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ABSTRACT

This study was conducted to evaluate the use efficiency of three types of phosphate fertilizers (NP, DAP and TSP) on
phosphorus uptake and the yield of wheat in two different texture soils. The study included an experiment (planting in
plastic pots) in which five P levels of (0, 60,120, 180 and 240 Kg P,Os ha'), three types of fertilizers and two soils, clay
(S1) and Sandy loam (S2), were used. Wheat plant (Triticum aestivum L.) was used as a plant indicator. A factorial
experiment, according to Complete Randomized Block Design (CRBD) with three replicates, was used. The results showed
that all plant parameters significantly increased as the level of P applied increased from 0 to 240 Kg P,Os ha'. The level
180 Kg P,0s ha showed higher straw, grain yield, total dry matter, P uptake, response percent and P use efficiency of
23.12, 6.84, 29.96 g pot™, 78.83 mg pot ™, 50.14% and 40.51%, respectively. DAP was the best as compared with TSP and
NP fertilizers and their P use efficiency were 47.85, 35.37 and 19.85% for DAP, TSP and NP respectively. The clay soil
showed a superiority of increasing the plant indicators compared with the sandy loam soil. All plant parameters increased
in clay sail in relative to sandy loam soil. Quadratic equation was the best for describing the relationship between P added
of DAP and TSP fertilizers and al plant parameters while linear equation was the best for NP fertilizer.

KEYWORDS: Fertilizer, fertilizer use efficiency, phosphorus, quadratic equation, P uptake.

INTRODUCTION of its availability, it is necessary to add phosphate of
Phosphorus is one of the major nutrients. All plants need phosphorus in different soil systems, especially cacite, is
large quantities for their role in the basic biological due to exposure to many reactions such as adsorption,
processes photosynthesis and respiration), cell formation, factors including soil pH, carbonate minerals, clay type

seed structure and contribution to the synthesis of energy and content, soil erosion, organic matter, soil salinity
compounds (ADP and ATP) RNA and DNA and cellular (Baker and Pilbeam; Samadi, 2006). The low availability
membranes and nucleic acids (Mengle and Kirkby,1982; release factor of MAP fertilizer increased by 8.8%
Salisbury and Ro0ss,1985) This nutrient is second in compared to DAP fertilizer due to different chemical and
importance to the plant and absorbed by the plants in the physical properties of both fertilizers. (Khan et al., 2010)
form of ionic is H,PO, and HPO,? and its appropriate Showed an increase in plant height, grain yield and straw
content in the tissues of different plants is 0.2-0.5% of wheat plant when adding four phosphate fertilizers
(Barker and Pilbeam, 2007; Fageria, 2009).The total (SSP, TSP, NP and DAP, 92 and 183 kg P,Os ha‘l). The
content of phosphorusin the soil Generally is between 200 fertilizer superiority at 183 kg P,Os ha’ was as follows:
- 5000 and an average of 600 mg kg * soil (Lindsay,1979) DAP <NP <TSP> SSP. In a study using three types of
and its content is very limited compared to itstotal content phosphate fertilizers, SSP, NP and DAP in the maize plant
and found that it is not more than 0.01% of its total content showed superiority of DAP and then SSP and NP in
and its content ready in the soil solution In general to 0.03 obtaining the highest yield of dry matter and grains
mg kg * soil (Havlin et al., 2005). The availability of (Amanullah et al., 2010). The results of the Al-Abdaily
phosphorus in the soil is affected by several fertilizers to (2005) study showed that five levels of phosphorus, O, 71,
achieve the appropriate level to get optimal production. 179, 250, and 242 kg P,Os ha' were added with three
The compounded phosphate fertilizers, especialy DAP, DAP, NP and TSP phosphate sources in two clay and one
NP and UP have increased their use recently in green soil with a higher than 242 kg P,Os ha* On the other
agricultural soils on different crops among Iragi farmers levels showed an increase of 29.3, 60.4 and 174.4% for
and that these fertilizers vary in their chemical and dry weight, length of plant and absorption of P in wheat
physical properties, which in turn affect their ability to plant for both cultivars respectively compared to control.
release the phosphorus of the plant and its efficiency in the Zahedifar (2011) noted that the level of 229 kg P,Os ha
process. Al-Saedy, (2000) indicated that the phosphorus gave the highest value for dry matter and weight of 1000
sedimentation and stabilization by the carbonate minerals grains and grain yield of wheat plant where it used three
prevailing in them (McDowell et al., 2003). Because of levels of phosphorus are 0, 115 and 229 kg P,Os ha™.
the plant's need for large amounts of this nutrient and low Although there are some studies on the phosphorus
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availability of these fertilizers and their efficiency in plant
growth, but these studies are till limited and did not
receive these fertilizers a great deal of interest in Iraq as
the focus on the fertilizer superphosphate triangular (TSP).
Therefore, the present study aimed to evaluate the two
types of phosphate fertilizers (DAP and NP) in their
phosphorus availability and their efficiency in phosphorus
uptake and wheat plant yield compared to TSP fertilizers
in different soil texture.

MATERIALS& METHODS

Two different texture soils were chosen and the samples of
these soils were collected from the depth of 0 — 30 cm, the
clay soil samples were collected from Abu Karak
Township while the sandy loam samples were from the
shoulder of Tigris River in Hilla city. The samples were
air dried, sieved through 2.0 mm sieve, and kept into big
plastic containers. Some soil physica and chemical
properties were evaluated according to (Jackson, 1958;
Page et al., 1982) (table 1). A biological experiment was
conducted including planting into plastic pots, carried out
in the canopy of Soil Science and Water Resources Dept.—
College of Agriculture, University of Babylon in the

planting season of 2012 under atmospheric conditions to
evaluate the use efficiency of three types of phosphate
fertilizers (NP, DAP and TSP) on phosphorus uptake and
the yield of wheat in two different texture soils The
experiment included 5 levels of phosphorus: 0, 60, 120,
180, and 240 kg P ha' soil from NP (27:27) Di
Ammonium Phosphate (DAP) (18% N , 46% P,0s) and
Triple Super Phosphate (TSP) (46% P,Os). Pots of 5 Kg
capacity were used, 5 Kg of both soils were weighted, and
the grains of the wheat (Triticum aestivum L.) were
planted as 10 grains per pot, reduced to 5 seedlings after
10 days of germination. Phosphorus fertilizers were added
to the soil surface as a sold form. The water content was
reserved at the field capacity. Nitrogen was added as 200
Kg ha’ soil as urea (46% N) and potassium was added as
120 kg K,0 ha* soil as potassium sulfate, K,SO, (42% K).
The wheat was harvested at the final maturation (150 days
after the planting) and dried under 65°C for 48 h by the
oven until weight stability. Phosphorus content in the
straw and grains, were evaluated according to (Jackson,
1958). Response percentage and Fertilizer Use Efficiency
(PUE) of phosphorus were calculated using the following
formula (Tisdale et al., 1997).

TABLE 1. Soil chemical and physical properties

Property Saill Soil2 Unit
pH 234 1.38 -1
ECe 713 172 aSm
oM 13.60 6.32
Total CaCO, 2724  257.2 gkg®
Active CaCO; 925 90.5
CEC 24.3 8.3 Cmol kg
NH,"-N 54.30 25.10
Available NO; N 36.40 22.60 ma kot
nutrients P gjeen 9.73 4,95 9Ky
K 230.0 176.0
Particles size analysis
Clay 733.0 89.0 kgl
Silt 1690  117.0 gxg
Sand 98.0 794.0
Texture Clay Sandy |loam
Total yield of fertilized treatment — total yield of control
Response percent = X 100
Tota yield of fertilized treatment
Uptake nutrient of fertilized treatment — uptake nutrient of control
FUE = X 100

Nutrient added quantity

A factorial experiment was used according to Complete
Randomized Block Design (RCBD) with three replicates.
Regression equations were used to find the relationship
between plant indicators and the added levels of
phosphorus. Least Significant Difference (LSD) was used
to compare the means of different treatments at 5% (Steel
and Torrie, 1980).

RESULTSAND DISUSSION

Straw, grains and total dry matter yield

The results (table 2 and 3) showed there were significant
differences (at 5%) of straw, grains and total dry (TDM)
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yield among al added phosphorus levels. Increasing
phosphorus levels of 60, 120, 180 and 240 kg ha™* soil led
to increasing straw yield of 45, 76, 112 and 88%, and
grains yield of 45, 86, 151 and 138%, and TDM of 45, 78,
119 and 98% respectively, compared with control. The
high response to previous plant indicators due adding
phosphorus attributed to decrement of both soils available
phosphorus contents as well as the active role of
phosphorus in the biological processes inside the plant and
its contribution to the analysis of carbohydrates and its
entry into the composition of energy-equipped
compounds, cellular membranes and nucleic acids. It its
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contribution to the formation and division of cells and the
number of branches (Mengle and Kirkby, 1982; Fageria,
2009). Obtained results agreed with those found by other
studies (Al-Saedy, 2000; Sandana and Pinochet, 2014,
Rami et al., 2015; Rusek et al., 2016). The level 180 kg
P,0s ha* achieved higher plant parameters means that the
optimum level of phosphorus, which means the plant's
needs and requirements, achieves the highest response.
That the results obtained are consistent with the findings
of several studies (Alam et al., 2005; Zahedifar et al.,
2011; Rami et al., 2025). Khan et al., (2010) found an
increase in the yield of straw and grain of wheat plants as
the phosphorus levels increased from 0 to 92 and 183 kg
P,Os ha', where the last level increased both indices by
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143.0 and 168.3%, respectively, compared to control
treatment. The effect of the fertilizer type was significantly
higher in the plant indicators. The increase in straw yield
was 77.5 and 12.6% in DAP compared to NP and TSP
respectively, while theincreasein grain yield was 41.7 and
14.35% and the total increase was 78.1 and 12.9%
respectively. DAP fertilizer is superior to NP and TSP
fertilizer due to its high solubility, dispersion and
phosphorus supply to plants compared to other fertilizers
(Al-Abdaily, 2005; Amanullah et al., 2010). Ali et al.,
(2012) found that DAP fertilizer was the most efficient,
increasing the total grain yield and total plant yield by 5.4
and 9.0% compared to NP fertilizer.

TABLE 2. Effect type and level of phosphate fertilizer on straw and grain yield in both two soils

T : -1
< = i Straw (g pot™) Ilzvel il Grain (g pot™) Ii,-vel il
Kgha® NP DAP TSP mean NP DAP TSP mean
mean mean
0 1527 1527 1527 417 417 447
60 1640 2650 23.27 %‘;’gg 470 643 607 g%
Clay 120 1693 3203 2883 oco0 ..o 567 850 780 L
180 1780 3877 3410 2000 % 743 1300 1007 [%2 7
240 1867 3370 2087 5 o 880 1L00 890 o0
Fert.S1 mean 1701 2925 2674 °' 615 868 740
0 660 660 660 660 130 130 130 1.30
sendy 60 730 1263 927 973 160 260 240 220
>nd 120 780 1607 1370 1252 1171 220 333 300 284 265
180 810 2097 1897 16.01 250 423 380 351
240 880 17.07 1517 13.68 280 380 363 341
Fert.S2 mean 772 1467 1274 208 305 283
Fert, Mean 1237 2196 19.50 412 584 511
LSD 0.05
Sail () 011 0.05
Fertilizer (F) 013 0.07
Level (L) 017 0.08
SXF 0.19 0.09
SXL 0.24 0.38
XL 0.30 0.46
SXEXL 0.42 0.65

Also, the results (table 2 and 3) showed the effect of soil
texture on the yield of straw, grains and TDM which
increased by 106.5, 178.9 and 119.8% in clay loam soil
compared with the sandy loam soil, respectively. The first
soil superiority in the increase of these indicators is due to
the higher nitrogen and phosphorus content, as well as the
higher exchange capacity, clay and higher organic matter
compared to the second soil (Al-Saedy, 2000; Al-Abdaily,
2005).

Phosphorus Uptake

The results (table 3) showed a significant effect of the
study factor (P level, fertilizer type and soil texture) on P
uptake by plant. Increasing added phosphorus levels of 60,
120, 180 and 240 kg ha™ led to increasing phosphorus
uptake by plant of 88, 162, 273 and 263% respectively, for
each P level compared with the control. According to the
results, it could be observed that the third level (180 kg hal
) had superiority in achieving the higher phosphorus
uptake by plant. The increase in the level of addition of
phosphorus is due to increased its availability and
increased its uptake in the plant and its contribution to the
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physiological processes within the plant (photosynthesis
and respiration) and its introduction in the formation and
maturation of seeds as well as the formation of a radical
system that is efficient in absorbing water and nutrients,
These results are consistent with Khan et al., (2010),
Sandana and Pinochet (2014) and Rami et al. (2015).

The results (table 3) showed that the type of fertilizer
significantly increased P uptake in plant by 117 and 26%
with DAP compared with and NP and TSP respectively.
The superiority of the first fertilizer is attributed to the
other two fertilizers for their high solubility and its supply
to phosphorus (Memon and Puno, 2005; Ali et al., 2012).
The results showed a significant effect of soil texture on
phosphorus uptake by plant. The phosphorus uptake by
plant had increased in clay soil of 246% compared with
the sandy loam soil The first soil superiority over the
second is due to the increase in these two indices due to
increased nitrogen, phosphorus and clay content and the
exchange capacity of positive ions and organic matter (Al-
Saedy, 2000; Zheng et al., 2003; Yasin et al., 2007).
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TABLE 3. Effect type and level of phosphate fertilizer on TDM and P uptake in both two soils

-1 -T

i = : TDM (g pot™) IF:a-vel il P uptake (mg pot™) Plevel  Soil
Kgha NP DAP TSP mean mean NP DAP TSP mean  mean
0 1943 19.43 19.43 1943 3544 3544 3544 344
60 21.10 3293 29.33 27.79 4218 8578 6217 63.38

Clay 120 2260 4053 36.63 33.26 3157 51.39 112.71 9226 85.46 8437
180 2523 5177 4417 40.39 ' 60.38 165.36 13356 119.77 ’
240 2747 4470 3877 36.98 69.21 15835 12590 117.82

Fert.S1 mean 2317 37.87 33.67 51.72 11153 89.87
0 790 790 790 7.90 6.88 6.88 6.88 6.88

Sandy 60 890 1517 1167 1191 10.16 2344 1534 16.31

loam 120 10.00 19.40 16.70 1537 1436 1456 3578 2538 2524 2441
180 10.60 25.20 22.77 19.52 18.84 53.03 4184 3791
240 11.60 20.87 18.80 17.09 2292 4692 3736 3573

Fert.S2 mean 9.80 17.71 1557 1467 3321 25.36

Fert. mean 16.48 27.79 24.62 3320 7237 5761

LSDO0.05

Sail (S) 0.12 0.88

Fertilizer (F) 0.14 1.08

Level (L) 0.18 1.40

SXF 0.20 153

SXL 0.26 1.97

FXL 0.32 242

SXFXL 0.45 342

TABLE 4. Effect type and level of phosphate fertilizer on response percent and PUE in both two soils

P Response (%) P Soil PUE (%) P Soil
Kgha® NP DAP TSP '@ e NP DAP TP € e
mean mean

Sail 60 791 4119 3373 2791 2067 6381 4633 44.99
120 1400 5205 4695 37.61 2627 67.96 48.09 46.06
180 2208 6246 5599 47.15 3941 3415 8398 67.24 61.79 51.08
240 2024 5653 49.87 4521 3519 71.19 4807 51.49

Fert.S1 mean 1854 53.06 46.63 2007 7174 5243
60 121 4791 3229 3047 10.16 2399 17.15 17.59
120 2100 5028 5270 4432 , .. 1028 2562 2057 1955 ..,
180 2547 6865 6530 5314 %2 1046 2778 2158 1922
240 3190 6213 57.97 50.67 11.62 1848 13.95

Fert.S2 mean 2240 5949 52.06 1063 2348 1831

Fert. Mean 2047 56.28 49.35 19.85 47.85 3537

LSD 0.05

Sail (9) 0.36 0.65

Fertilizer (F) 0.44 0.80

Level (L) 0.50 0.92

SXF 0.62 113

SXL 0.71 1.30

FXL 0.87 159

SXEXL 1.24 225

Response percent and P use efficiency (PUE) The
results shown in Table (4) the effect of phosphorus level
significantly in the response percent and PUE efficiency.
Increasing added phosphorus levels of 60, 120, 180 and
240 kg ha* led to increasing response percent by 41, 73,
65% and PUE was 1.4, 27.3 and 3.2%, respectively. The
increase in the response percent and PUE are due to the
increased level of phosphorus in the soil, which has
increased uptake in the plant, increasing its activity in the
biological processes and supplying the energy needed to
carry out these processes in the plant (Baker and Pilbeam,
2007). These results had agreed with Hossain and Sattar
(2014) and Sandana Pinochet (2014). The level 180 kg
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P,0Os ha® achieved higher response percent and PUE
which represented the optimum level of wheat
requirements to achieve maximum response under the
conditions of current study. The obtained results had
agreed with those of Al-Obaidi (2005) and Y osefi et al.
(2011). The results (table 4) showed that the fertilizer type
had a significant effect on the response percent and
fertilizer efficiency. The response percent in DAP 175 and
15% compared to NP and TSP, respectively while the
PUE was 141 and 35% in DAP compared to NP and TSP
fertilizers respectively. The fertilizer efficiency used in
this study can be arranged as follows: DAP <TSP <NP.
Al-Abdaily (2005) found that fertilizer was DAP is more
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efficient compared to TSP and NP as it showed the highest
response percent and efficiency of fertilizer use in total
yield of wheat plant. The results are also agreed with
Amanullah et al. (2010), Khan et al. (2010) and Ali et al.
(2012).The results showed that the soil texture was
significantly affected on the response percent and PUE.
The highest response percent for the total wheat yield in
sandy loam soil was 44.62%, whereas in clay soil it
decreased by 39.41%. The response percent in sandy loam
soil was 13.3% this is due to the low availability of sandy
sand soil and the low content of clay, organic matter and
CEC and that any addition of phosphorus through
fertilizers leads to high response in the plant (Al-Saedy,
2005; Al-Arkawizi, 2010). The PUE increased by 190% in
clay soils compared to the sandy |oam soil. The superiority
of the first soil, compared with the second soil in fertilizer
use efficiency was due to the highest availability of
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phosphorus, clay content and organic matter (Olsen and
Watanabe, 1969).

Correlation Relationships

The results of the regression analysis (tables: 6, 7 and 8)
showed a positive linear correlation between the level of
addition of phosphorus to the NP fertilizer with the plant
indicators in both soil table (5) and the highest correlation
coefficient (r) were with the P uptake of (0.999) confirms
that increasing the level of addition of phosphorus has
increased its availability in both soil under study
conditions, which contributed to increase its uptake in the
plant and increase the indicators of the other plant and the
response was a linear increase in a positive indicating that
the release of phosphorus from NP fertilizer and supply of
the plant did not supply the need of wheat plant even at
the last level of the addition (240 kg P,Os ha') under the
study conditions Current.

TABLE 5. The relationship between plant parameters and P level of NP fertilizer according to the linear equation

Clay Sandy |oam soil

Parameter Equation rx Equation r

Straw yield Y =15.974 + 0.014X 0.706 Y =6.680+ 0.0087X 0.992
Grainyield Y =3.756 + 0.020X 0982 Y =1.300 + 0.0065X 0.991
Total dry matter Y =19.124 + 0.034X 0994 Y =7.980 + 0.015X 0.996
P uptake Y =34.572 + 0.143X 0999 Y =6.520 + 0.068X 0.999
Response percentage Y = 0.290 + 0.122X 0.997 Y =5.760 + 0.111X 0.988
PUE Y =16.210 + 0.086X 0.966 Y =9.490 + 0.0076X 0.877

*r value at 0.05 and 0.01 levels are 0.878 and 0.959

TABLE 6.The relationship between plant parameters (Y) and P level of DAP fertilizer according to the quadratic equation

Clay soil Sandy |oam soil

Parameter Equation R* Equation R

Straw yield Y =14.92+0.23X - 6.21x 10°X®>  0.985 Y =6.18+0.14X —3.65x 10°X>  0.971
Grainyield Y =3.70 + 0.06X — 1.21 x10™X? 0.939 Y =1.26+0.03X — 1.35%? 0.988
Total dry matter Y =18.64+ 0.29 - 7.44 x10* X? 0.976 Y =7.42+ 0.16X — 4.29x10*X? 0.973
P uptake Y =3374+0.97X - 1.77x10-3X?> 0.983 Y =550+ 0.38X — 8.02x10*X? 0.979
Response percentage Y = 17.96 + 3.83X — 3.06X? 0.974 Y =24.12+4.11X - 3.9X2 0.978
PUE Y =41.13 + 3.67X - 3.15X? 0.794 Y =10.90 + 353X — 4.17X2 0.936

*R value at 0.05 and 0.01 levels are 0.878 and 0.959.

TABLE 7.The relationship between plant parameters (Y) and P level of TSP fertilizer according to the quadratic equation.

Clay sail Sandy |oam soil

Parameter Equation R* Equation R

Straw yield Y =14.73+ 0.19X - 4.91x10°X*>  0.980 Y =6.18+0.14X —3.65x10°X*  0.930
Grain yield Y =3.91 + 0.049X — 1.13X? 0.968 Y =1.26+0.03X —1.35X? 0.513
Total dry matter Y =18.63+0.23X - 6.02x10°X? 0980 Y =7.42+0.16X —4.29x10*X?  0.946
P uptake Y =31.18+ 0.70X — 1.14x10°X?  0.975 Y =550+ 0.38X + 8.02x10"X?*  0.961
Response percentage Y = 8.10 + 4.11X — 3.38X? 0.989 Y =24.12+4.11X - 3.39X? 0.994
PUE Y =20.18 + 3.73X — 3.46X? 0.688 Y =10.90 + 3.53X —4.17X? 0.973

*R value at 0.05 and 0.01 levels are 0.878 and 0.959.

The results (tables: 7 and 8) showed a significant positive
quadratic equation between the level of addition of
phosphorus to DAP and TSP with plant indicators in both
soil. These equations were the most efficient in describing
the relationship between the addition of phosphorus to
DAP and TSP compared with NP fertilizer. These
relationships or response curves can predict the response
of wheat plant to the added phosphorus as well as
determine the optimal level to achieve the highest response
and maximum plant yield. Many researchers have found
such relationships (Fageria et al., 2008; Alrashidi and
Alrekani, 2010; Renata and Gorski, 2014).
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CONCLUSION

DAP was the most efficient in increasing the phosphorus
availability and increasing all the plant parameters
compared with others phosphate fertilizers (NP and TSP)
and the 180 kg P,Os ha® level gave the highest value for
all plant parameters.
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