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Abstract: A split plot design consists of 12 treatments with three replicates was performed in pot

experiment at the Agric. Experimental Station of Mansoura Univ, Egypt. during summer of 2006 season

to study corn seedlings response to addition of different P fertilizer sources on growth and absorbed N,P

and K nutrients by corn seedlings grown on three different calcareous soils. The main plot was arranged

3for the three soils were collected from the surface layer (0-30 cm) of EL-Noubaria district (11%CaCO ),-

3 3EL-Hammame (23%CaCO ) and Burg EL-Arab (45%CaCO ), respectively. While, the sub plot was- -

occupied with 4 phosphorus fertilizer sources [control (without P), 24 mg P applied as phosphoric acid

3 4 2 4 2 2H PO  (37% P), triple super phosphate [Ca (H PO ) .H O.] (20.96%P) and ordinary super phosphate [Ca

2 4 2 2(H PO ) .H O] (6.98% P)]. Results pointed out that application of ordinary super phosphate (6.98% P)

to corn seedlings grown on three soils gave better results. Utilization rate (UR%) of applied phosphorus

3tends to decrease markedly with increasing CaCO concentrations(%). Application of super phosphate-

(6.98% P) to corn seedlings grown on El-Noubaria soil was more effective in increasing the UR % than

El-Hammame and Burg El-Arab soils. Statistical analysis reveal that there is highly significant correlation

3(P = 0.01) and negative trend between CaCO (%) and all studied attributes. Moreover, the simple-

3regression equation for P absorbed (mgpot ) by corn seedlings (Y) where x = CaC0 (%) was computed-1 -

3from the linear equation as follow; P = 2.80 - 0.0490 CaCO % (r  = 68.5%).- 2
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INTRODUCTION

Highly calcareous types of soil predominant among

the most promising lands for agricultural expansion are

the soils of north western coastal region. This type of

soils is known to be low in its natural fertility and also

low in organic matter. In fact, in numerous experiments

conducted in USA, in which various fertilizers were

compared as sources of P for crops, the superiority of

ordinary super phosphate to some of the other sources

has frequently been associated with its sulfur content

.[1]

The impotence of adequate tissue P concentration

for early growth of crops, including corn, is well

known . Deficiencies in early P nutrition in corn[2,3, 4,5]

cannot be corrected by later applications of P and seem

to affect harvest index more than whole crop yield at

the end of the season .[6,7,8,9]

In general, experimental results have shown that,

to be effective on calcareous soils, applied phosphorus

fertilizer should be at least 60 percent water soluble

. This would restrict application to mono phosphates[10]

(ordinary or concentrated super phosphates) or

polyphosphates which revert to mono phosphates in the

soil. Soluble phosphates are more effective when

applied as granular rather than as finely divided

material. The soluble mono phosphate in the soil

mostly precipitates rather quickly as the di calcium

phosphate. This precipitated phosphate has sufficient

surface area to maintain a reasonably high level of

soluble phosphate in the soil solution. This is in

contrast to applied di calcium phosphate which is

relatively ineffective. While recovery of applied

phosphorus is usually less than 20 percent during a

single growing season, there is considerable residual

effect and over a period of several years most of the

applied phosphate can be recovered indicating a need

for continuous monitoring of soil test levels . This[11]

also opens the possibility of applying heavy

applications to last a number of years.

EL-Hamdi and Woodard  found that the soil-[12]

fertilizer contact was reduced by concentrating the P

fertilizer in a smaller volume of soil, the volume of

soil in which root-fertilizer contact may occur was also
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reduced. However, the soil volumes occupied by the

fertilizer can be manipulated by the selection of

placement methods, it would be necessary to determine

how P availability to growing plants is affected by

them.

This investigation has been under taken to study

corn seedlings response to addition of different P

fertilizer sources on growth and absorbed N, P and K

nutrients by corn seedlings grown on soils contained

different calcium carbonate concentrations.

MATERIALS AND METHODS

A pot experiment using corn (Zea mays L.) as a

test plant was carried out during the summer of 2006

season at the Agric. Experimental Station of Mansoura

Univ. to study corn seedlings response to addition of

different P fertilizer sources on growth and absorbed

N,P and K nutrients by corn seedlings grown on three

different calcareous soils.

The soils used in this experiment were collected

from the surface layer (0-30 cm) of EL-Noubaria

district (1), EL-Hammame (2) and Burg EL-Arab (3).

Some physical and chemical properties of the

investigated soils in Table 1 .[13]

Experimental Design: A split plot design consists of

24 treatments with three replicates was performed. The

main plots were arranged for the three types of soils

3according to their CaCO  concentrations (11%, 23%-

and 45%), respectively. While, the sub plots were

occupied with 4 phosphorus fertilizer treatments

]control (without P), 24 mg P applied as phosphoric

3 4acid H PO  (37% P), triple super phosphate ]Ca

2 4 2 2(H PO ) .H O.[ (20.96%P) and ordinary super

2 4 2 2phosphate ]Ca (H PO ) .H O[ (6.98% P)[, respectively.

One kg of soil was placed in polyethylene pots having

the dimensions of 30 cm in height and 20 cm in

diameter was placed in pots first and then the

determined amount of each fertilizer were linear banded

to each pot and covered with the soil to give the total

of 1 kg weight for each pot. Corn seeds were placed

2.5 cm below the soil surface and covered with soil.

Water was applied to the pots daily to maintain the

soil water potential near 30 kg pa. Plants from each

experimental plot were harvested at 21 days after

planting. At harvest, plant (shoot and root) fresh and

dry weight was measured. Stems were cut off at the

surface of the soil and roots were carefully taken from

the pots after heavily flooding the soil with water in

order to get all the root system as completely as

possible.

Dried plant samples collected at harvest were digested and analyzed to determine nitrogen, potassium and

phosphorus concentrations and then their uptake was calculated .[14]

The utilization rate (U.R.%) of applied P fertilizer by corn seedlings (%) which was calculated by Finck [15]

from the following formula; 

       P absorbed by corn seedlings at specific treatment - Absorbed P at control

 U. R. % =    )))))))))))))))))))))))))))))))))))))))))))))))))))))))  x 100

Applied P fertilizer (mg pot )-1

The statistical analysis was done according to the
methods described by Gomez and Gomez  using[16]

L.S.D. to compare the treatment values.  

RESULT AND DISCUSSION

31. Effect of CaCO % and P fertilizer Sources:--

1.2. Growth Attributes:- As shown in Table 3,
statistical analysis shows that the mean values of fresh
and dry weights of corn seedlings (shoot and root)

3 were significantly influenced by CaCO concentrations
(%) and P fertilizer sources.

Table 3 reveals that fresh and dry shoot and root
weights of corn seedlings were decreased with

3increased CaCO  concentrations (%). The highest-

means of these attributes were (2786.6, 300.5, 1118.1
and 108.6 g pot ) occurred with El-Noubaria soil.-1

Meanwhile, the lowest means of the same attributes
were over (992.1, 120.0, 488.7and 59.7 g pot-1) found
in El-Hammame soil, respectively. The reduction of

fresh weight of corn seedlings due to increasing CaCO -

3 level in the studied soils could be attributed to; a)
Absolute quantities of major nutrients may be low at

3higher CaCO  content in soils, especially NPK; b)-

cation exchange capacity is low, because of general
absence of layer silicates and c) soil organic matter is
the main reservoir of CEC and coarse soil textures and
shallow development may contribute periodic water
stress due to poor .[17]

3Concerning the effect of CaCO  concentrations on-

the root/shoot ratio, results of Fig 1 show that the
obtained ratios were 0.401, 0.531 and 0.493 for the 1st

3 3soil (11% CaCO ), the 2  soil (23% CaCO ) and the- nd -

33  soil (45%, CaCO ), respectively. Increasing therd -

3root/shoot ratio due to increasing CaCO  concentration-

means that the young corn seedlings could not grow
well in soils containing much high calcium carbonate,
consequently the shoot growth was more limited under
these conditions especially during the early growth
stage.
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Also, the same Table shows that application of
super phosphate form give the maximum means of
fresh and dry weights of both shoot and root over the
other treatments. Moreover, the means of fresh weight
of shoot were increased by 3.00, 8.21 and 18.14% for
the 2 , 3  and 4  treatments, respectively as comparednd rd th

to the 1  treatment (control).st

The previous results, show clearly the efficiency of
ordinary super phosphate fertilizer (6.98% P) in
supplying young corn plants with P during the early
growth stage under the conditions of calcareous soil
(poor in available P).

Moreover, Fig 2 indicates that application of P
fertilizer sources had a slight effect on root/shoot ratio
of corn seedlings. The superiority is to super phosphate
as compared to the other sources of P fertilizer.  

In areas in which the soils are deficient in that
element the gypsum content has been an important
contributor to satisfactory crop responses to this
phosphate fertilizer. In fact, in numerous experiments
conducted in USA, it was found that the superiority of
ordinary super phosphate has frequently been associated
with its sulfur content .[1]

N, P and K Nutrient Contents:- Data indicate that
Table 4 reveal that N, P and K nutrients absorbed by
different organs of corn seedling (shoots and roots)

3tended to be higher as the level of soil CaCO -

decreased.
The highest N, P and K contents were recorded in

3plants grown on the sandy loam soil (11% CaCO ),-

while the lowest N, P and K contents were occurred

3with plants grown on the soil containing 45% CaCO .-

It could be concluded that the higher the soil calcium
carbonate the lower the nutrient contents in plants .[18,19]

Moreover, from laboratory and pot experiment found
that soil calcium carbonate content increased the pH
value and decreased phosphate extractability . Similar[20]

results were recorded by Singh and Singh [21] who

3reported that increasing CaCO  conc. (%) decreased dry
matter yield and nutrient uptake by corn plants.

Table 4 reveals that the used P sources could be
arranged according to their effective in enhancing
absorbed N, P and K nutrients as follows; ordinary
super phosphate < triple super phosphate < phosphoric
acid. The pronounced effect of P fertilization on
improving N, P and K absorbed by plants under
calcareous soil conditions had been recorded by Sundar
and Choudhary  came to the same conclusion that[22]

applied phosphorus increased P uptake.

Interaction effect:-

Growth attributes:- Table 5 and Fig 3 reveal that

there is pronounced role as a result of the combined of

3CaCO  and phosphorus fertilizer sources on fresh and-

dry shoot weights (g pot ) and non significant for dry-1

root and root/shoot ratio attribute.

The highest mean values of fresh and dry weights

of corn organs were 3205.0, 268.3, 1655.0 and 101.5

g pot-1 occurred with application of P as ordinary

super phosphate fertilizer (6.98% P) under El-Noubaria

soil conditions, respectively. 

Meanwhile, the lowest mean values of these

attributes were 936.5, 81.5, 485.8 and 44.0 g pot-1

produced from unfertilized seedlings grown on Burg

El-Arab soil. Generally, data show clearly that the

higher efficiency of ordinary super phosphate fertilizer

(6.98% P) in supplying young corn plants with P

during the early stage under the calcareous soil (poor

in available P).

N, P and K Nutrient Contents (mg pot ):- Data-1

presented in Table 6 reveal that P fertilizer sources had

a marked and a significant effect on absorbed N, P and

K nutrients (mg pot ) by different corn organs (shoot-1

and root ) at different studied locations. 

The highest N, P and K contents were recorded in

plants received P as ordinary super phosphate (6.98%

3P) and grown on the sandy loam soil (11% CaCO ),

while the lowest N content was recorded in unfertilized

3plants grown on the soil containing (45% CaCO ). -

These observations could be understood under the

calcareous soil conditions due to the high pH values of

those soils and also the abundant soluble calcium

which encourage the gradual transform of applied P to

less soluble Ca-phosphate compounds including

secondary apatite.

Utilization rate (%): Table 7 shows that utilization

rate % of applied phosphorus tends to decrease

3markedly with increasing CaCO  concentrations-

(%).Moreover, application of ordinary super phosphate

2 5(16% P O ) to corn seedlings under El-Noubaria soil

condition was more effective in increasing the UR %

than El-Hammame and Burg El-Arab soils.

In this concern, Johnston  found that P-uptake[23]

by corn plants, percent utilization of fertilizer P and

available P content of soil generally decreased with

3increasing CaCO  conc.(%).-

The statistical analysis reveal that there are highly

significant correlation (P = 0.01) and negative trend

3between CaCO  (%) and all studied attributes under-

the condition of this work. Moreover, Fig 4 reveals

that simple regression equation for predicting P

absorbed (mgpot ) by corn seedlings (Y) (where x =-1

3CaC0 (%) was computed from the linear equation as-

3follow: Absorbed P (mg pot ) = 2.80 - 0.0490 CaCO-1 -

(%) with r  = 68.5%.2
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Fig. 1: Root/shoot ratio of corn seedlings as affected by CaCO-3 Concentrations (%). 

Fig. 2: Root/shoot ratio of corn seedlings as affected by P fertilizer sources.

Fig. 3: Root/shoot ratio of corn seedlings as affected by the combined effect of CaCO-3 concentrations (%) in

soil and P fertilizer sources.

Fig. 4: Linear regression between P absorbed by early growth corn (mg pot-1) and CaCO-3 conc. (%).
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Table 1: Some physical and chemical properties of the studied soils.
Av. nutrients (mg kg soil ) Particle size distribution %-1

3Location No. O.M. % pH (1: 2.5) ------------------------------------------------------------------------------------------- Texture CaCO %
N P K C.sand F.Sand Silt Clay

EL-Noubaria 0.90 8.2 19 1.5 146 45.59 29.74 17.44 7.22 Sandy loam 11
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EL-Hammame 0.85 8.5 17 1.2 185 11.48 24.33 47.83 6.35 Silt loam 23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Burg EL-Arab 1.40 8.7 25 1.4 205 28.07 26.85 38.51 6.57 Sandy loam 45

Table 2: Soluble cations and anions (meqL ) in soil paste extract and electrical conductivity of the soil samples: -1

Location No. Cations (meqL ) Anions (meqL ) EC-1 -1

-------------------------------------------------------------------------------------------------------------------------------

3 3 4Ca Mg Na K CO HCO Cl SO dSm+ 2 + 2 + + - - - = -1

EL-Noubaria 38.20 7.97 37.15 4.35 0.00 5.00 37.50 45.19 8.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EL-Hammame 22.50 5.75 46.50 13.30 0.00 5.00 45.50 37.55 8.82
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Burg EL-Arab 21.00 10.20 26.30 8.20 0.00 3.00 30.00 32.80 6.69

3  Table 3: Mean values of fresh and dry weight (g pot ) of corn seedlings as affected by CaCO (%) and P fertilizer sources.-1

Characters Shoot Root
------------------------------------------------------------------------------------------------------------------------------------------

Treatments Fresh weight (g pot-1) Dry  weight (g pot-1) Fresh weight (g pot ) Dry weight (g pot )-1 -1

3  CaCO Concentrations (%)-

El-Noubaria (11%) 2786.6 300.5 1118.1 108.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
El-Hammame (23%) 1774.8 197.3 942.1 89.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Burg El-Arab (45%) 992.1 120.0 488.7 59.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at 0.05 183.2 28.28 265.0 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P-Sources (24mg Pot )-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 1724.6 195.3 754.2 65.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 1776.4 198.56 810.3 76.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 1866.2 200.1 870.2 84.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 203.5 206.6 963.6 89.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at 0.05 55.20 9.54 27.14 2.39

3  Table 4: Means of N, P and K nutrient contents (mg pot ) in shoot and root of corn seedlings as affected by CaCO (%) and P fertilizer-1 -

sources during 2006 season.
Nutrients uptake (mg pot )-1

------------------------------------------------------------------------------------------------------------------------------------------
Treatments            N            P          K

------------------------------------------------------------------------------------------------------------------------------------------
Shoot Root Shoot Root Shoot Root

3  CaCO Concentrations (%)-

El-Noubaria (11%) 11.4 3.5 0.96 0.94 10.2 2.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
El-Hammame (23%) 7.5 3.4 0.63 0.33 8.7 1.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Burg El-Arab (45%) 3.9 1.3 0.41 0.16 4.2 1.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at 0.05 0.58 0.26 0.07 0.17 0.4 0.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P-Sources (24mg Pot )-1
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Table 4: Continue
Control 6.8 2.1 0.57 0.35 6.65 1.34
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 7.2 2.4 0.62 0.43 6.93 1.54
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 7.7 2.7 0.65 0.50 7.9 1.76
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 8.8 3.8 0.81 0.63 9.12 2.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at 0.05 0.54 0.2 0.07 0.06 1.50 0.18

3Table 5: Means of fresh and dry weights (g pot ) of shoot and root of corn seedlings as affected by the combined effect of CaCO-1 -

concentrations (%) and P fertilizer sources.
                              Shoot                          Root

Treatments -------------------------------------------------------------------------------------------------------------
Fresh Dry Fresh dry

                                                                   ……………….g pot ……………………….               -1

El-Noubaria (11%) Control 2785.75 250 1145.5 76.00
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 2913.25 254.5 1247.3 83.80
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 3047.25 260.8 1359.0 92.00
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 3205 268.3 1655.0 101.50

El-Hammame (23%) Control 1745.75 156 941.5 75.02
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 1818.25 158.5 1011.5 79.8
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 1990.75 161.3 1098.3 86.0
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 2221.5 165.8 1158.0 91.5

Burg El-Arab (45%) Control 936.5 81.5 485.75 44.00
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 944 85.0 512.25 45.08
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 1044.75 89.0 519 46.33
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 1575.75 87.8 555.75 48.12

LSD at 0.05 21.58 9.86 10.07 --

Table 6: Means of N, P and K nutrient contents (mg pot ) in shoot of corn seedlings as affected by the combined effect of applied P-1

3fertilizer sources and CaCO  concentrations (%).
Nutrients uptake (mg pot )-1

Treatments -------------------------------------------------------------------------------------------------------------
        N           P          K
Shoot Root Shoot Root Shoot Root

El-Noubaria (11%) Control 11.36 3.47 0.95 1.29 10.48 2.83
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 12.10 3.89 1.10 1.37 11.30 3.18
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 12.65 4.51 1.01 1.45 12.05 3.67
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 14.43 5.85 1.39 1.73 13.43 4.55

El-Hammame (23%) Control 7.44 3.27 0.60 0.31 7.70 1.86
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 7.98 2.73 0.65 0.37 8.29 2.14
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 9.21 4.37 0.77 0.49 11.89 2.55
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 10.79 6.47 0.97 0.68 14.64 3.36

Burg El-Arab (45%) Control 3.81 0.91 0.38 0.12 3.93 1.29
--------------------------------------------------------------------------------------------------------------------------------------------------
Phosphoric acid 3.97 0.98 0.40 0.16 4.06 1.37
--------------------------------------------------------------------------------------------------------------------------------------------------
Triple super phosphate 4.07 1.05 0.46 0.24 4.6 1.45
--------------------------------------------------------------------------------------------------------------------------------------------------
Super phosphate 6.83 1.19 0.78 0.48 7.33 1.72

LSD at 0.05 2.58 0.86 0.56 NS 1.00 0.91
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3Table 7: Utilization rate (%) of applied P fertilizer sources as affected by CaCO  concentrations (%) in soils.-

3              CaCO  conc. (%)-

P sources El-Noubaria (11%) El-Hammame (23%) Burg El-Arab (45%)

Control -- -- --
Phosphoric acid 0.96 0.46 0.25
Triple super phosphate 0.92 1.46 0.83
Super phosphate 3.67 3.08 2.75

3Table 8: Correlation (Pearson) between CaCO  conc. (%) and corn seedlings weight and nutrients absorption.-

Nutrients absorption by seedlings (mg pot ) Fresh  weight-1

3CaCO  (%) ----------------------------------------------------------------------

KN P
N -0.993**
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P -0.882* 0.821**
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K -0.937** 0.971** 0.661*
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fresh weight -0.971** 0.936* 0.969** 0.825**
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dry weight -0.997** 0.999** 0.845** 0.960** 0.951**

**; highly significant

In summary, there is highly significant correlation

3(P=0.01) and adverse trend between CaCO  (%) and-

all studied parameters. Moreover, the simple regression

equation for P absorbed (mgpot ) by corn seedlings-1

3(Y) (where x = CaC0 (%) was computed from the-

3linear equation as follow, P = 2.80 - 0.0490 CaCO %-

(r  = 68.5%). application of super phosphate (6.98% P)2

to corn seedlings grown on El-Noubaria soil was more

effective in increasing the UR % than El-Hammame

and Burg El-Arab soils, respectively.
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