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Abstract: Using of phosphorus fertilizers in agriculture production affects on environmental quality, to minimize
chances of negative environmental impact from over fertilization we should place them in correct form and with
suitable application way. Water solubility and acidity of phosphate fertilizers used in fertigation are critical
parameters in choosing the phosphate fertilizers. A column experiment was conducted out to study the effect
of phosphorus fertilizers forms (mono-ammonium phosphate (MAP), mono-potassium phosphate (MKP), urea
phosphate (UP) and phosphoric acid (PA), fertigation frequencies (every 3 and 6 days) and amount of irrigation
water (0.66 and 1.32 L day ) on the movement and availability of P in sandy calcareous soils. Increasing the1

amount of irrigation water revealed a highly significant effect (p<0.01) on the distribution of available P
underneath the dripper through the soil column. Urea-phosphate and phosphoric acid (acidic P fertilizers) were
more  mobile  compared  to  the  other  P  fertilizers. Continuous injection of P fertilizer with  irrigation water
(high-frequency P drip fertigation, P injection every 3 days) significantly (p<0.01) increased the Olsen's
extractable P in the surface layers. Based on our results, it may be concluded that amount of water irrigation and
fertigation frequency are major factors influenced P availability and movement in sandy calcareous soils.
Phosphorus fertilizers in sandy calcareous soils must be added in high frequency with low concentrations.
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INTRODUCTION mainly caused by the release of H PO , reaction of MCP

Phosphorus fertilizers have different solubility in ammonium in MAP and APP. The effect of application
irrigation water. Some of them make problems when added rate of drip applied phosphorus fertilizers (rate of P
to the drip irrigation systems. In that respect, special care fertigation) consequently is very high as a result of
should  be  taken  with phosphate  fertilizers in  alkaline applying the phosphorus over a very small surface area.
and high calcium containing irrigation waters and in For example if 20 Ib / acre were applied uniformly through
calcareous soils, since calcium and magnesium precipitate 2500 emitters/acre, this would provide 0.008 Ib P / emitters.
easily with phosphate. For that reason, it is important to If the phosphorus were applied within 4 in. of the emitter,
use completely soluble and acidic phosphate fertilizers. phosphorus concentration within this 4 in. radius would
This is why acidic fertilizers like mono-ammonium be equivalent to 1000 Ib P /acre. Moreover drip irrigation
phosphate (MAP), mono-potassium phosphate (MKP), alone can have an extraordinary effect on phosphorus
urea phosphate (UP) and phosphoric acid (PA) represent availability in soil. Bacon and Davey [2] reported elevated
suitable options. High rates of P (80 kg P /ha) applied as concentrations of extractable phosphorus in the wetted
mono calcium phosphate (MCP), mono ammonium zone beneath the emitter for 6 to 23 hours after water only
phosphate  (MAP)  and  ammonium poly  phosphate irrigation cycle. Through fertigation nutrients are applied
(APP) reduce soil pH by 0.2 and 0.3 unite respectively [1]. directly into the wetted volume of soil immediately below
Soil pH depression difference may be due to source were the emitter where root activity can be concentrated and

3 4

with basic cations and nitrification of the added
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consequently fertilizer-use-efficiency can be improved using a volumetric calcium carbonate calcimeter [10].
over broadcast   application.  Soil   acidification  below Organic matter content was determined using the modified
the  emitters  resulted in a significant  increases the Walkely and Black method [11]. Field capacity: was
EDTA-extractable Fe, Mn, Zn and Cu [3]. Acid fertilizers estimated  according  to  the method described by Black
can provide several advantages when applied to alkaline et al. [10]. Available phosphorus was extracted by 0.5 M
calcareous soils. Among these is the enhancement of Fe Sodium bicarbonate solution  at  pH 8.5 according to
availability in localized zones of the soil [4]. There are Olsen et al [12] and phosphorus was determined
several additional benefits of using acidic fertilizers: colorimetrically using the chlorostannous-
enhancing efficiency of phosphate and micro-nutrients phosphomolybdic acid method [9]. The collected data
and  decreasing  losses  of  nitrogen  by  volatilization. were statically analyzed using MSTAT computer program
But increasing P movement under drip irrigation may be as described by Michigan State University [13].
caused an environmental pollution by phosphorus.
Phosphorus movement has received increasing attention RESULTS AND DISCUSSION 
in recent years due to its implication in polluting water
bodies. The  general census about  phosphorus Characteristics of Stock Solution for Different Forms of
movement  is  that it moves very little from the point of its P Fertilizers: Data presented in Table (2) shows the P
application [5, 6] but using acid phosphorus fertilizers concentration and pH of the stock solutions of P
increased its  movement especially under drip irrigation fertilizers, as well as, the pH of the irrigation water at the
[7]. drippers after injecting of the P fertilizers solutions. It is

This study aims to show the effect of different quit clear that the concentrated solutions of water
phosphorus  fertilizes,  the  way of application and extraction of superphosphate (SP ext.), urea-phosphate
amount of irrigation water on the movement and (UP) and phosphoric acid  (PA)  have  the  lowest pH
availability of P in sandy calcareous soils under drip (2.72, 1.71 and 1.66, respectively), while the concentrated
irrigation solution of mono-ammonium phosphate (MAP) and

MATERIALS AND METHODS acidic and have pH of 5.27 and 5.61, respectively. 

Distribution of phosphorus was studied in PVC solution of P fertilizers had reflected on the pH of
columns 11.0 X 40 cm. Each column filled with soil to 20 irrigation water at the drippers. Injecting UP and PA
cm depth and water added to the columns by drip concentrated solutions with irrigation water reduced the
irrigation  system. The  variables in this experiment were pH of irrigation water down to 2.16 and 2.14, respectively,
1- tow amount  of  irrigation  water 0.66 and 1.32 Lday , while injection the SP solution reduced the pH of1

2- two frequencies of P fertigation (every 3 and 6 days) irrigation water to 4.06. Injecting of the concentrated
and 3- phosphorus fertilizer form (Mono ammonium solution of MAP and MKP had little effects on the pH of
phosphate (MAP) 12% N and 61 % P O -Mono potassium irrigation water, i.e. 6.24 and 6.38, respectively.2 5

phosphate (MKP) 34% K O and 52% P O -Urea-2 2 5

phosphate (UP) 18% N and 44% P O -Phosphoric acid2 5

(PA) 61% P O  - Water extract of superphosphate solution2 5

(SP ext.) ) Phosphorus was applied by fertigation in drip
irrigation system using 4Lh  dripper. Amount of added1

phosphorus at the end of the experiment was 1.5 gm P /
column

Soil mechanical analysis was carried out by the
pipette method, according to Day [8]. Soil reaction (pH)
was measured in 1:1 (soil: water) suspension using a glass
electrode.For studying the effect of fertilization on soil
reaction soil pH was measured in 1:2 0.01 M CaCl  [9].2

Calcium carbonate content was measured gas metrically

mono-potassium phosphate (MKP) were moderately

These variations in the pH of the concentrated

Table 1: Some physical and chemical properties of the studied soil.

Soil Properties

Sand (%) 88.7

Silt (%) 8.0

Clay (%) 3.3

Texture Sandy

Field capacity. % 14.9

Chemical properties

CaCO  (%) 14.53

 pH (1:1suspention) 8.10

Organic matter (%) 0.60

Olsen P mg /kg 4.50
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Table 2: Phosphorus concentration and pH of the stock solution of P fertilizers as well as pH of irrigation water at the drippers.
P fertilizers in stock P Con. in stock pH of stock pH of irrigation

P Fertilizers form solutiongm L solutiongm L (calculated) solution water at the dripper1 1

Water extract of Super Phosphate (SP ext.) - 4.99 2.72 4.06
Mono-Ammonium Phosphate (MAP, 12:61:00) 19.11 4.99 5.27 6.24
Mono-Potassium Phosphate (MKP, 00:52:34) 21.98 4.99 5.61 6.38
Urea-Phosphate (UP ) 25.97 4.99 1.71 2.16
Phosphoric Acid (PA) 18.56 4.99 1.66 2.14

Table 3: Soil pH and Olsen P in the different layers of soil
pH Available P (ppm)
----------------------------------------------------------- -------------------------------------------------------

Treatments Soil depth (cm)
----------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------
Irrigation water amount (I) P form (Pf) 0-5 5-10 10-15 15-20 0-5 5-10 10-15 15-20
I 0.66 ld SP ext. 7.34 7.44 7.54 7.70 204 77 40 321

1

MAP 7.35 7.32 7.53 7.65 193 73 42 32
MKP 7.58 7.55 7.53 7.64 164 69 66 33
UP 7.33 7.37 7.55 7.70 197 48 39 33
H PO 7.34 7.46 7.52 7.68 201 71 40 363 4

Mean 7.38 7.43 7.53 7.67 191 68 45 33
I  1.32 ld SP ext 7.50 7.47 7.63 7.68 178 93 40 362

1

MAP 7.55 7.53 7.52 7.56 168 90 47 37
MKP 7.61 7.55 7.57 7.62 143 65 63 54
UP 7.50 7.54 7.67 7.64 187 74 68 56
H PO 7.51 7.57 7.69 7.70 167 82 55 423 4

Mean 7.53 7.54 7.61 7.64 168 81 55 45
LSD 0.02 0.02 0.02 0.03 6.7 6.8 3.9 4.2I

LSD 0.03 0.02 0.02 0.05 9.5 9.6 5.5 6Pf

LSD 0.05 0.04 0.04 0.07 15.0 15.1 8.6 9.4I*Pf

SP ext.= water extract of superphosphate, MAP= mono-ammonium phosphate, MKP=mono-potassium phosphate, UP=urea-phosphate and H PO =3 4

phosphoric acid.
Each value of fre, Pf and fre*Pf represents the mean of 40, 16 and 8 replications, respectively.
ns = insignificant.

Effect of Amount of Irrigation Water on Soil Ph and effectiveness of P fertilizers in reducing the soil pH was
Movement of P in Soil: The initial value of soil pH decreased by increasing the irrigation level. This may be
averages was around 8.1 (Table, 1). After P fertigation (the due to the dilution effect of P fertilizer solution. The
addition of P fertilizers with  irrigation  water) the pH of decrease of soil pH as a result of adding acid P fertilizers
the soil, especially in the surface layer (0-5 cm), was was noticed by Mikkelsen and Jarrell [7]. A great diversity
remarkably changed (Table, 3). The magnitude of this in available P was observed among P fertilizers (Table, 3).
change was associated with both the form of P fertilizers Mono-potassium phosphate (MKP) gave the lowest
and the amount of irrigation water. Using a low amount of amount of Olsen's extractable P compared to  other P
irrigation water,  the pH  of  the  surface layer (0-5 cm) fertilizers  that  produced  almost the same level of
was less affected by the addition of MKP (pH = 7.58), available P and ranged between 143 and 204 ppm. This
while the  other  P  fertilizers had almost the same effect diversity may relate the differences between P fertilizers in
(pH ranged between 7.33-7.35). The pH of  the lower their solution acidity and reaction with the soil
layers followed the same trend. This data emphasized that constituents. As mentioned above, the concentrated
the acidic form of P fertilizers (UP and PA) has a solution of MKP had the highest pH compared with other
noticeable reducing effects on soil pH. With increasing P fertilizers (5.61). Moreover, injecting the concentrated
the amount of irrigation water, MKP fertigation lowered solution of MKP into irrigation water gave the highest pH
the pH of the surface layer to 7.61, Other P  fertilizers (6.38). Therefore, MKP was probably more legitimist to
(more acidic form) had almost the same effects and convert to less available form compared to the other P
reduced the pH to 7.50 –7.55, which showed that the fertilizers.
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Table 4: Effect of P fertigation frequency and forms of phosphorus fertilizers on soil pH and distribution of available P with soil depth.
pH Available P (ppm)
--------------------------------------------------------- -----------------------------------------------------

Treatments Soil depth (cm)
------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------
P Fertigation frequency (Fre) P form (Pf) 0-5 5-10 10-15 15-20 0-5 5-10 10-15 15-20
High fre. (every 3 days) SP ext. 7.33 7.42 7.57 7.65 203 90 40 37

MAP 7.44 7.40 7.58 7.63 192 88 49 31
MKP 7.55 7.50 7.53 7.61 161 78 62 43
UP 7.36 7.49 7.61 7.61 198 58 60 40
H PO 7.37 7.40 7.52 7.61 192 83 46 373 4

Mean 7.41 7.44 7.56 7.61 189 79 51 37
Low fre. (every 6 days) SP ext 7.51 7.56 7.60 7.74 179 80 40 31

MAP 7.45 7.44 7.47 7.58 169 75 40 37
MKP 7.64 7.61 7.58 7.64 146 56 67 44
UP 7.48 7.42 7.62 7.72 187 64 47 49
H PO 7.48 7.62 7.69 7.77 176 71 49 413 4

Mean 7.51 7.53 7.59 7.69 171 69 48 40
LSD 0.02 0.02 0.02 0.03 6.70 6.8 3.9 nsfre

LSD 0.03 0.02 0.02 0.05 9.49 9.6 5.5 6Pf

LSD 0.05 0.04 0.04 0.07 ns ns 8.6 nsfre*Pf

SP ext. = water extract of superphosphate, MAP= mono-ammonium phosphate, MKP=mono-potassium phosphate, UP=urea-phosphate and H PO =3 4

phosphoric acid.
Each value of fre, Pf and fre*Pf represents the mean of 40, 16 and 8 replications, respectively.
ns = insignificant.

Increasing the amount of irrigation water revealed a Movement  of  phosphate  with irrigation  water was
highly significant effect (p<0.01) on the distribution of to some extent varied with P fertilizer. Changing the
available P underneath the dripper through the soil companion ions with phosphate may affect the mobility of
column. Changes in available P were most apparently phosphate with downstream of irrigation water [18].
directly in the upper layers (0-5 and 5-10 cm layers). Phosphate movement with irrigation water showed some
Increasing the amount of irrigation water from 0.66 to 1.32 diversity with the form of P fertilizer. Urea-phosphate and
l d  resulted in reducing the amount of available P in phosphoric acid (acidic P fertilizers) were more mobile1

surface layer (0-5 cm); however the available P in the compared to the other P fertilizers. The acidity of the
subsurface layers (5-10, 10-15 and 15-20 cm) was solution of P fertilizer may keep the phosphate ions in
increased. Increasing the amount of irrigation water with soluble form and expose more to move with irrigation
using  the  completely soluble and high acidic P fertilizers water. This result is expected because the chemical
resulted in moving the phosphate with irrigation water to species of phosphorus present in the soil solution is
subsurface layers. The movement of phosphate with determined by soil solution pH.
irrigation water did not exceed the upper 10 cm of the soil
column; therefore, the risk of loss the soluble phosphate Effect of  Frequency  of  P  on Soil Ph and Availability of
with down movement of water is limited. Maintenance of P in Soil: Table (4) shows the effects of frequency of P
relatively high moisture status and high frequency fertigation with different P fertilizers on P availability
irrigation lead to greater P mobility and movement of (Olsen's P) and P distribution in soil layers. Continuous
phosphate ions from the upper 5 cm to the lower next 5 cm injection of P fertilizer with irrigation water (high-
layer. Increased mobility of P dissolved in irrigation water frequency P drip fertigation, P injection every 3 days)
with increased irrigation frequency has been observed, significantly (p<0.01) increased the Olsen's extractable P
especially in sandy soils [2, 14, 15]. The improved mobility in the surface layers. 
has been attributed to movement of P in mass flow with Contrary to this, with low-frequency P drip fertigation
irrigation waters after saturation of reaction sites near the (P injection every 6 days), the available P was
zone of P application. The extent of P mobility is substantially decreased. With low P fertigation frequency
illustrated from the fertigation studies carried out by many the reaction time with soil constituents like calcium
investigators [16, 17]. carbonate and magnesium carbonate was increased,
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therefore, either precipitation and/or adsorption reactions From our results we found that increasing amount of
of phosphates may have increased and finally reduced the irrigation water increased the movement and availability
amount of available P. With low-frequency P drip of phosphorus under drip irrigation especially with acid
fertigation, the time span after application of P fertilizer fertilizers.High-frequency of phosphorus fertigation
was increased making the conditions more favorable for increased the availability of phosphorus in soil and
adsorption and / or precipitation reactions to occur. reduced soil pH and this may be lead to more P use
Similar results were obtained by Silber et al [19]. This efficiency and reduced loss of phosphorus from soil
effect was more pronounced with P fertilizers that had low system.
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