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Abstract: Corn is one of the main cereal crops in the world. Most of agricultural expansion in the world is
confined in the desert where shortage of water and unfavorable soil properties and nutrients deficiencies are
the most constrains facing any agricultural project proposed for such areas. These soils need a high efficient
irrigation and fertilization system for maximizing the production and sustain both the environment and resources
available. Using split randomized complete plot design with four replications a field experiment was conducted
out to study the effect of soil moisture and form of P fertilizer on uptake of P by corn plant as well as the yield
production of corn under the effect of these treatments. Keeping the soil moisture at 125% of field capacity
significantly (p<0.05) increased the total uptake of P in the 60-days old corn plants from 9.38 to 10.16 kg P fed .1

Forms of P fertilizers had a little effect on P concentrations in corn plants.Increasing the amount of irrigation
water increased the grain and straw yield of corn

Key words: Corn  Drip irrigation  Phosphorus fertilizers

INTRODUCTION system. Many problems are encountered using such

Corn is one of the most important crops in the world. fertilizer that should be used is the most important ones.
Moisture stress is an important factor affecting field- Nutrient transport from the soil solution to the root
grown maize, especially in arid and semiarid regions. Soil surface takes place by two simultaneous processes:
environments have a significant impact on plant growth convection in the water flow (mass flow) and diffusion
and development and moisture is a crucial factor for along the concentration gradient [7]. Soil properties, crop
successful establishment of annual food crops such as characteristics and growing conditions affect the relative
maize [1, 2]. The lack of sufficient soil moisture affects the importance of each mechanism, but the general situation
growth and development of roots, which are the organs is that the mobile NO  ion supply is taken up mainly
responsible for water uptake from the rhizosphere and for through mass flow, while for less mobile elements such as
establishing a soil –plant atmosphere continuum [3]. P and K, diffusion is the governing mechanism [7, 8].
Furthermore, water management becomes important in Phosphorus fertilizers have different solubility in
maize as both limited and excess supplies could affect irrigation water. For that reason, it is important to use
maize growth in the tropics [4]. Hamedi et al. [5] in a completely soluble and acidic phosphate fertilizers. This
comparison of drip and surface irrigation systems in yield is why acidic fertilizers like mono-ammonium phosphate
of maize with different levels of water requirement (MAP), mono-potassium phosphate (MKP), urea
indicated that drip irrigation increased the amount of yield phosphate (UP) and phosphoric acid (PA) represent
and water use efficiency by three times. In modern suitable  options.  Bacon  and  Davey  [9]  reported
agricultural systems, especially under arid or semi-arid elevated  concentrations  of  extractable  phosphorus in
conditions, or in greenhouses where artificial substrates the wetted zone beneath the emitter for 6 to 23 hours after
are used, water and nutrient are supplied simultaneously a water only irrigation cycle. Through fertigation nutrients
(fertigation), mainly by drip irrigation devices [6]. are applied directly into the wetted volume of soil
Fertigation technique is widely used for fertilizer immediately below the emitter where root activity can be
application with irrigation water, through the irrigation concentrated  and  consequently  fertilizer-use-efficiency

technique; the type of fertilizer especially phosphorous
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can be improved over broadcast application. Soil
acidification below the emitters resulted in a significant
increases the EDTA-extractable Fe, Mn, Zn and Cu [10,
11].

This experiment was designed to explore the effects
of P fertigation and amount of drip irrigation water on
uptake of P by corn as well as the yield and yield
components.

MATERIAL AND METHODS

Field Experiment: The field experiments were conducted
during the 2003 summer growing seasons at El-Ghorieb
Experimental Station, Faculty of Agriculture, Assiut
University, Assiut, Egypt. The soil at this site was
classified as sandy calcareous soil (Typic
Torripsamments). Some soil physical and chemical
properties  of  the  experimental  site  are  summarized  in
Table 1.

The experimental site was irrigated using a drip
irrigation system. The drip irrigation system was
constructed to provide four sub-mains that separately
controlled with respect to both irrigation and fertilization.
Each sub-main covered an area of 16X40 meter. The in-line
GR dripper laterals were installed at 1 m apart. The emitters
were spaced at 0.30 m apart and a flow rate of 3.8 l h-1 at
110-120 KPa (1.1-1.2 bar) was maintained. Each lateral was
used to irrigate an experimental plot of 0.7X20 m. Five P
fertilizers and two amounts of irrigation water were used.
The experimental design was split randomized complete
plot with four replications. The irrigation treatments were
imposed into the main plot while the P fertilizers forms
were placed in subplot.

Corn (Zea mays) variety single cross 10 was sowed
on May 2, 2003. Seeds were planted in hill spaced at 20 cm
at one side of the dripper line. Two weeks after emergency
plants were thinned to one plant/hill. Three plant samples
were taken, the first one contained three corn plants taken
after 60 days from planting from each plot. The second
sample contained leaves of ears of five plants taken after
90 days from planting from each plot. At harvesting seeds
samples were taken from each plot. These samples were
freshly weighed, cleaned, air dried, then dried in oven at
70 Co until constant weight, dry weighed, ground and
stored for chemical analysis. On August 18, 2003, plants
were harvested and separated into ears and stover. Dry
weight of ears and stover of all plots were recorded.. All
usual agriculture practices except irrigation and P
fertilization were carried on. All fertilization treatments
were adjusted to receive the same amount of N  and  K2O.

Table 1: Some  soil  physical  and  chemical  properties  of  the
experimental  site

Soil Properties Soil depth (0.0-30) cm

Physical Properties
Particle size distribution
Sand (%) 88.7
Silt (%) 8.0
Clay (%) 3.3
Texture Field capacity. % Sandy

Chemical properties 14.9
CaCO  (%) 14.53

pH (1:1suspention) 8.1
Organic matter (%) 0.6
Available phosphorus (ppm) 4.5

Each value represents the mean of 3 replications.

Nitrogen as ammonium nitrate (33.5 % N) and K as
potassium sulfate (48% K2O) were added at rate of 120 Kg
N and 60 Kg K2O, respectively.

Form of P Fertilizers: The P fertilizers used were selected
to cover two main properties of P fertilizers, solubility in
irrigation water and pH of the dissolved P fertilizer.

The selected P fertilizers and their grade are listed
below:

Mono ammonium phosphate (MAP) 12% N and 61 %
P O2 5

Mono potassium phosphate (MKP) 34% K O and2

52% P O2 5

Urea-phosphate (UP) 18% N and 44% P O2 5

Phosphoric acid (PA) 61% P O2 5

Water extract of superphosphate solution (SP ext.) 

One rate of P fertilizer was used. The amount of each
P fertilizer needed was calculated and dissolved in the
same volume of water to prepare the concentrated P
fertilizer solution that will be delivered with irrigation
water into the irrigation system. The superphosphate
solution was prepared by dissolving the fertilizer in water
to get as maximum concentration of P O  as possible. The2 5

final P concentration in solution was measured and used
to calculate the amount needed to prepare the
superphosphate solution. Phosphorous fertilizers were
added weekly at the same rate by fertigation.

Irrigation Treatments: The changes in soil moisture
content in the 0.5 m soil surface layer were periodically
measured using the profile probe (type PR1). The amount
of  irrigation  water  required  to  retain  the  soil  moisture
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content at 80 and 125% of field capacity were calculated The plant materials were digested using a wet ashing
and daily added. Knowing the flow rate of water of the method using a mixture of sulfuric acid and hydrogen
irrigation system, the berating time needed to deliver the peroxide [14] phosphorus, in the plant digest were
required amount of irrigation water every day for each determined as described for soil analysis. The collected
irrigation treatment was defined. This process was data were statically analyzed for the significance of
repeated during the growth season to cope with the different between the treatments using MSTAT computer
growth of irrigated crop. The irrigation treatments were program as described by [17]. 
denoted as I  and I .1 2

Soil and Plant Analysis: Soil mechanical analysis was
carried out by the pipette method, according to [12]. Soil Effects  of  P  Fertilizers  Forms  and  Amount of
reaction (pH) was measured in 1:1 (soil: water) suspension Irrigation  Water  on  soil  pH:  The  forms of
using a glass electrode [13].Calcium carbonate content phosphorus fertilizers and the amount of drip irrigation
was measured gas metrically using a volumetric calcium water, in general, had a noticeable effect on soil pH. The
carbonate calcimeter [14]. Organic matter content was effect of amount of irrigation water was significant
determined using the modified Walkely and Black method (p<0.05) in surface layers (0-5 and 5-10 cm) and
[15]. Field capacity: was estimated according to the insignificant in subsurface ones (10-15 and 15-20 cm)
method described by Black et al. [14]. Available while the effect of phosphorus was significant in 5-10 and
phosphorus was extracted by 0.5 M Sodium bicarbonate 10-15 cm  layers.  As  shown  in table (2), the combined
solution at pH 8.5 according to [16] and phosphorus was effect of the amount of irrigation water and forms of
determined calorimetrically using the chlorostannous- phosphorus fertilizers on soil pH of surface layers (0-5
phosphomolybdic acid method [13]. Field capacity was and 5-10) was clear and diminished in subsurface layers
estimated  according   to  the  method  described  by  [14]. (10-15 and 15-20 cm).

RESULTS AND DISCUSSIONS

Table 2: Effect of amount of irrigation water and forms of phosphorous fertilizers on soil pH and distribution of available P with soil depth at 60 days after

planting

Treatments

------------------------------------- pH Available P (ppm)

Irrigation -------------------------------------------------------------------------- ------------------------------------------------------------------

water ------------------------------------------------------------------------ Soil depth (cm) --------------------------------------------------------------

amount (I) P form (Pf) 0-5 5-10 10-15 15-20 0-5 5-10 10-15 15-20

I SP ext. 8.03 8.09 8.13 8.05 17.8 16.5 13.6 16.81

MAP 8.00 7.91 8.01 8.06 24.8 18.8 16.4 16.1

MKP 7.99 7.94 7.97 8.01 22.3 17.4 13.5 14.7

UP 8.03 7.94 7.97 8.21 22.8 16.3 16.4 13.5

H PO 7.98 7.93 8.01 8.09 21.4 14.4 14.3 13.53 4

Mean 8.00 7.96 8.02 8.09 21.8 16.7 14.9 14.9

I SP ext 8.13 8.08 8.11 8.10 20.2 16.5 14.3 12.42

MAP 8.12 8.14 8.11 8.14 22.8 16.6 17.3 16.4

MKP 8.14 8.07 8.04 8.13 23.1 16.7 19.3 15.4

UP 8.07 8.10 8.09 8.18 24.7 18.4 16.9 13.0

H PO 8.08 8.07 8.09 8.10 22.9 19.7 17.1 17.43 4

Mean 8.11 8.09 8.09 8.13 22.7 17.6 16.9 14.9

LSD  0.05 0.02 0.07 ns ns ns 0.8 1.7 NsI

LSD  0.05 ns 0.06 0.05 ns 2.3 ns 1.6 2.1Pf

LSD  0.05 0.05 0.09 ns ns ns 2.6 2.6 2.4I*Pf

I  and I  are irrigation at 80 and 125 % of the field capacity, respectively; SP ext.= water extract of superphosphate, MAP = mono-ammonium phosphate, MKP1 2

= mono-potassium phosphate, UP = urea phosphate and H PO  = phosphoric acid.3 4

ns = insignificant
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The initial value of soil pH averaged around 8.1 Effects of P Fertilizers Forms and Amount of Irrigation
(Table   1)  and  experienced   little   changes  with Water on P Availability in Soil: The distribution of
applying the low amount of irrigation water (the mean available P in the root zone of corn plant was affected by
values  of  soil  pH  of  all  studied  layers   ranged both the forms of P fertilizers and the amount of irrigation
between 7.96 and 8.09). However, by increasing the water Table (2). As a result of P fertigation (injection of a
amount of irrigation water, the pH returned back to its solution of P fertilizer into irrigation water), available P
initial values and where the mean values of pH of the soil was generally accumulated in the surface layer (0-5 cm)
layers ranged between 8.09 and 8.13. This effect was and gradually decreased with soil depth. However, there
significant (p<0.05) and confined in the surface layers were appreciable differences in P distribution in the root
only (0-5 and 5-10 cm). The change in the values of the pH zone between P fertilizers. Injecting the water extraction of
of the lower layers was insignificant. Increasing the superphosphate (SP ext) gave significantly lower amounts
amount of irrigation water, most likely reduce the localized of available P (available P ranged between 19.0 and 14.6
effects of acidic P fertilizers solutions immediately ppm in 0-5 and 15-20 cm soil layer, respectively). The
underneath the dripper so that the pH rose up and differences between the other P fertilizers were not
returned to its initial value. significant. The diversity in solution pH of the P fertilizers

The main effect of P fertilizer forms on soil pH was may explain these differences. Phosphorus fertilizers that
insignificant at the upper surface layer (0-5 cm), but was have acidic solution have, probably overcome the
significant (p<0.05) in the lower layers (5-10 and 10-15cm) precipitation and adsorption reactions of phosphate
and diminished in the deeper layer (15-20cm). However, anions when they get in contact with soil particles; thus
the effect of P fertilizers form on soil pH was small and the stayed in another soluble form. 
differences between the P fertilization forms in their The distribution of available P in soil layers was also
effects on pH were as low as 0.1 pH unit. Urea-phosphate affected by increasing the amount of irrigation water; this
(UP) and H PO  had the lowest values of soil pH effect was associated with P fertilizer form. Phosphoric3 4

comparing to the other P fertilizers. The superiority of UP acid (that has the lowest pH) was more exposed to move
and H PO  in reducing soil pH is due to the acidity of the down with irrigation water, while other fertilizers were less3 4

stock solution of these P fertilizers. Reducing soil pH as affected by increasing the amount of irrigation water. The
a result of applying the acidic P fertilizers were also noted acidic effect of phosphoric acid may explain these results.
by [18]. High rate of irrigation water increased the downward

In the surface layers, the impact of P fertilizers on soil movement of all forms of P fertilizers. As the moisture
pH was most likely associated with the amount of content of the soil is lowered, the moisture films around
irrigation water. The interaction effect of irrigation and P the soil particles become thinner and the diffusion of
fertilizer form was significant (p<0.05). At low irrigation phosphate ions through these films become more
level the pH values were most likely less than 8.1 and tortuous, thus reduced the overall movement of
remarkably influenced by the form of P fertilizer, phosphate ions [20]. Increasing the mobility of P
phosphoric acid, UP and MKP were most effective on soil dissolved in irrigation water with increasing the amount
pH. However, with increasing the amount of irrigation and frequency of irrigation has been observed, especially
water the pH values of all soil layers, fertigated with all P for sandy soils [9, 21; 22]
fertilizers form, were very close to 8.1 and ranged between
8.07 and 8.14 Effects of P Fertigation and Amount of Irrigation Water

These  changes  in  soil  pH  were  small  and, in on P Concentration and Uptake by Corn Plants: Samples
general, they were insignificant. With continuous of corn plants were collected at different growth stages.
application  of  the  same   soluble   and   acidic P Sixty-days after planting, composite samples consisting,
fertilizers  with  irrigation  water,  the  changes  in  the  pH each of three plants was collected. Ninety-days after
were  probably   enlarged  and  became  outstanding to planting samples of five ear-leaves each were collected
the  extent that  affected  the  status  of  the other from each plot. At harvesting grain samples were taken
nutrients in root zone. Fertigation with acid fertilizers from each plot. Plants were harvested and separated into
reduced soil pH and increased availability of ears and stover. Dry weight of ears and stover of all plots
micronutrients [10, 19] were recorded.
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Table 3: Effect of amount of irrigation water and forms of phosphorous fertilizers on P concentration and uptake of corn plants
Treatments
------------------------------------------ 60 days 90days GRAIN
Irrigation water ------------------------------------------------------------------------- --------- ----------------------------------------
amount (I) P form (Pf) Dry matter kg/fad P (%) Uptake Kg/Fad P (%) P (%) Uptake Kg/Fad
I SP ext 4255 0.21 8.74 0.26 0.42 4.521

MAP 4004 0.24 9.51 0.27 0.38 5.17
MKP 3754 0.27 9.53 0.32 0.31 4.38
UP 4644 0.24 10.31 0.25 0.42 5.50
H PO 3896 0.24 8.81 0.25 0.34 4.843 4

Mean 4110 0.24 9.38 0.27 0.38 4.88
I SP ext 4520 0.24 10.61 0.24 0.42 8.072

MAP 4028 0.23 9.3 0.24 0.44 8.61
MKP 4733 0.22 10.60 0.23 0.39 5.13
UP 4559 0.21 10.53 0.26 0.33 5.81
H PO 4172 0.21 9.74 0.26 0.40 6.983 4

Mean 4402 0.22 10.16 0.25 0.42 8.07
LSD  0.05 ns ns 0.49 0.01 ns 0.88I

LSD  0.05 ns ns 0.74 0.02 ns 0.87Pf

LSD  0.05 ns 0.03 0.94 0.02 0.08 1.19I*Pf

I   and  I  are irrigation at 80 and 125 % of the field capacity, respectively; SP ext.= water extract of superphosphate, MAP = mono-ammonium phosphate,1 2

MKP = mono-potassium phosphate, UP = urea phosphate and H PO  = phosphoric acid. ns = insignificant3 4

Neither the amount of irrigation water, nor the forms With increasing the amount of irrigation water P
of P fertilizers had a significant effect on P concentration uptake in corn plants fertigated with SP significantly
in 60-days old corn plants (Table 3). However, the increased from 8.74 to 10.61 kg P fed-1. In the case of
combined effect of both factors on P uptake in 60-days using H3PO4, P uptake significantly increased from 8.81
old corn plants was significant (p<0.05). This discrepancy to 9.74 kg P fed . With the other P fertilizers (MKP and
may be due to the enhanced effects of both the amount of UP), P uptake in 60-days old corn plants increased with
irrigation water and the P fertilization forms on dry matter increasing the amount of irrigation water, but these
accumulation in corn plants. Increasing the amount of increases were not significant. Availability and uptake of
irrigation water enhanced the growth of corn plants and P was adversely affected as the amount of soil moisture
the over-all average of dry matter accumulation in 60-days stored in root zone was reduced [23]. Changes of a few
old plants being increased from 4110 to 4402 kg fed , per cent in water content induce changes of up to 4- or 5-1

with the superiority of producing the highest amount of fold in the hydraulic conductivity of coarse media [24, 25,
dry matter with urea phosphate (UP) in I1 and mono- 26,27] and the associated decrease in water fluxes limits
potassium phosphate (MKP) in I2 irrigation treatments nutrient acquisition by plants [28[. Water and nutrients
(4644 and 4733 kg fed , respectively). Increasing the acquisition by plants and the formation of a depleted zone1

amount of irrigation water enhanced the effects of MKP in the immediate vicinity of the roots are the driving forces
on dry matter accumulation by 26%. With the exception of for solute movement towards the roots.
SP, increasing the amount of irrigation water, the Ear-leaves of corn plants were usually used to test
concentrations of P in 60-days old corn plants fertigated the critical levels of nutrient elements, the nutrients
with other P fertilizers were reduced. The reduction may concentrations in ear-leaves are sensitive enough to
due to the dilution effects. reflect any changes in the growth media. Phosphorus

Increasing the amount of irrigation water significantly concentration in ear-leaves was strongly and significantly
(p<0.05) increased the total uptake of P in the 60-days old (p<0.05) affected by the forms of P fertilizers, amount of
corn plants from 9.38 to 10.16 kg P fed . Urea-phosphate irrigation water and their interaction (Table 3). Ear-leaves1

(UP) and MKP were the most effective P fertilizers forms of corn plants fertigated with MKP had significantly
in increasing the P uptake in those plants. The mean P higher P concentration. The other P fertilizers almost had
uptake was 10.42 kg fed  in the plants fertigated with UP. the same effects on P concentration in ear-leaves. The1

The other P fertilizers forms gave mean P uptake averaged differences were insignificant except the difference
between 9.27 and 10.07 kg fed . (9.68, 9.43, 10.07 and 9.27 between MAP and H3PO4. Generally, increasing the1

Kg P/ fad for SP, MAP, MKP and H3PO4, respectively). amount  of  irrigation water significantly (p<0.05) reduced

1
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Table 5: Effect of amount of irrigation water and forms of phosphorous fertilizers on grain yield, stover and total biomass of corn plants
Treatments
---------------------------------------------------------
Irrigation water
amount (I) P form (Pf) Grain (Kg/fad) Straw (Kg/fad) Total yield (Kg/fad)
I SP ext 1105 8900 102631

MAP 1185 8100 9550
MKP 1338 6475 8996
UP 1448 8250 9825
H PO 1279 8617 103003 4

Mean 1271 8068 9787
I SP ext 1704 7625 94002

MAP 1832 8825 10988
MKP 2223 8687 10625
UP 1497 8400 11115
H PO 1497 9021 94613 4

Mean 1749 8512 10138
LSD  0.05 321 Ns nsI

LSD  0.05 135 701 nsPf

LSD  0.05 350 1763 325I*Pf

I  and I  are irrigation at 80 and 125 % of the field capacity, respectively; SP ext.= water extract of superphosphate, MAP = mono-ammonium phosphate, MKP1 2

= mono-potassium phosphate, 
UP = urea phosphate and H PO  = phosphoric acid.ns = insignificant3 4

the concentrations of P in ear-leaves. Dry matter (11115 kg/fad). The main effect of P forms was
accumulation usually increased with increasing the insignificant. Although the amount of irrigation water had
amount of irrigation water. Thus the reduction in P an insignificant effect on straw yield, however, such effect
concentration could be due to the dilution effects. amounted to 8068 to 8512 kg/fad. Interaction of amount of
Phosphorus  concentration  in corn grains was not irrigation water and forms of P forms was significant.
affected by either the amount of irrigation water or the Using low amount of irrigation water with superphosphate
form of P fertilizers; however, the interaction effect of the (SP ext.) gave the highest value of straw yield (8900 kg/
two factors was significant (Table 3). On the other hand, fad). Using high amount of irrigation water phosphoric
P uptake in corn grain (recovery) was significantly acid produced more straw yield (9021 kg /fad). The
affected by the form of P fertilizer, significantly increased separate effect of P forms was significant where
with increasing the amount of irrigation water and phosphoric acid gave the highest straw yield (8819 kg/
significantly enhanced by the interaction between the two fad).
factors. The grain yield was also affected by the amount of

Neither the amount of irrigation water, nor the forms irrigation water and forms of phosphorus fertilizers. The
of P fertilizers had a significant effect on P concentration separate effect of amount of irrigation water was
in 60-days old corn plants, Also the P concentrations in significant being increased from 1271 to 1749 kg /fad.
grains did not affect by them. Using low amount of irrigation water, urea phosphate (UP)

Effects of P Fertigation and Amount of Irrigation Water followed by mono-potassium phosphate (1448 and 1338
on Grain Yield, Stover and Total Biomass of Corn Plants: kg/ fad, respectively). With increasing the amount of
The amount of irrigation water and forms of phosphorus irrigation water mono-potassium phosphate produced
fertilizers  had  an  insignificant  effect  on  total  yield higher grain yield (2223 kg/fad). 
(Table 4). Increasing irrigation water amount increased the When water resources or operational costs are
total yield from 9787 to 10138 kg/fad. Using low amount of limiting factors in yield production, irrigation programs
irrigation water phosphoric acid produced more total yield need to be applied to enable maximum production per unit
(10138 kg /fad) followed by superphosphate (10263 of irrigation water [29]. The aim of irrigation is to optimize
kg/fad). Using high amount of irrigation water, total yield the yield by minimizing the damage caused by water
produced from all forms of P fertilizers was increased and stress during the crop development stages (Stone et al.,
the highest values were observed with urea phosphate 2001).  The  amount  of  plant   material  at  the   end   of  a

produced more grain yield than other forms of P fertilizers
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growing season is the result of a large number of 5. Hamedi,   F.,   H.  Jafari,  J.  Ghaderi,  R.  Rezaee  and
interacting processes factors in soil-crop system. Under K.  Sayyadian,  2005.  Comparison  of  drip  and
water stress conditions, leaf area index (LAI) of crops and surface irrigation with difference levels of water
yield decreases. The reduction in yield and its degree requirement  on  yield  of  corn.  In  Proceedings  of
depend upon the timing of water stress on the crops and 9   Soil  Science  Congress  of  Iran,  Mashhad,  Iran,
the period of irrigation events [30]. pp: 120-121.

The influence of water application on corn yield has 6. Bar-Yosef, B.,   1999.   Advances   in  fertigation.
been discussed in reviews by [31] Corn dry matter and Adv. Agron., 65: 1-79.
grain yield increased significantly by irrigation [32]. 7. Barber, S.A., 1995. Soil Nutrient Bioavailability.
Meanwhile, corn has been reported to be very sensitive Wiley, New York. Bar-Yosef B 1999 Advances in
to drought [33, 34]. fertigation. Adv. Agron., 65: 1-79.

CONCLUSIONS Mechanistic simulation modelsfor a better

P fertigation could serve as an efficient means of In Mineral Nutrition of Crops, Fundamental
enhancing crop yield, by improving the uptake by plants, Mechanisms    and   Implications.   Ed.  Z.  Rengel.,
of less mobile nutrients such as P. However, caution is pp: 327-367. Haworth Press, New York.
advised when using high frequent irrigations in soil 9. Bacon,    P.E.     and      B.G.       Davey,     1982.
because of possible suboptimal conditions of soil aeration Nutrient     availability     under      trickle     irrigation:
and gaseous exchange of oxygen and carbon dioxide. I. Distribution of water and Bray no. 1 phosphate.
Yield gain can be primarily related to increased nutrients Soil Sci. Soc. Am. J., 46: 981-987.
availability, uptake and water content (è). Sandy 10. Haynes, R.J. and R.S. Swift, 1987. Effect of trickle
calcareous soils have a high pH values, low availability of fertigation with three forms of nitrogen on soil pH,
P and micronutrients and need good management to levels of extractable nutrients below the emitter and
reduce soil pH to more nutrient availability and therefore plant growth. Plant and Soil., 102: 211-221.
P should be added by fertigation and by using the acid 11. Wallace,   A.,   1988.   Acid  and  acid-iron  fertilizers
forms to avoid P perception. Keep soil moisture at a 125 % for iron-deficiency control in plants. J. Plant Nutr.,
of field capacity has led to increased uptake of 11(6-11): 1311-1319.
phosphorus and this increased the yield of corn 12. Day, P.R., 1965. Particle fraction and particle size
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