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AN ABSTRACT OF THE THESIS OF

Prodromos Koukoulakis for M.S. in Soils

Title: Zinc-phosphorus-nitrogen interrelationships in maize nutrition,

A greenhouse experiment was conducted with maize grown on two
calcareous soils with N, P, Zn, and method of placement as variables.
Application of N resulted in increased Zn and P concentration in
maize tops. Applied P tended to depress Zn levels of tops and the
positive P-Zn effect indicated that the depressing effect of P on Zn
was greater at low 4n levels. The positive N=P-Zn interaction tended
to emphasize the effect at high N levels, but this was counteracted
by the positive N-P interaction and the large first order N effect.
The relationship between P and Zn application effects on maize
depended -on the relative levels of applied Zn and P as well as the
levels of N in the system, -

Mixing Zn in the soil was more efficient than banding in
increazing Zn levels in the plant tissues, while mixing P in the
AREC soil and banding P in the Bazouryeh soil were the most effective
of the P application methods used. Applied Zn had little effect on
P levels of tops but applied P had a generally negative effect on Zn
concentration. The greater proportion of Zn and Mn translocated
from roots to tops in the plants from the Bazouryeh soil as compared
to the plants from the AREC soil was related to much greater Ca
concentration of roots. However, a considerably greater proportion
of P was translocated from roots to tops in the AREC soil, This leads
to the postulation that excess Ca in the roots inactivates P and .thus
prevents P from inactivating as much Zn and Mn in the roots.

The Bazouryeh soil had greater tendency to fix P while the AREC
soil tended to fix Zn to a greater extent, However, applied Zn and P
did not have a mutually depressing effect on "available" P and Zn in
the AREC soil after cropping. It was concluded that the effect of P
on 4n in maize is associated with the plant root system, rather than
the soil. It was also concluded that the general tendency of calcareous
soils to be less Zn deficient than soils with pH levels near
neutrality is probably related to the greater Ca levels resulting
in inactivation of more P in the roots, thus allowing more Zn to be
translocated to the tops.
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I. INTRODUCTION

Maize is potentially a very important crop in the Middle East
due to its efficiency of production of food and feed. Experimental
grain yields of almost 18 metric tons per hectare of irrigated
maize have been attained in Lebanon under soil and climatic
conditions similar to many regions of the Middle East.

Numerous factors affect the growth and development of maize
and interactions among macro and micronutrients have an important
function,- Experimental evidence has suggested that interaction of
. ﬁﬁe growth factor with another, may be more important than the
direct effect in many cases. Maize is sensitive to Zn deficiency
and high levels of soil P decrease its uptake. Heavy P applicatiohs
have resulted in P-induced Zn deficiency. The nature of this
phenomenon is not well understood. Experimental work has suggested
that it may be physiological in nature. Application of N has been
reported to enhance the uptake of Zn but this éffect has not been
clearly understood.

A greenhouse experiment was conducted using a three layer
technique (sand-soil-sand), inveolving two calcareous soils and
including eight methods of nutrient placement. The experimental
design was a rotatable, central composite, incomplete factorial. The

purpose of the experiment was to study:



The overall effect of N, P and Zn as well as their
interactions on yield of maize tops and on P and Zn
composition,
The effect of the method of placement on yield and
composition.

The nature of the P-Zn interaction.



II. REVIEW OF LITERATURE

In view of the importance of maize production considerable
work has been carried out in relation to P and Zn nutrition of maize.

The pertinent data are reviewed in the following pages.

The Zn~P Interrelationship

Stukenholtz et al. (1966) reportéd that P has a depressive
effect on the uptake of Zn in maize. They concluded that this effect
is physiological in nature occurring in the roots. where due to P
éccumulatiﬁn, the translocation of Zn from the roots to nodal and
internodal tissues is inhibited. Martin et al. (1965) found that
applicatiﬂn of P reduced the Zn concentration in tomato plant tissues
grown in a greenhouse. They concluded that P induced Zn deficiency
is related to soil temperature.

The effect of Zn application on yield of maize was studied by
Ellis‘gé.glu (1964) who found an increase in yield from 7,504 to 8,680
pounds per acre with maize grown on a calcareous soil. In a greenhouse
experiment with the same soil, application of 10 pounds of Zn per acré
increased Zn concentration of the tops. In another greenhouse
experiment the same authors found that application of 10 pounds of
Zn 1ncreased the yield of field beans, but when high P levels were used

- in a field experiment involving beans, plants suffered from severe



P-induced Zn deficiency, They also concluded that the P-Zn
interaction is related to the root system. Similar depressive

effect of P on Zn has been reported by Langin et al. (1962).

decrease in Zn concentration resulting from high applications of P
but that plants so treated had a high P/Zn ratio., Burleson et al.

(1961) reported a severe P~induced Zn deficiency in Phaseolus

vulgaris. They reported that Zn deficiency is favored in some Crops

by certain climatic conditions, being enhanced by cold and wet soils
during the early part of the season by restricting root deﬁélopment
chiefly tohthe zone of the fertilizer placement.

Watanabe et al. k1965) indicated that Zn concentrations in
maize tissues were depressed at all levels of Zn with applied P. The
addition of the first increment of P increased the yield due to
co}rection of low supply of P, However, further additions of P had
slightfdepressive action on Zn. Depressive P effect on Zn of maize
has also been reported by Soltanpour (1963).

Thorne et al. (1942) reported that Zn deficiency of fruit trees
in Utah is more common in acidic soils. No Zn deficiency was observed
in calcareous soils. They also found that the Zn content of
calcareous soils was twice as high as for non-calcareous soils.
Similarly Alben and Boggs (1936) found that the basic United States
soils had a greater Zn concentration than acid soils. Ravikovitch
t al. (1961) reported that the EDTA extractable "available" Zn of

— ——

Some calcareous and non-calcareous soils of Israel was in the range of




deficiency,

The Role of N in P and Zn Nutrition of Maize

. Viets et al. (1957)

by application of ZnSO4 and the dry matter yield of milo was increased

Significantly.

the N carriers on Zn uptake on the basis of changes in PH brought

about by the carriers.

Method of Placement




ZnSG4 was more effective in increasing the Zn uptake by maize, than
banding at planting time with or without N, side dressing with or
without N, or spraying when plants were 6 to 12 inches tall.
Broadcasting was ineffective when not plowed under. Small amounts
of N banded with ZnSO, increased its effectiveness. Ward et al.
(1963), working with grain sorghum and maize, repcrted that P
fertilizer épplied in the row markedly reduced Zn concentration in
maize. Increased soil compaction and soil moisture levels caused

further depression on the uptake of Zn.



ZnSO4 was more effective in increasing the Zn uptake by maize, than
banding at planting time with or without N, side dressing with or
without N, or spraying when plants were 6 to 12 inches tall.

- Broadcasting was ineffective when not plowed under. Small amounts
of N banded with ZnSO4 increased its effectiveness. Ward et al.
(1963), working with grain sorghum and maize, reported that P
fertilizer épplied in the row markedly reduced Zn concentration in

maize. Increased soil compaction and soil moisture levels caused

further depression on the uptake of Zn.



III. MATERIALS AND METHODS

A greenhouse experiment was conducted in order to determine
the overall effects of N, P and Zn as well as their interactions on
maize nutrition. The effect of the method of placement and the

nature of'the P-Zn interaction were also studied.
Experimental Design

A central composite, rotatable, incompléte factﬁfial.design
was uséd aé described by Cochran and Cox (p; . 349, 1957). This
design allowed the study of the yield response for the three variables,
(five levels for each), and for their interactions, with a total of
fifteen treatment combinations. One of the treatments was repeated
six times in order to make possible the détermination of the
experimental error. The levels of variables were coded as -1.68, -1,
O, ¥1, and +1.68 as required by the design. The levels used, were
varied according to a logarithmic scale (to the base, 2, table 1).

The statistical analysis was done by IBM 1620 computer.

Table 1. Applied N, P and Zn, and their levels.

Levels ‘ N P Zn
(log2 scale) Coded values ppm
1 -1.68 34.8 34.8 9.3
2 -1 26,2 56,2 15.0
3 0 112.8 112.5 30.0
4 +1 225.0 225.0 60.0
5 +1.68 360.0 360.0 96.3




In order to study the effects of position of the applied
nutrients in the rooting media on yield of dry matter and on P and
Zn as well as Mn composition, eight methods of nutrient placement
were .used on each soil as follows:

ZxPx, ZmbPmb, ZbPb, ZI1P1, ZxP1, ZbPl, Z1Px, and ZI1Pb

where:

N
H

zinc
P = phosphorus

X = mixed with the soil

b = banded
mb = Zn and P mixed and banded
1 = added to sand in solution

Thus, the entire experiment consisted of twenty pots (cans) for the
composite design, two soils, and eight methods of placement making

320 individual pots.

Greenhouse Procedure

Two calcareous soils were screened through an 0.6 cm plastic
sieve in order to avoid Zn contamination and were kept undried. Sand
was collected from near the Beirut seashore and was thoroughly washed
with tap water to eliminate the presence of salts, dried and stored,

Preparation of cans The sand was placed in each can, lined with a

polyethylene bag, until the weight of can plus sand was 2,000 g. The
cans were 15.5 cm in diameter and 24,5 cm in height. A 22 cm section
of plastic garden hose (1.25 cm in diameter) was placed in the center

of each can extending to a depth of about 1 cm from the bottom of the



can. Field moist soil equivalent to 1,500 g of oven-dry soil was
placed in each can. The nutrients were added to each soil according

to the method of placement and to the treatment combinations (table 2).

Seeding -  On November 11, 1966, six seeds of maize were sown in
each can. In cans where nutrients were banded in two bands of about
12 cm in length and 1.5 cm in depth, at 3.5 cm from the center, three
maize seeds were placed on the soil surface directly above the Banded
nutrients. In cases where the nutrienfs were mixed with the soil,
the seeds were placed in two rows, about 7 cm apart from each other.
When seeding was completed, 400 g of clean sand were added to each
can. The purpose of the upper sand layer was to cover the seeds and
to provide a slow and even loss of water from the surface of the cans
as suggested by Ozus and Hanway (1966) who have developed the "Three
layer technique"”. Following the addition of the top layer of sand,
enough distilled water was added to each can to bring the weight to
4.500 g. The amount of water added carresponded'to approximately
field capacity of the soils. In each subsequent irrigation, addition
of water to growing plants was made by weighing each can in order not
Lo exceed the total weight of 4,500 g. This was necessary for each
can was a closed system having no drainage. The plants during the
first two weeks were irrigated twice a week, but with the commencement
of fast growth the plants were irrigated about every other day. The
Cans were arranged in the greenhouse in blocks of twenty with the
treatment combinations being randomly assigned to each block.

A week after planting each can was thinned to one plant in each

row. At this time, addition was made through the hose section of half



Table 2. Treatment combinations (coded levels) applied
to each can as required by the statistical

design.
Number Variables
of can N P Zn
Coded 1levels
1 -1 -1 -1
2 +1 | al
3 ~1 +1 -1
4 +1 +1‘ -1
- L -1 +1
6 +1 ~1 g ol |
7 -1 +1 +1
8 +1 +1 +1
9 +1.68 0 0
~10 -1.68 0 0
11 0 +1.68 0
12 0 ~1.60 0
13 0 0 +1.68
14 0 0 -1.68
13 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0. 0 0




1l

of the nutrients to those cans requiring dissolved nutrients. The
cans in each block were rotated once a week to compensate for the

effects of microclimate differences of the greenhouse environment.
On December 2, 1966, the balance of the nutrients in solution were
added.

Plants were harvested on December 20, 1966. They were oven-
dried at TOOC, weighed |, ground through a 40-mesh sieve, and stored
for chemical analysis, Plants grown on the P and Zn bands were
harvested separately. The roots of plants grown under the Zmmeb method
of nutrient placement, were séparated from the soil, cleaned with tap
and distilled water, dried at TOOC, ground to pass a 40-mesh screen
and then stored for the determinatiﬁn of total P, Zn, Mn and Ca.
Finally, the soils of the ZxPx treatment were kept for the

determination of residual "available" P and Zn.
Analytical Procedure

Total P of tops and roots was determined by digesting 0.5 g of dry

matter in a nitric-perchloric acid system followed by color development
of P in ammonium vanadate in the presence of a phosphoric and nitric
acid system, as suggested by Jackson (pp. 153, 1958). The absorption
was measured by a Fisher spectrophotometer.

Total Zn, Mn, and Ca of roots and tops were determined from the

perchloric acid digests by means of a Perkin-Elmer 303 atomic

absorption spectrophotometer.

"Available" P of soil was extracted by 0.5 M NaHCO5, pH 8.5 (Olsen

et al., 1954) and the color was developed in ammonium molybdate-
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stannous chloride in excess HCl system (Jackson, p., 144, 1958).

"Available" Zn of soil was extracted three consecutive times from

3 g of soil by 0.05 M ethylenediaminetetraacetic acid (EDTA) at pH 9
as suggested by Viro (1955). The extracted Zn was determined by the
atomic absorption spectrophotometer,

Exchangeable and soluble Ca was determined by extracting with

ammonium acetate as suggested by Richards (p. 100, 1954).



IV. RESULTS AND DISCUSSION

Since much of the soil of the Middle East is calcareous in
nature and since very high experimental yields have established
"maize as a crop with high potential. in the area, further information
on the nutrition of maize on calcareous soils is desirable.

Two calcareous soils were studied. One originating from the
Agricultural and Educational Research Center of the American
University.of Beirut (AREC) located in the Beqa®a Plain. It was
chosen because maize grown on this soil has shown very definite
response to Zn application where P and B were applied along with high
plant population levelsl. This soil was medium in 03003 level
(table 3). The second soil (Bazouryeh) was chosen because of its
highly calcareous nature and availability of information on its P
relationships. The AREC soil has more exchangeable Ca but less
“ammonium-acetate-soluble Ca than the Bazouryeh soil where the total
CaCO; is about double that of the AREC soil (table 3). The "available"
Zn of both soils is about the same and the 3 ppm are considered as
probably sufficient to meet plant needs, (Ravikovitch et al., 1961).
However, the Bazouryeh soil was supplied with considerably lower

1"

levels of "available" P as compared to AREC soil. With these levels
of P in both soils, response to applied P was likely to occur.

(Olsen et al., 1954).

1
Fuehring, H.D. et al. 1967, to be published.

13
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Table 3. Some chemical properties of soils studied.

Soluble 3 0.5 M
Seil  CaCo, Cal Ca2  Exch.Ca EDTA NaHCO<
% Ph me/100g me/100g me/100g  Zn, ppm P, ppm
AREC 14 7.9 65.0 39.6 23.4 3.1 8.0
Bazouryeh 33 8.1 57.6 50.4 7.2 3.0 2.9

The results of varying N, P and Zﬁ levels on dry matter yield
of maize tops, as well as the P and Zn composition'df tops will be
discussed. Also the effect of the method of placement will be
considered. Finally, the nature of the P-Zn interaction will be

examined in the light of the experimental resulis.

General Interpretation of the Partial
Regression Equation

The predicted yields were calculated from a regression equation
(Cochran and Cox, p. 349, 1957). which was medified as follows to
include the three-way interaction:

Y = by + byxy + byxy + bgxg + by ;%12 + bosXe? + bagxa? +

P12X1Xp * Dy3% X3 + bogXoXy + by 5ax; Xox,

Where Y = yield of dry matter in grams
b0= me an
by, by, etc. = regression coefficients
X1+ X2, X3 = coded levels of N, P and Zn, respectively.

Amonium acetate soluble Ca plus exchangeable Ca.

8 Ammonium acetate soluble Ca.

3 Exchangeable by difference.

(i e il
AMERICAN Uiivibe ==
SRIENCE & ABRicuLiURR

LIRHARY
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The regression coefficients were calculated for the
determination of the first order, squared, two-way, and three-way
effects on yield of tops and on composition of P and Zn. The mean,
hO' represents the estimated yields or composition at X1 = @ Xg = 0,
and xq = O coded levels. A positive first order regression
coefficient indicated that as the level of X]: OT X9 OT Xgq increased,
there was a corresponding increase in the yield of dry matter, or
composition of either of the elements studied. A negative first
order coefficient, indicated the reverse. A positive squared effect,
indicated an upward change of the slope of the response curve in the
direction of increasing application rate of the element concerned,
while a negative squared sign indicated the reverse. Finally, a
positive two-way interaction indicated that the levels of the
elements involved must be low or both high, depending on the effect
of the first order terms and other interactions, to attain high yield.
ﬁ negative two-way effect indicated that the supply of one of the
elements concerned must be high in the soil, and low for the other
element, if high yields are to be realized.

In order to facilitate the assessment of the overall effects of
N, P and Zn on yield and composition; yields, Zn and P data were
combined, respectively, for the eight methods of nutrient placement

and for each soil (table 4).

Effect of N on Yield and on P and
Zn Composition

Both soils responded positively to N application for yield of
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Regression coefficients for the yield, Zn, and
P composition of tops of maize grown on two
calcareous soils. Results of 8 placement
treatments were combined.

Table 4.

AREC Bazouryeh
Terms
Dry matter Zn conc. P. conc, Dry matter Zn conc, P conc,
yield of tops of tops yield of tops of tops
g/pot ppm Percent g/pot ppm Percent
b, 4.092 41.909  0.2502 92.044 63.090 0.2354
N +0.808X§ $5.258 +0.0120%° +0,089°  + 8.757. +0.0162°%
p +6.165° =1,19 +0.0089,  +0.135. - 0,898°  +0.0238*
Zn -0.002 49,70 +0,0036° =0.048°  +15.690°% +0.0061%
g 0,034  40.525  +0.0024  +0.036 + 0,728 +0.0023
Nz -0.201, +3.141, +0.0293 =0,094°  + 6,854% .0.0079"
B, -0.072, +0.543_  +0.0134 -0,013 + 0,155 +0.0008
Zn -0.059  +3.725 40,0010  +0.021 + 6.447°° .0.0133
s, $0.033  +0.509  +0.0024  +0.035 + 0,707  40.0022
NP +0.064, +0.188, =0.01005  ~0.010 +2,063°  +0.0025
" NZn ~0.064"  +1.138_  40.0050° =0,018,  + 2,912%  -0.0025,
PZn -0.039  +1.438, =0.0025  +0.055 + 5.2132°  =0.0050
NPZn  +0.029  +1.538° -0.0000  +0.025 + 5.588  0.0000
s, $0.045  40.686  +0.0032  +0.047 + 0.951  +0.0029
R 0.986 0.983 0.931 0.849 0.886 0.929

° Probably real because greater than standard error (sy,)-

* Significant at 5% level.

XX

Significant at 1% level.

1

Multiple correlation coefficient.
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dry matter, but the effect was considerably greatef for the AREC soil
(table 4). The negative squared term for N for both soils indicated
that the effect became less positive as the application rate
increased. Application of N had a highly significant positive first
order effect on both Zn and P concentration of tops for both soils,
indicating an important role for N in the accumulation of Zn and P.
Similar results were reported by Fuehring (1965), Soltanpour (1963),
Stukenholtz et al, (1966), and Thompson (1962) as well as other
workers. The squared term for N application on Zn concentration was
highly significantly positive,‘indicating that N was increasingly
effective in this respect as the level increased. The effect of N
application on Zn concentration was more than half as great as the
effect of Zn itself, and the same relationship was true for P
concentration (table 4).

Viets et al. (1957) reported that N application generally
increased the Zn uptake of either indigenous or applied Zn, They
attributed this effect of N to- pH changes brought about by the N
carrier used. The N~Zn interaction effect on Zn concentration was
positive for both soils indicating that the positive N effect on Zn
application was greater at high Zn application levels than at low.
Furthermore, the N-P-Zn three-way interaction effect on Zn concentration
of tops of both soils, was positive, indicating that the N effect at
high Zn levels was intensified if P was also at high levels. However,
at low Zn levels the N interactions resulted in a general decrease in
Zn concentration of tops which tended to cancel out the positive

first order effect of N.
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Effect of P on Yield and on P and
Zn Composition

The first order effect of P application on dry matter yield
was positive for both soils (table 4). The concentration of Zn of
tops tended to be depressed as shown by the probably real negative
regression coefficients for both soils. Moreover, the positive P-Zn
interaction indicated that the depressive effect of P was greater at
low levels of applied Zn. The depressive effect of P on Zn
concentratibn in plant. has been reported by Stukenholtz et al. (1966),
Langin et al. (1962), Ellis et al. (1964), and Watanabe et al. (1965).
Martin et al. (1965) found that P application reduced the Zn content
of tomato plant tissues . Similar results were reported by Burleson

t al. (1961) for Phaseolus vulgaris. The positive N-P-Zn three~way

interaction in the present study further intensified the effect of P
on Zn concentration of tops at high N levels. However, the general
enhancing effect of N on Zn concentration would tend to offset the P
effect on Zn. Thus, the relationship between P and Zn application
effects on maize growth depends on the relative level of each as well
as on the level of N in the system. Millikan (1963), supported the
view that the lower yields of maize obtained from high P low Zn
treatments was not due to the depressive P effectlon Zn concentration
but rather to a high P/Zn ratio.

Effect of Zn on Yield and on P and
Zn Composition

Application of Zn had very little effect on dry matter yields.
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However, the Zn concentration of tops was increased with applied 4Zn in
both soils highly significantly (table 4). Also, the first order
effect of Zn application on P concentration of tops was positive and
probably real.
The Effect of the Method of Placement on Yield
and on P and Zn Composition

The effect of the method of placement of P and Zn in maize
nutrition has been discussed by various investigators. Pumphrey et al.
(1963), Brown and Krantz (1966), and Stukenholtz et al. (1966) have
reported that the method of placement is important in connection with
maize production. Brown et al. (1962) emphasized that in view of the
immobility of applied Zn in the soil, the method of application is
very important. |

The effect of P placement method. While both soils responded to

application of P, the AREC soil gave the greatest yield response of
maize tops with the P1 and Pb methods of application (figure 1),
without, however, increasing the P concentration of tops. Mixing P
with the soil increased the P level in the tops with increasing P
application, but the yield remained constant. It appears that the
effect of applied P on dry matter yield was indirect rather than on the
plant P level itself. Neither does the effect af applied P in
decreasing Zn in tops seem to be involved, since increasing yield
and 4Zn concentration do not change in the same direction.

The Bazouryeh soil behaved differently in that applied P

strongly increased P concentration of maize tops in the P1 and Pb
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methods, but not with the Px. Where P was mixed thoroughly in the
soil, the highly calcareous Bazouryeh soil tended to inactivate P as
will be shown later. Application of P strongly depressed Zn
concentration with all methods of P placement. Again the differences
in yield do not seem to be related directly to either P or Zn
concentration in tops.

The effect of applied Zn (figure 2), was to increase Zn of
tops about the same for all methods of P placement for the AREC soil,
but the yields of tops increased with the Px method and tended to
decrease with the Pb and P1 methods. In the Bazourygh soil the effect
on increased Zn concentratiﬁn in maize tops with increasing épplied
| Zn was considerable with the Px method and greater with Pb and P1
methods. However, the relationship between Zn concentration and dry
matter yield of maize tops was negligible over a wide range of Zn
concentration in the plants. This indicated that the relatively low
yfeld on the Bazouryeh soil as compared to the yield of the AREC soil
was probably not directly due to toxicity from the higher Zn levels
in the plants.

The effect of Zn placement method. In both soils (figure 3) Zn mixed

with the soil (Zx) tended to be more effective in raising Zn
concentration in maize tops, than Zn applied in bands (Zb).
Application of Zn in solution (Z1) to the sand layer was more
effective in increasing Zn concentration than either the Zx or the Zb
methods. Despite a wide range of Zn levels in the plants, the effect
on yield of dry matter was slight. The effect of applied Zn on P

concentration of tops was negligible in the AREC soil and in the
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Bazouryeh soil ranged from an increasing effect with the Zx method
to a decreasing effect with the Zb method. In both soils increasing
P application resulted in somewhat greater reduction in 4Zn
concentration with the Zx method of Zn placement as compared to the
Zb or Z1 methods (Figure 4).

Effect of combined or separate application of Zn and P. When the

three placement methods where Zn and P were applied together and the
five methods where Zn and P were applied separately were compared, it
was found that in both soils applied P had a depressive effect on Zn
concentration of maize tops (Figures 5 and 6). Applied Zn had very
little effect on P concentration. The yield of dry matter was
affected only slightly by the combined or separate application of the
two elements. However, the Zn concentration of tops was considerably
greater for the AREC soil when the two elements were applied separately
as combared to combined application (figure 3). In the Bazouryeh soil
the tendency was for somewhat lower Zn level when Zn and P were
applied separately at high levels of N (figure 6).

It was concluded that the method of P and Zn application is an
important factor in maize nutrition. Mixing Zn and P thoroughly in
the soil seemed to be effective in increasing the P and Zn levels of
maize tops from the AREC, but not in Bazouryeh éoil, where the Pb
method was more effective in increasing P levels in tops. This was
probably due to its highly calcareous nature. Furthermore, the
depressive effect of P on Zn of tops seems to be related to the
method of application, but it appears to be independent of whether or

not P and Zn were applied together or separately (figures 5 and 6).
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Stukenholtz et al. (1966) reported that the curbing effect of P on

Zn levels of maize is independent of the relative position of the

two elements in the soil, thus substantiating the above finding.
The Nature of the P~Zn Interaction

A number of studies have shown an effect of P application on
the Zn nutrition of maize., Ellis et al. (1964) and Stukenholtz et al
(1966) reported that the depressive effect of P on Zn concentration
of maize is related to the root system,

_ in the following pages, the P-Zn interaction will be discussed
in relation to plants and to soils for a more comprehensive
understanding of the interrelationship between these two elements.

The P~Zn interaction in maize plants, Analysis of the maize roots from

the ZmbPmb treatmeﬁt and comparison to the analysis nf the maize tops
from the same placement treatment,.afforded information on the
aécumulation and translocation of P, Zn, Mn and Ca (figures 7 and 8).
The levels were chosen to show the effect of increasing P at a low

Zn level, and the effect of increasing Zn at a low P level, The
highly calcareous Bazouryeh soil produced maize plants with much
greater Ca concentration in both roots and tops than in the plants
from the less calcareous AREC soil., The proportion of Ca translocated
from roots to the tops was about the same in both soils, The P
concentration in the roots of the plants from the Bazouryeh soil was
greater in general than that of those from the AREC soil, and the rate
of accumulation with increasing applied P was also considerably greater

(figure 7). However, the P level of the tops was considerably greater
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in those from the AREC soil indicating that the translocation of P
from roots to tops was much greater, The reason for the greater P
accumulation in the maize roots from the Bazouryeh soil is probably
related to the much higher accumulation of Ca. This impliés an
immobilization of P by Ca. A study of the levels of Zn and Mn in
maize tops and roots of both soils (figure 7) indicated considerably
greater translocation of both Zn and Mn in the Bazouryeh soil plants.,
This in turn is probably related to the previously postulated
inactivation of P by Ca. Assuming that active P in the roots
interferes with the translocation of Zn and Mn from roots to tops,
this inactivation would possibiy explain the greater Zn and Mn
concentrations in the tops of the Bazouryeh soil plants as cumpared
to-the AREC soil plants. |

The P-Zn interaction in soils. The generally "available" Zn level in

soil was higher in the Bazouryeh soil than in the AREC soil (mean
terms, table 5), and the first order term for Zn was considerably more
positive indicating less fixation of Zn than in the AREC soil. The
interaction effects in both soils were very similar with P-Zn being
positive and N-P-Zn negative in both soils (table 5). Thus a low N
level enhanced the decreasing effect of P on available Zn at low 4n
levels. However, the negative N-P and N-4n interactions were also
involved and tended to cancel out when P is at high levels and Zn at
low levels. The net effect depended on the magnitude of the various
regression coefficients involved. Thus, both applied N and P had
considerable influence on residual "available" Zn, but the effect

depended on the relative levels of Zn, N and P involved.
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Table 5. Regression coefficients for residual
"available" P and Zn of the two
soils studied.

B AREC Bazouryeh
erms

P, ppm Zn, ppm P, ppm Zn, ppm
Mean 28,53 17.02 15.78 20. 50
N 0,42 ~0,42° ~0.64§ -1 55
p +16, 73 +0.61% +7.4487F 0.00
Zn +1,52% +10,88%X -0.02 +15.93%
sp +0. 49 +0, 23 +0. 33 +0,11
N> -2, 79X +1,77%X =2, 34%X ~1,49%X
p2 +4,95%X +1,99%X +1.45%X ~0,85%X
Zn° ~1.62% +1,43%X +2.06%X 18, 145X
5 +0. 47 +0,22 +0,32 +0,10
NP -2 15 wl 6B -0,93" =D G K
NZn -0.58 el 63 4+0.20 -l G
PZn 2. 90 +0.,80% =2 35°F 1,19
NPZn 3 48X 29 687 +0,45° -0,91%%
=5 +0.64 40,30 +0.43 +0.14
R 0.982 0.932 0.960 0.876

Greater than standard error (sy) so probably real,

Significant at 5% level,

XX

Highly significant at 1% level,

Multiple correlation coefficient,
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The relatively large highly significantly positive P-Zn
interaction effect on "available" P of the AREC soil indicated a
decreasing effect for applied Zn when P was at low levels. The highly
Significantly negative N-P-Zn interaction indicated that high
application of N cancelled out the above effect.

The highly calcareous Bazouryeh soil had the opposite result
in that the P-Zn interaction was highly significantly negative in
effect on "available" P. The Bazouryeh soil had about half the
general avaiiable P level of the AREC soil, and the first order effect
of P was also about half that of the AREC soil, Therefore the P-Zn
interaction effect was occurring at a considerably different level of
"available" soil P.

The effect of applied N on the residual "available" Zn levels
in both soils depended on the interactions with P and Zn all of which
were highly significantly negative (table 5). Thus, the net N effect
at high levels of applied P and low levels of applied Zn was positive
for the AREC soil and negative for the Bazouryeh soil, depending on
the relative magnitude of the various regression coefficients., It
could be postulated that the greater amount of "active" Cg in the
Bazouryeh soil (table 3) resulted in greater inactivation of P. This
chain of events is supported by'the positive effect of applied P on
residual ™available” P which was much greater for the less calcareous
AREC soil indicating less fixation in the soil.,

However, the chain of events proposed above is probably more
complex than indicated, since applied Zn and P do not have a mutually

depressing effect in the AREC soil as expected if co-precipitation
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alone were involved. Therefore, the fixation of Zn in the soils
appears to generally be related to some other factor than the amount
of P present in the soil in available form,

The differences found in the Ca, P and Zn iq plants grown on
the two soils may help to explain the occurrence of the Zn
deficiencies found in many soils with PH levels in the general range
.of 6.4 to 7.6. Thorne et al. (1942) reported that Zn deficiency
symptoms of fruit trees in Utah were more likely to occur in non-
calcareous soils. Alben and Boggs (1936) reported that the Zn
Ccontent of basic United States soils examined was generally higher
than the Zn content of acid soils. Of 03 California Zn deficient
soils 68 percent had a pH range of 7.0 to 8.0 (Brown et al,, 1962).I
S0ils in the pH range of 6.4 to 7.6 would tend to have high levels
of "available" P as compafed to soils of lower or higher pH and also
would range from non-calcareous to only slightly calcareous.
Therefore, under these conditions applied P'would be more apt to
induce Zn deficiency in maize, probably by inactivating Zn in the

root system rather than in the soil.



V. SUMMARY AND CONCLUSIONS

A greenhouse experiment was conducted with maize grown on two
calcareous soils, using a three layer technique. The purpose was to
study the effect of varying N, P, and Zn and the method of placement
on yield and on P and Zn composition of maize tops. The nature of
the P-Zn interrelationship was also studied.

Application of N increased the P and Zn concentrations of tops
in both soils, and this effect.was almost as great as the direct
effect of P on P and about half as great as the direct effect of Zn
on Zn., This indicated the importance of N in Zn and P nutrition of
maize plants., The positive effect‘pf N on Zn concentration of tops
increased at high Zn levels_as shown by the positive N-Zn interaction
and was intensified at high P levels as shown by the positive three-way
N=P-Zn interaction. The response to aﬁplied N was greater in the AREC
soil as compared to the Bazouryeh soil where the yields of tops were
considerably lower,

Application of P tended to depress the Zn concentration of tops
from both soils and the positive P=Zn interaction indicated that the
effect was greater at low levels of Zn.

In relation to the effect of the method of placement, it was
found that in the AREC soil the P1 and Pb methods gave the greater
yield response to the application of P, but the P levels remained

about the same. When P was mixed with the soil the P levels in plant

33
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tissues were increased but the yield remained constant,

In Bazouryeh soil banded P (Pb) and P added to sand (P1) were
effective in increasing P concentration, while P mixed with the soil
was less effective probably due to P fixation in this highly
calcareous soil,

In both soils Zn mixed (Zx) was more effective in increasing
the 4n level in plants than the Zb method, but the Z1 method was more
effective than either of the above., Applied Zn had a small effect on
P levels of plants, ranging from an increasing effect with the Zx
method in the AREC soil to a decreasing effect with Zb method in the
Bazouryeh soil. Increased P applications resulted in somewhat greater
reduction in Zn concentration with the Zx method than with the Zb or
Zl methods.

It was found that the translocation of Zn and Mn from roots to
tops was greater in plants from the Bazouryeh soil as compared to the
AREC soil plants but P translocation was greater in the AREC soil., The
higher Ca and P concentration of the roots of the Bazouryeh soil plants
led to the postulation that Ca inactivates P in the roots thus reducing
the tenﬁency for P to inactivate Zn and Mn. Consequently, more Zn and
Mn are translocated to the tops. This finding is supported by the
overall depressive effect of P application on Zn in maize tops.
However, while the AREC soil tended to fix less P and more Zn than the
Bazouryeh soil, applied P and Zn did not have a mutually depressive
effect on available soil P and Zn as expected if co-precipitation was
involved. This indicated that the effect of P on Zn in maize was

associated to much greater extent with the root system than with the
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soil.

The availability of P tends to be greater at soil pH levels
approaching neutrality. Also, the literature shows that many
severely Zn deficient soils are near neutrality in reaction., It is
postulated from this and from the results of the study reported here
that plants grown in such soils are more likely to suffer from P-
induced Zn deficiency, while in more calcareous soils plants are less
susceptible to P-induced Zn deficiency because of P inactivation by
Ca in the roots,

Study of the mineralogical composition of the soil in relation
to P-~Zn interaction may result in further clarification of this point,
It is also suggested that further study of the P-Zn relationships
should involve determination of the form of P, Zn, Ca and Mn present
in various plant parts in 0rder to find out where and how the various

interactions involved are taking place.
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Table 6. Regression coefficients for yield of dry

matter of maize tops grown on the

Bazouryeh soil under different methods

of nutrient placement.

ZxPx  ZmbPmb ZbPb Z1P1 ZxP1 ZbP1 Z1Px  SIPb
Terms g/pot
Mean 2.196 " 1.778 1.574 3.048 2.418 2.067 1.676 1.635
N +0.099_ ~0.150" +0,107°%+0,347% -0.016 +0.117° +0.108% +0.104
P +0.178" +0.153% =0.042 +0.057 +0.311X 40.170° +0.198% +0 045¢ |
Zn +0.011 +0.099° ~0.056 =-0.013 =0.066 ~0.052 -0.085% ~0.012
S +0.114 +0.059 40.061 +0.098 +0.111 40.096 +0.061 +0.039
N“ -0.122° =0.111 =0.009 =0.294* ~0.130° ~0.076 40.039 -0.041¢
p2 -0.141° +0.118 +0.012 ~0.158% +0.017 +0.011 +0.002 +0.039¢
Zn?  +0.414%40.013 +0.137% -0.295% ~0.088 +0.002 +0.084% .0,103%
S 10.111 +$0.057 +0.059 +0.095 +0.108 +0.093 +0.059 +0.038
NP -0.060_ -0.100° -0.081° +0.123 +0.064 -0.077 +0.092% _0.032
N-Zn  +0.244° =0.023 -0.247% -0.165° ~0.108% +0.042 -0.005 +0.117°
P-Zn  +0.140 -0.021 +0.116° +0.031 +0.005 +0.210° -0.034 -0.011
N-P=Zn -0.109 -0.049 -0.055 +0.093 +0.117 +0.062 +0.057 -0.023
s $0.149 10.077 $0.081 +0.128 +0.145 +0.125 +0.080 +0.051
1 |

R 0.829 0.834 0.847 0.878 0.661 0.712 0.830 0.774

Probably real because greater than standard error (sp).

X

Significant at 5% level.

XX

Significant at 1% level.

Multiple correlation coefficient,
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Table 7. Regression coefficients for yield of dry

matter of maize tops grown on the AREC

soil under different methods of nutrient

placement,

ZxPx 7mbPmb ZbPb  ZIP1  ZxPl ZbP1  Z1Px  #I1Pb

Terms g/pot
Moan - 468 4198 3.829 3,568 A.13l 4,978 4,261 4,071
N +1.169%5%X 40.9145%40,753% +0.591X +0,767%% +0.869% +0,984% +0,545%%
P +0,228%% +0;,207~§"+04139e 40,038 +40,267*X ~0.019  +0,191¢ +0.263**
Zn +0.213* +0.093% 40,085 =0,093 «0,036 -0,078 +0.039 -0,238"
4 +0.071 40,088 +0,120 40,105 40,058 40,116 +0.136 +0.089
N2 40.247% =0.249% =0.260° =0.203% ~0,308° -0,223° 40.016 -0,008
p2 ~0.182% 0,061 +0,046 +0.031 «0,071° «~0.239° 40,058 0,189
702 =0.145¢ +0.033 +0.020 =0.042 -0,005 +0.062 =-0,274° -0,171°
% +0.069 40,086 +0.116 +0.102 $0.056 £0.112 +0.132 +0.087
NP +0.058 -0.021 40.134 +0.141° +0.126° +0,269° +0,184° -0.375"
NeZn «0.059 +40.023 «0.062 =»0.073 =0.311° +0.166° +0.140 «0.345"
PeZn $0.180° «0.051 +0.609 10,041 »0.012 «0,.318° 40,111 -0.251°
NeP=Za 40.065 +0.005 +0.077 +0.104 -0,083° <0.241°% +0,513° =0,197°
s +0.093 +0.115 40,157 +0.137 +0.075 40,151 0,178 +0.118
Rl 0957 0.966 0918 06.961 0.924 0.947 06,941 0.912

Probably real because greater than standard error (sh).

X Significant at 5% level,

= Significant at 1% level,

Multiple correlation coefficient,
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Table 16. Yield of dry matter of maize tops grown
on the Bazeuryeh soil under different
methods of nutrient placement.

N P Zn ZxPx  ZmbPmb ZbPb ZI1P1 ZxP 1 ZbP1 Z1Px Z1Pb
Levels g/pot
2 2 2 208 L78 1.5k 1,70 170 S.06. - Tas 1,51
42 \2 1.89 1.95 2.62 2.87 2.14 2.38 1,85 1.63
e 4 2 2.18 2,086 1,49 1.5 2.00 - 1,99 2.04 1.39

4. 2 2238 l.6d  2.06- 279 999 4 74 2.34 1.68
2-2 4 1.45 1.66 1.59 2.8 2.35 .59 1.65 1,01
4- -2 4 2.73 L.od 1,44 92 9] 1.87 1.82 1,57 1.69
e 4 4 2.59 2.07 1.77 1,64 2,19 913 1.64 123
4 4 4 £ 3.19 1,36 1.531 2.63 2.43 2. 98 2.18 1.69
2 & o e Y l.48 1.59 274 261 2. 19 1.85 1.38
I3 3 2.05 tafae 143 2.5  2.38 1.59 1.3l 1.33
8 a -3 1.97 2.6 1,82 3.09 3.65 2.7i 1.96 1,86
1 3 |t 1.6F 1.39 2.45 1.58 ¢, 49 1.19 1= T
@ 3 5 2. 99 1,607 2.69 242 1.82 ‘%1 o7 1,73 1,37
R T | 3.88 ey Iat3 2,80  92.81 919 1.89 Ll
3 3 3 2.82 1.6 1.30 3,20 1.85 3.59 1,69 1.48
= 3 3 2.38 .09 1,48 3 48 2.38 1. 99 200 1.71
2 B3 LB 1 A8 S8 sgs sis o se0 o
2 3 3 2.41 1.99 1.66 283 9.99 o g 1.52 1.48
3 3 3 1.76 1,59 1.52 996 9257 9 o7 1.47 1.81
3 & 3 1. 76 t.ot  1.39  2.47 2 41 1 45 1.46 1.7l




Table 19. Yield of dry matter of maize tops grown
on the AREC soil under different
methods of nutrient placement,

N P Zn ZxPx ZmbPmb ZbPb Z1P1 ZxP1 ZbP 1 Z1Px Z1Phb
Levels g/pot

22 2 2.14 A-8f 2,08 2.92 92.39 23 a9 2. 11 - 2.98
2 PR dhr A4t o dlg oach S0h a0y a
2 4 2 2.52 3.13 2.86 2.89 2,47 3.04 3.61 e 29
4 4 2 3. 44 3,02 4.76 4.25 5.27 5.61 4.58 4.97
2 2 4 2.50 2.68 3.7 2.99 2.59 3.07 3.35 2.66
4 7 14 4.95- 403 A.18 3.56 3.65. 592 4.015  4.46
2 4 4 S aa 2,02 3.0T 2.72 3.3 2.42 2.65 3.46
4 4 4 6.29 9,08 5.03 4.20 4.26 4.68 6.23 2.97
5 -3 3 5.07 4.79 4.05 3,90 4,65 4.89 6.06 4.73
13 3 2. 27 =0 L1858 1,81 261 2.98 2.63 3.66
2 o 3 3.90 4.30 3.90 3.52 4.74 3.42 4.69 4,937
g1 3 5. 19 3.99 3.76 3.82 3.87—8.66 4,25 2.80
@ 3 5 4,25 4.94 3.83. 8,17 4.58 . 4.95 3.94 3.27
4 8 1 366 389 2468 Ede 439 44 3B 45
3 3 o 4,50 4.22 3.92 3,64 3.82 4.68 4.55 3.84
s 3 3 4,16 3.92 3,71 B3.99 4.09 - 3.85 313 4.49
o3 3 4.95 4.88. 4.14° 8,18 4.98 4.7 4.96 3.89
2 3 3 4.43 4.82 4.837 4.28 3.96 3.57 3.66 3.69
S 8 3 4,65 4.61 2.6  3.20 4.41 3.97 2.00 4,01
8 3 3 4.41 3.96 4.01 3.20 4.10 4.84 3.63 4.44




Table 20, Total P concentration of maize tops
grown on the Bazouryeh soil under
different methods of nutrient placement,

N P Zn ZxPx ZabPmb ZhPh' ZIP1 ZxPl ZbP1  ZiPx  ZiPh

Levels Percent

2 252 0.120 0,129 0,164 0.156 0.202 0.257 0.134 0,151
4 2 2 0.175 0.118 10g188 0.153 0.261 0,315 0.175 0.163
Bl ) 0.181 0.143 0,235 0.174 0.251 0.297 0.294 0.149
4 -4 2 0.141 0.200 0,238 0.401 0,212 0.398 0,212 0.173
2 2 4 0.159 0,170 0.161 0,339 0.150 0.217 0.226 0.161
4 .2 4 0,143 0,115 0.211 0,268 0.249 0,327 0.226 0,202
2 4 4 0.156 0.156 0.296 0.235 0.222 0.304 0.238 0.129
4 4 4 0.219 0.100 0.165 0.510 0,265 0,393 0.225 0.174
a 3 3 0.098 0.184 0.186 0.352 0.280 0.535 0:23]l. 0.204
I 3 -3 0,097 0.151 ©0.146 0.214 0.213 0.380 0,201 0.142
S & 3 0.175 0.179 0.235 0.665 0.290 0.419 0,229 0.210
- 1 & 0.116 0.095 0.252 0,217 0,169 0.302 0.165 0,192
2 3 5 0.154 0.177 0.241 0,201 0.176 0.336 D, 179 0,147
s -1 0,117 0,157 0.252 0.258 0.243 0,309 0.218 0.135
8 3 3 0.146 0.137 0.217 0.334 0.285 0,339 0,259 0,147
a 3 -3 0,113 0.166 0.247 0.321 0.271 0.362 0,263 0,164
a 3 3 0.139 0.223 0.238 0.330 0.319 0.385 0.249 0.170
2 -3 3 0,189 0,175 8.211 0.278 0.233 0.318 0.248 0,140
S - 3 2 0.129 0.175 0.200 0.299 0.285 0.336 0.223 0.15C
e 3 3 0.119 0.151 0.244 0.259 0.256 0,394 0.227 0.172

Plants harvested from P band.



Table 21, Total P concentration of maize tops-

grown on the AREC soil under different
methods of nutrient placement.

27

Z1Pb

N P Zn  ZxPx ZnmbPmb ZbPbl ZIP1 2ZxP1  ZbP1  21Px

Levels Percent

2 8 9 0.313  0.257 0.283 0.259 0.244 0.186 0.321 0.25
4 2\2 0.315 0.254 0.334 0.324 0.319 0.316 0.274 0.2
2 4 2 O.416  0.239 0.269 0.288 0.310 0.289 0.324 0.219
& 50 0.333  0.297 0.314 0.337 0.279 0.286 0.322 0.167
2 8 A 0.256  0.252 0.301 0.258 0.286 0.221 0.374 0.193
429 4 0.333  0.278 0.336 0.315 0.395 0.311 0.502 0.212
2 a o« 0.278  0.302 0.370 0.326 0.308 0.261 0.351 0.165
£ d =y 0.257  0.300 0.353 0.413 0.318 0.262 0.373 0.208
B2 3 0.382  0.301 0.449 0.385 0.332 0.329 0.449 0.9249
Jre 5 3 0.335 0.254 0.326 0.325 0.269 0.272 0.449 0.155
3 ~5 3 0.385 0.326 0.316 0.312 0.309 0.275 0.448 0.185
&1 3 0.271  0.256 0.216 0.259 0,255 0.253 0.448 0.096
&3 5 0.276  0.214 0.251 0.359 0.254 0.246 0.373 0.095
3 3 1 0.288  0.210 0.304 0.248 0.254 0.206 0.377 0.159
3 5y 0.208  0.209 0.207 0.258 0.256 0.229 0.471 0.147
=B = 0.218 0.226 0.227 0.227 0.955 0.231 0.422 0.150
5 3 38 0.218 0.219 0.246 0.233 0.224 0.277 0.377 0.146
3 &5 0.220 0.212 0.199 0.227 0.256 0.284 0.372 0.146
- & 0.221  0.213 0.275 0.261 0.255 0.202 0.402 0.193
38 0.221  0.210 0.308 0.257 0.278 0.216 0.437 0.148

Plants harvested from P band.
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Table 22. Total Zn concentration of forty days old
maize tops grown on the Bazouryeh soil under

different methods of nutrient placement,

N P Zn ZxPx  ZmbPmb ZbPbl ZIPb ZxP1 ZbP1  ZIPx  ZiPb
Levels ppm

5 2. % 64,9 38,7 250 388 444 TEEe 999 70.G
4 2 2 1919 .9 603 T AT MY 4d 454
8- 4 3 58.4 59.3 41,9 387 56,9 6.6 B33  Ba.6
4 a5 86.9 46,2 50.0 62.8 31,0 55.8 49.0 37.7
2 2 14 93.8 73.0 545 742 01 38 A9 TiaT
4 2 4 102.9 6.6 61.5 103,1 61.9 85,4 74.7 109.4
TR G 6.9 467 8.6 536 47,1 91,8 1225 1862
4 4 4 94,1 76,1 45,7 166,06 B©1.3 86.9  80.4 278.3
B4 8 g cEaednEia . 50 29 iiks e
=3 2 98.4 48.2 208.7 755 29,8 57.0 63,9 1685
3 5 3 56.4 60,7 19.3 87.7 22,1 443 398 0959
=3 86.7 89.9 47.8 122.0 547 P47.7 1039 199 3
3 3 5 101,06 119.6 558 1748 44,0 637 . 19%.3 do2. 4
s = 1 56.8 58,7 SP.83 B9 & 298 4T  47.5 240
S 3 = 69.9 49.2 496 82,5 3r,1 566 5.6 990
§- % 2 8.7 . 52,1 487 4620 286 66,0 w4 957
g 3 o &f.6 A1.5 B9.1 729 428 529 8.8 88.6
3 3 3 7 .8 389 498 86,7 282 644 T9.9 990
2 g = 3.8 4.5 46,2 T9.5 42.3 5460 788 @ 936
& 3 8 M4 - B4 8 409 679 446 5T Rl 169

Plants harvested from P band.
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37.1

Table 23. Total Zn concentration of maize tops
grown on the AREC soil under different
methods of nutrient placement,

N P Zn  ZPx  ZmbPmb ZePb! ZIP1 Pl zpy ZIPx  ZIPb
Levels Ppm

2. 9 4 43.1 33.6 37.1 31.6 3.1 2.8 78.9 25.8
N 38:5 -~ 41.1 43.9 47.1 56.0 32.2 68.6  43.9
g4 2.6 26.4 44.2 33.8 41.3 12.1 53.5 - 49.9
442 <hedi - B3 480 416 4l 199 46.3 70.9
2 82 4 76.8  32.8 39.9 98,9 50.5 97 94.5 - 12.3
L. B4 A MBS WY ds lna 76.6 69.5
2 4 4 6150 284 46,6 63.5 3.6 48.1 88.6  45.7
4 - vy 88:2. 9.0 59,0 51.6 961 T3 165.2 77.3
3 3 3 59.1 48,9 25.0 39.8 57.7 87.7 190.8 81.5
* AR &R W 23 B4 58 Bi7 s 52.1
3 25 3 27«6 20,6 46,06 449 25 dlg 68.4 58,1
881 3 7.7 23.6 44.6¢ 359.¢ 30.& 29.2 64.6 76.6
g B 3 426 - 48,2 1300 1304 41,8 40 1 41,5 103 5
= THE e 31.9 30.2 42,6 19,8 25.4 471 67.2 21,9
s = = 32.3 2B.1 21.8 37.2 50.0 259 709.0 64,4
S 38 3 34.5 28,4 20.1 51.3 353 42.7 80,7 42.0
3= 3 S 2.6 I 253 T2 B 26.6 B3.0 41,9
3 I 2 29.7 26,4  26.3 49.5 30.7 43.5 64.3 619
3 1 = 4.5 26,7 230 438 348 g1 94,9 74 2
.53 959 26.4 259 B53.4 993 93.9 - 48.6

1

Plants harvested from P band,
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Table 24. Total Mn concentration of maize tops grown
on the Bazouryeh soil under different
methods of nutrient placement,

N P Zn  ZxPx  ZubPmb ZbPh! ZIP1 ZxP1 ZWP1  ZIPx  ZiPb
Levels. ppm

g 2 52.5 54.4 a7.9 48,9 B5.6 87.6 61.2 ar.9
4 2 0k 88.2 69.3 46.4 72.2 108.2 70.0 69.7
2 A4 63.7 49.4 100.0 51.8 65.7 93.3 63.2 44.3
4 4 87.4 90.9 06.0 J7.1 68.7 98.7 (3.9 60,0
2 2 00.8 - 67.3 75.8 64.0 46.0 44.3 38.9 51,7
4 2 D1 .7 -98.6 12.8 60.7 51.9 76.9 89,1 84.0
= é 53.4 64.8 74.5 46.7 §8.8 6i.3 74.1 al .4
4 4 81.3 63.7 §6.9 .0 Tl.2 - 74.5 84.3 65.3
g B 73.0 82.1 92.0 95.9 63.86 70.6 7.1 Ti.5
¥ 3 62.0 20.3 65.2 5§59.6 47.9 G6.5 62.4 60.3
2 5 66.9 75.8 %84 7.0 WB.9) pp A BT @ .E
- T | 66.6 89,9 85.6 56.1 64.9 80,1 81.4 75.4
3 3 82.1 88.1 93.9 4716 45.7 68.6 62.0 62.0
3 3 57.8 649 67.5 63.2 929 86.7 8.8 76,1
s 3 4.4 56.1 6.9 38.6 91.6 73.1 72,7 66.3
3 3 a9.1 86.9 33.9 28.0 81,9 '74.2 63.8 79.9
53 87.9 68. 1 6.2 T3 A4 Ji.8 61,9 69.5 0.7
3 3 62.6 73.4 65.86 58.1 73.2 69.2 84.9 9.9
= S 53.4 91.4 6.2 3J7.2 8i.2 75.8 63.8 88.5
- SR 64.9 76.6 66.0 44.4 80.4 64.6 60.5 69.5

Plants harvested from P band.
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Table 25. Total Mn concentration of maize tops grown
on the AREC soil under different methods
of nutrient placement.

N P Zn ZxPx  ZmbPmb  ZbPb  ZIP1 ZxPl1  ZbP1l Z1Px Z1Pb
Levels ppm

f LK B3y B3 I B4 i Wi mE oo
¢ 2 2 B88.0 8,5 9.8 1098 3.0 989 5.3 si.s
2 4 2 20,7 43.9 9.0 B51.0 66,4 67.2 63.8 40.6
i £ 8 @8 i e oms s B i B
a4 63.4 42.4 0.5 47.4 66.8 65.8 44.1 3.7
4 2 4 95.0 7.1 80.7 103.4 97.8 68.2 83.3 86.2
2 44 a2.7 23.6 60.3 67.9 454 72.9 93,4 28.0
4:=- 4 4 78.8 64.9 92.4 102.9 93.2 86.7 67,9 66.9
@ 3 3 3.7 83.1 89.4 98.38 121.2 83.7 79.6 79.0
E e 43.2 7.6 69.7 3B.5 62.6 669 44,7 46.1
5 & 3 4.1 2l 97.9 727 65.04 65.8 20.2 635.7
a1 3 45.5 60.0 66.0 120.2 83.9 98.7 729 62.9
3 3 5 48. 5 47.6 160.8 73.5 727 69.%7 63.3 49,2
8 —ad 61.5 49 .9 2.4 68.0 78.8 80.3 84.6 23.9
s 3 3 33.7 31.0 62.3 T7l.5 87.6 60.9 32.7 47,3
s 3 3 42.4 7.1 89.7 484 78,0 59.3 90.9 66.8
=S 38.4 41.7 676 72.7 63,9 75.9 4.6 28.9
3 3 8 41,2 33,9 9.9 B4.2 69.86 71.1 28.6 42.7
3 3 3 32.6 49.0 90.8 T72.6 666 62.7 24.6 42.9
8 3 3 2.6 1.5 6T.0 65.8 74.5 83.0 47 .7 20.7
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Table 26. EDTA extractable Zn and 0.5 M NaHCOq
extractable P of soils treated with
ZxPx method of nutrient placement.
AREC Bazouryeh
N F Z&n P Zn P Zn
Levels ppm

B 17.0 q2 7.8 9.6
-2 -2 11,2 9.8 8.4 13.1
2 4 2 39.0 9.0 28,7 16,9
4 —4 2 38.95 12.8 23.8 12.4
e o A 11,5 32.2 10.2 31.9
4 2 4 17,3 39.2 9.8 33.0
2 4 4 39.0 48.9 19.8 47.6
g -4 4 42.0 31.5 17.9 33.4
s & 3 23.9 22.1 16.3 16.4
1 & S 16.7 17.3 11.3 20.6
= T3.7 18.8 35.8 20.3
5 L 38 10.3 21.9 7.30 20,9
8- o = 22.3 30.0 26,6 82.95
e 24.4 {9 20.0 9.0
- R 319 18.7 16.8 20,1
9 3 29 .3 16.5 14.5 19,9
3 3 A 27.0 17.3 16.5 20,2
S s 2748 16,9 17.0 20.6
S 27.0 16.6 15.0 21.0
¢ 3 o 29.3f 17,3 14.3 20.4
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Total Mn, Zn, Ca and P concentrations
of roots grown under ZmbPmb method
of nutrient placement.

Table 27.

AREC Bazouryeh
P Zn Mn Zn P Ca Mn Zn P Ca
Levels ppim Percent ppm Percent
2 .2+ 7 472 48 Q.158 - 2.87 157 127 0,142 9,39
i 2 2 455 115  @.219  3.48 168 132 @.,142  5.39
2 4 9 321 94 6188 296 133 - Il6- - 0.13 577
4= 5340 165 0.380 2.45 143 g4 0,440 7.14
2 2 4 369 129 0.137 5.19 194 132 0.135 9.79
4 24 644 - 366  0.294 375 154 236  0.956 5.63
2 4 4 739 331 9,207 4.20 189 192 0.276 B &9
4 4 4 401 142 ©.196 2.68 142~ 224 @,196 6.35
& 4 3 675. Q84 0,298 770 273 316 0.669 I1.68
50 401 16T  0.247 1.62 160 151 0.136 “7.15
5 3 354 163 0,189 3.79 151 132  0.188  6.60
-3 476- 122 - @171 2.8 97 146 6,183 9. 51
3 5 350 282 0.184 2.60 167 158 0,142 8.76
3 =i 492 238 ©.250 3.1 140 157 0,375 4.04
3 4 310 1860 - 0.1853 297 a4 167 0,186  7.04
3 3 264 109 @.1% 3.97 160 172 0,216 9.35
3 3 479 126 8.186 398 9210 186 - 0.lé7 9 a5
2 =y 113  0.1730- 4.795 179 138 - 0.139 & 15
3 8 ady 139 - 9 187 318 164 147 0,149  7.70
3 3 9L 130" 0.210 4.8 178 6T 876  7.ap




Table 28. Total N concentration of maize tops

grown on the AREC soil under ZbP1
and ZbPb methods of nutrient

placement.

64

N p Zn ZbPpb! ZbP1
Levels Percent

2 2 2 2.55 1.65
4 2 2 2.95 3.35
2 4 2 2.97 1.66
4 4 2 3. 00 2.95
2 2 4 2.47 1.36
4 2 4 2.53 3.60
2 4 4 2.40 1.46
4 4 4 2.80 3.37
5 3 3 2.65 3.92
1 3 3 1.95 1.60
3 5 3 3.07 1.96
3 1 3 3.20 1.99
3 3 3 3.25 1.85
3 3 1 2.89 1.75
3 3 3 2.78 2.19
3 3 3 2.75 1.56
3 3 3 2.70 1 o
3 3 3 2.90 1.90
3 3 3 2.40 1.50
3 3 3 2.78 1.50

1 Plants harvested from P band.



