | 11400 { 107,10 | 19500 | 23316 | 175.06
Mean | 16999 | 20527 | 100.17 | 102.51 | 164.75 | 211.86

LS.D A= NS B=NS AxB = NS

0.05
Fe-uptake mg/pot

Mel 2.43 2.48 1.96 2.19 1.93 2.27 2.2}
Mn2 2.54 2.65 2.28 231 2.54 2.68 2.50
Mean 2.49 2.57 2.12 2.25 2.24 2.48
L.S.D
oes | AT02 B0l ABR03

_ Mu-uptake 'pot ]
Mnl 0.89 0.87 0.56 0.61 0.53 0.87 0.72
Mn2 | 100 103 | 0.68 0.70 | 0.79 1.11 0.89

Mean | 095 | 095 | 071 066 | 066 ) 099 | |
LSD [ _ —ng-
A= 0,02 B =001 AxB = 0.07

0.05 .y S e - — o —— S

Zn-uptake mg/pot o
Mni | 034 | 045 | 034 | 037 | 044 | 028 | 037 j
Mn2 0.34 0.39 0.36 0.37 0.33 0.44 0.37
Mean 0.34 0.42 0.35 0.37 0.3%9 0.36

L.S.D _ . _
0.08 A=0.03 B=NS§ AxB = 0,04

Control: Dry weight 5.1 g/pi—N uptake 76.2 mg/pot-Fe uptake 2.1 mg/pot—
Mn uptake 0.41 mg/pot—Zn uptake 0.3 mg/pot
See footnote of Table (2).

Nitrogen-uptake:

Application of any N-source significantly increased N-uptake by wheat
plants, The highest increase of 268.3% was caused by N6 foliowed by Nlwhich
gave an average increase of 267 4%, while N4 gave the lowesf increase of 56.4%.
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Using N3 and N5 treatments gave increases of 109.6% and 109.4%. Adding N-
serve 10 AS, (i.c. N6) raised its officiency as a fertilizer particutarty under mineral
form of Zn. The chelated form was superior to the mineral form of Zn, except
when N2 or N6 were applied where the mineral form was the superior one.

Table (4): Effect of applying N and Za sources on dry weight and uptake of
N, Fe, M, and Za by wheat plants,

Ia- N-sources “A”
form N1 N ]__LNJ | N4 | NS | N6 Mean
“B” Dry weight g/pot

Znl 1.80 8.40 6.4 6,09 6.39 8.07 720

Zn2 | B0l | 894 | 678 | 642 | 645 | £70 | 7.58

Mean 7.91 8.67 6.62 6.26 6.42 £.70

LS.p A=0.76 B=NS AxB = 0.07

0.08
N-uptake m

Ial 263.64 | 26964 | 12900 | 11632 | 156.56 | 295.80 | 205.16

In2 296,37 | 259.26 | 190.52 | 121.98 | 162.54 | 26544 | 216.02

Mean | 280.00 | 264.45 | 159.76 | 119.15 | 159.55 | 280.62

LS.D A=20 B=12 AxB =123

0.08
Fe-uptake mp/pot

Zal 2.64 2.90 2.30 2.19 2.31 2.92 2.54

Zn2 | 267 1 304 | 237 | 228 | 232 | 289 | 260

Mean 2.66 297 2.34 .24 2.32 2.91

LS.D A= 001 B =001 AxB = 0.02

0.05
Mn-uptake mg/pot

Zal 0.48 0.53 0.45 0.41 0.36 0.52 0.46

Zal 0.46 0.54 0.41 0.41 0.39 0.57 0.46

Mean 0.47 0.54 0.43 0.41 0.38 0.55

LS.D A=0.01 B=NS AxB = 0.0]

0.05
Za-uptake mp/pot

Znl 0.62 0.66 0.46 0.44 0.47 0.70 0.56

Tu2 0.66 0.74 0.49 0.48 0.48 0.73 0.60

Mean 0.64 0.70 0.48 0.46 0.48 0.72

LS.D - - -
0.08 A=0.02 B=001 AxB =0.03

" Control: Dry weight 5.1 g/pi—N uptake 76.2 mg/pot-Fe uptake 2.1 mg/pot—
Mn uptake 0.41 mg/pot—Zs uptake 0.3 mg/pot

See footnote of (Table) 2.

Iron-uptake:

Fe-uptake by plants was positively affected by nitrogen application with
an average increase of 22.4%. The most effective N source was N2 which gave an
average increase of 41.4% followed by N6 which gave an average increase of
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38.6%. Adding N-serve to AS, (i.c. N6) gave greater Fe uptake as compared with
(AS) alone, i.e. N2 particularly those which received the mineral form of Zn.
However, Fe-uptake by plants of N6 under conditions of chelated form of Zn was
lower than those of N2. Thus, the effect of (NH,),80, + N- serve on Fe uptake
was positive. Chelated Zn was superior to mineral Zn except where N6 was
applied when the reverse occurred.

Manganesc-uptake:

Most N-sources increased Mn uptake particularly N6 and N2 giving
averages of 34.1% and 31.7% increases respectively. N5 caused a slight decrease,
N6 gave greater Mn uptake over N2 indicating enhancement of N-serve to the
effect of ammonium sulphate source. This occurrod particularly under conditions
of chelated addition of Zn. The chelated form was superior to the mineral form
under conditions of N5 and N6 in particular, under conditions of N1 and N3 the
reverse occurred; under conditions of N2, and N4 both Zn sources were similar.

Zinc-uptake:

All sources of N increasod Zn-uptake. The highest increase occurred
with N6 (an average of 140% increase) followed by N2 (an average of 133.3%
increasc). N-serve showed no marked effect to the efficiency of ammonium
sulphat under chelated Zn, but under mineral-Zn condition it enhanced its
efficiency. Comparing the two forms of applied Zn, results show that the chelated
form was superior 1o the mineral form particularly in presence of N1 or N2,
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