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ABSTRACT

A field experiment was conducted on a gypsiferous sandy clay loam soil to examine the effects of
blending Triple superphosphate (TSP) with urea on N, P concentrations in plant and growth
parameters of broad bean. The experiment was a factorial randomized complete block design (RCBD)
with three replicates. The first factor was type of application as briquettes which include T1 (one layer
of TSP between two layers of urea) and T2 (one layer of urea between two layers of TSP), the second
factor was application depth (5 and 10 cm D1 and D2), and the third factor was application rate (1.0,
1.25, and 1.50 as much as N and P fertilizer recommended for broad bean, R1, R2 and R3). Broad
bean was planted and the following growth parameters were taken: plant height, no. of leaves, plant
dry weight, chlorophyll content, leaf area, N and P concentration in plant. Results showed that the
following treatments: T1 of blending (briquette no. 1), D1 and R2 were significantly superior over
other treatments in all growth parameters and N, P concentration in plant. The triple interaction
treatment T1D1R2 was significantly superior over other treatments with values reached 60.99 cm,
442.7 leave plant™, 20.32 cm?, 63.87 Spad, 5.59 g plant®, 5.55 %, and 0.27 %, respectively for plant
height, no. of leaves plant™, leaf area, chlorophyll content, plant dry matter, N and P conc. in plant.

Keywords: TSP, urea, fertilizer blending, gypsiferous soils.
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INTRODUCTION

Gypsiferous soils in Iraq comprise 88,000 km?
(20%) of the total area (15), and it is
characterized by a reduced fertility. These
soils are poor in organic matter content which
ranged between (0.2 - 1.0%) in surface
horizons to 0.2% in sub horizons, therefore
total nitrogen content is low and it barely reach
21 mg kg® (4). Gypsiferous soils are also
suffer from a shortage in available phosphorus
which ranged between 3- 5 mg kg™ because of
the chemical transformations which act
towards the formation of more stable
compounds due to the high soluble calcium
concentrations (35). Therefore, management of
such soils require more attention to fertilizer
application especially for nitrogen and
phosphorus. One of the common methods of
fertilizer application is through the dual
application of nitrogen (N) and phosphorus (P)
fertilizers (19). The most common and widely
used N and P fertilizers are urea and triple
superphosphate. Tisdale and Nelson,1975 (33)
stated that when a soluble phosphate and
ammonium nitrogen are applied together in a
band, plant roots proliferate extensively in that
area. Combining urea with a P fertilizer offers
several advantages, uniform and simultaneous
application of the two nutrients, and reduced
distribution costs (11). The agronomic
effectiveness of urea could be improved when
combined in an intimate mixture with triple
superphosphate  (TSP) (12), or single
superphosphate  (SSP) (1). The acidic
properties of TSP and its reaction with urea in
fertilizer- soil microsites could reduce the
toxicity of banded urea due to free ammonia
generated during hydrolysis of urea (13).
Unfortunately, urea is not recommended to be
granulated or blended with TSP due to
incompatibility with TSP (27). Frazier et
al.,1967 (17) attributed the undesirable
properties of mixtures of urea and TSP to the
formation of CO(NH;), — HsPO,4 and CaHPOQy,
based on the chemical composition and results
of hygroscopicity tests of simulated product
mixtures. Ali & Majeed, 2016 (2) stated that
the ammonium source of nitrogen NH; * -N
(like urea) in the medium leads to a greater
amount of dissolved phosphorus compared to a
source Nitrate (NOs-N). There are two
approaches of mixing urea and TSP, the first is
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compaction which is a process whereby two or
more fertilizer carriers are finely ground,
mixed then re aggregated by passing through a
series of rollers in a compaction process and it
proved superiority and efficiency in acidic
soils, and the second is blending which is the
dry mixing of urea and TSP (29). It is well
known that urea hydrolysis could result in a
temporary increase in soil pH and an
accumulation of NH4" (13, 22) and the
increased pH and NH; should lead to the
dissolution of organic matter, which is not
favored in arid regions. From the other hand,
short term localized effect of banding TSP
with urea reduced soil pH increases from urea
hydrolysis and reduced NH3 concentrations in
the fertilizer band, alleviating early toxicity to
plant growth (14) thus added P effects were
due not only to reduced NH3 concentrations,
but reduced pH, and increased NOs/ NH4
ratios in the soil. Banding urea with TSP
increased P fertilizer uptake efficiencies and
corn vyields, which is probably the major
advantages of banding urea with TSP
mixtures. Chien et al., 1987 (7) found that urea
hydrolysis can be beneficial in increasing the
availability of P from phosphate rock (PR) to
plants in soils having medium to high organic
matter contents. Widdowson and Penny, 1969
(36) found that yield from the fertilizers
containing urea phosphate were larger than
from those containing superphosphate alone,
and also the urea phosphate was safer than
urea alone. Soil extractable P (Mehlich I11I),
Total N, P uptake by corn, fertilizer P use
efficiency and grain yield were increased by
banding urea with TSP (12). It is obvious from
the above review that there is a synergistic
effect of N and P upon application of urea with
TSP. Lu et al, 1987 (23) compared the
influence of three methods of fertilizer
placement (surface placement, incorporation,
and deep placement) on a calcareous soil and
found that Olsen P in the soil treated with urea
plus TSP was higher than the soil treated with
DAP and plant yields obtained with urea +
SSP were higher than those obtained with
DAP regardless of the method of fertilizer
placement. Fertilizer placement in soil, which
refer to precise application of specific fertilizer
formulations close to seeds or plant roots to
ensure high nutrient availability, may be a
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more effective alternative to broadcast
application (27). Borges and Mallarino, 2001
(6) evaluated the response of corn to broadcast
or deep band (15- 20 cm depth) placements in
15 site — years, and found that both placements
usually were similarly effective for P, and that
deep banding often was superior for K.
Nkebiwe et al.,, 2016 (28) stated that the
placement of urea and soluble P resulted in
27.3 % higher yield than broadcasting. Rose
and Diaz, 2015 (31) evaluated the effects and
interactions of fertilizer placement, tillage, and
varieties of soybean and corn, and found that
there were advantages for deep band
application for soybean and broadcast
application for corn.In This study broad bean
will be used as a test crop because it is a
promising crop in gypsiferous soils and It
occupies an important place among food
security crops due to its high content of protein
and fiber (20) in addition to being a source of
energy and its grains is considered the
cheapest source of protein compared with the
costly animal protein (3) as well as its
importance in improving soil properties
through the contribution of plants to fixing
atmospheric nitrogen in symbiosis with
Rhizobia bacteria (10). The objective of this
study was to examine the effect of blending
TSP with urea on N, P concentration in plant
and growth of broad bean in a gypsiferous soil.
MATERIALS and METHODS

Preparation of the experimental field

A field experiment was conducted on a sandy
clay loam soil at the fields of college of agric.
- Tikrit Univ. Table 1 shows some properties
of the field soil before planting which were
analyzed according to the standard methods
mentioned in Page et al., 1982 (30), while
CEC was determined by the method of Savant
(1994). The texture of the soil was Sandy Clay
Loam as was determined by the method
mentioned by Day (1965). The soil classified
as Typic Haplogypsids. The field was prepared
through reduced tillage. Experimental units
were prepared in field at 3 * 2 m plots leaving
1 m between replications and between plots.
The experimental design was factorial in a
randomized Complete Block Design (RCBD)
with three replicates.

Study factors: The study consisted of three
factors, the first was type of application
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(briquette 1 and briquette 2 given the symbols
T1 and T2), the second was application depth
(5 and 10 cm given the symbols D1 and D2),
and the third was application rate (1, 1.25, and
15 as much as N and P fertilizer
recommended for broad bean given the
symbols R1, R2, and R3). The number of
experimental units were 36 units.

Preparation of the briquettes: The briquettes
were prepared as cuboid granules by putting a
cellophane film to take a cuboid shape
corresponding to the weight of the fertilizer
(NP) required for each plant and three rates
were made for each briquette (1, 1.25, and 1.5
as much as NP fertilizer recommended for
broad bean) as mentioned earlier. Briquette no.
1 was made by putting one layer of TSP
between two layers of urea in the cuboid shape
cellophane container and were glued by acacia
(Arabian gum) at a ratio (1: 1 acacia: water)
and were let dry for overnight. Briquette no. 2
was made by putting one layer of urea between
two layers of TSP in the cuboid shape
cellophane container and were glued by acacia
(Arabian gum) at a ratio (1: 1 acacia: water)
and were let dry for overnight.

Fertilizer  application:  Fertilizer NP
briquettes were calculated on the basis of plot
area and this quantity was distributed as one
briquette per plant in which depth of
application was taken into consideration where
the briquettes were placed 5 cm beside the
seed while the depth was variable (5 and 10
cm). The recommended fertilizer rate was 100
kg N ha® and 52 kg P ha®, while potassium
was applied as potassium sulphate equally to
all experimental units at 33 kg K ha™ (26).
Fertilizers were applied as a single dose upon
planting.

Broad bean planting: The variety used was
the Spanish variety Luz De Otono. The seeds
were grown at rows at 35 cm between plants
and 75 cm between rows on 15 Oct 2017. Two
seeds were placed at a 5 cm depth and a
distance of 5 cm from the fertilizer zone
(which  contain the assigned fertilizer
briquette) and were thinned to one plant after
emergence. Irrigation was achieved according
to the water requirements of the plant. The
first harvest of the green pods was on 9 March
2018 and the last was on 22 of April 2018,
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which collect 6 harvests. The vyield was
cumulative for the whole growing season.

Measurements and analyses: The plants
were sampled for each plot and for each
measurement. The following measurements
were taken at the end of the season: plant
height, No. of leaves, plant dry weight, N and
P conc. In plant (%), and the chlorophyll
content which was measured by the
chlorophyll meter (Spad) by taking the average
of five plants at 65 days’ stage. Concentrations

of N and P in plant were determined after
achieving the wet digestion of the plant
material by acids, according to the method
proposed by Gresser method mentioned in
Cresser and Parsons, 1979 (8).

Statistical analyses: Statistical analyses were
carried out using procedures mentioned in the
statistical Analysis System (32) and Duncan
test was used to compare means at 0.05
significance level.

Table 1. Some physical and chemical properties of the soil used in the study

Property Value Property Value Property Value
Particle size distribution Available macro nutrients Soluble lons

(g kgh (mg kg* soil) (cmolkg™)
Clay 200 N 31 Ca 18
Silt 250 P 56 Mg 0.8
Sand 550 K 119.44 Na 0.17
Textural class SC.L K 0.022
EC (ds m?) 2.77 Cl 048
pH 75 SO, 1.98
Organic matter (g kg™) 2.5 HCO; 0.33
CEC (Cmole+ kg™) 15
CaCO; (g kg™ 261
CaS0,.2H,0  (gkg?h 44.5

RESULTS and DISCUSSION

Plant height (cm): Table 2 shows the effect of
briquette type, application depth, and
application rate on plant height. The main
effect of T factor was in favor of T1 over T2
with values reached 49.44 cm and 46.49 cm,
respectively which means that briquette no. 1
was significantly superior over briquette no. 2.
The main effect of D factor was in favor D1
treatment over D2 with values reached 49.52
cm and 46.40 cm, respectively which means
that D1 was significantly superior over D2.
The main effect of R factor was in favor of R2
which was significantly over R1 and R3 with
values reached 42.24 cm, 54.84, and 46.81 cm,

respectively, which means that the
recommended dose for broad bean issued by
the ministry of agriculture for the whole soils
of Irag and which is adopted by farmers in
areas where gypsiferous soils are dominated is
not sufficient to fulfill the plant needs of
nutrients in such soils. The triple interaction
was significant and the treatment TLID1R2 was
significantly superior over other treatments
with a value reached 60.99 cm which is the
outcome of briquette no. 1 and the shallow
depth and the second rate of application. The
least value 41.11 cm in this interaction was for
the treatment T2D2R1.

Table 2. Effect of briguette type, application depth and rate of application on plant height (cm)

R1 R2 R3 Mean of D*T
D1 T1 H 4401 A 60.99 E 49.26 A 5142
T2 I 42.29 C 5316 F 4741 B 47.62
T1 J 1 4155 B 5471 G 46.09 B 47.45
D2 T2 J 4111 D 5048 H 44.48 C 4536
Mean of D
D1 E 4315 A 57.08 C 4833 A 4952
D2 F 4133 B 52.60 D 45.29 B 46.40
Mean of T
T1 E 4278 A 5785 C 4767 A 4943
T2 F 4169 B 5182 D 4595 B 46.49
Mean of R C 4224 A 5484 B 46.81
No. of leaves which was significantly superior over briquette

The effect of briquette type, application depth,
and application rate is shown in table 3. The
main effect of T factor was gained by briquette
no. 1 with a value reached 351.3 leave plant™,

no. 2 which achieved 335.8 leave plant™. The
main effect of D factor was in favor of D1
treatment (5 cm) which was significantly
superior over D2 (10 cm) with values reached
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349.6, 337.6 leave plant™ respectively for D1
and D2. The main effect of R factor was for
R2 treatment (1.5 recommended) fertilizer
which was significantly superior over the two
rates R1 and R3. The values were 238.6, 415.8
and 376.3 leave plant™, respectively for R1,

R2, and R3. The triple interaction was
significant and was recorded by the treatment
T1D1R2 with a value reached 442.7 leave
plant™, while the least value was recorded by
the treatment T1D1R1 with value reached
232.5 leave plant’.

Table 3. Effect of briquette type, application depth and rate of application on no of plant

leaves
R1 R2 R3 Mean of D*T

D1 T1 K 2325 A 4427 D 399.0 A 358.1
T2 J 2357 C 409.8 F 377.9 C 3411
D2 T1 | 243.6 B 4225 G 367.7 B 3446
T2 I 2429 E 388.2 H 360.5 D 3305
Mean of D
D1 F 2341 A 4263 C 3885 A 349.6
D2 E 2432 B 405.3 D 364.1 B 337.6
Mean of T
T1 E 238.0 A 4326 C 3834 A 351.3
T2 E 2393 B 398.0 D 369.2 B 335.8

Mean of R C 238.7 A 4158 B 376.3

Leaf area (cm?):

Table 4 shows the effect of briquette type,
application depth and application rate on the
plant leaf area. The main effect of T factor
favors the significant superiority of T1
(briquette no. 1) over T2 (briquette no. 2) with
values reached 15.16 cm? plant™ and 13.5 cm?
plant. The main effect of D factor was not
significant with values reached 14.3 and 14.4
cm? plant™, respectively for D1 and D2. The

main effect of R factor was significant, where
the treatment R2 was significantly superior
over R1 and R3 with values reached 11.6, 16.9
and 14.4 cm? plant™, respectively for R1, R2,
and R3. The triple interaction was significant
and illustrating that the treatment TID1R2 was
significantly superior over the treatments with
values reached 20.32 cm? plant™, while the
least value was recorded by the treatment
T2D1R1 with value reached 8.9 cm? plant™.

Table 4. Effect of briquette type, application depth and rate of application on leaf area (cm?

R1 R2 R3 Mean of D*T
D1 T1 H 9.79 A 20.32 C 15.97 A 15.36
T2 I 890 B 16.66 E 13.94 D 13.17
D2 T1 E 14.36 C 15.64 D 14.90 B 14.97
T2 F 1343 D 14.96 G 12.86 C 13.75
Mean OF D
D1 E 935 A 18.49 C 14.95 A 1426
D2 D 13.90 B 15.30 D 13.88 A 14.36
Meanof T
T1 E 12.08 A 17.98 C 15.43 A 1516
T2 F 11.17 B 15.81 D 13.40 B 13.46
Mean of R C 11.62 A 16.90 B 14.42

Chlorophyll content (SPAD)

The effect of study factors T, D, and R is
illustrated in table 5. Where it is obvious from
the main effects of these factors that treatment
T1 was significantly superior over T2 in other
words briquette no. 1 was superior with value
reached 48.6 SPAD over briquette no. 2 which
record 45.5 SPAD. The treatment D1 was also
significantly superior over D2 with values
reached 49.05 SPAD and 45.00 SPAD,

respectively. The second rate of application
which represent 1.25 of the recommended rate
for broad bean was significantly superior over
R1 and R3, the values were 36.00 SPAD,
57.61 SPAD, and 47.50 SPAD, respectively
for R1, R2, and R3. The triple interaction
treatment T1D1R2 with value reached 63.87
SPAD was significantly superior over other
treatments, while the least value (32.85 SPAD)
was achieved by the treatment T2D1R1.
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Table 5. Effect of briquette type, application depth and rate of application on chlorophyll

content (SPAD)
R1 R2 R3 Mean of D*T

D1 T1 H 38.23 A 6387 E D 5034 A 5082
T2 J 32.85 B  60.06 E 48.93 B 47.28

D2 T1 H 37.87 C 5461 F  46.56 B 46.34
T2 | 35.06 D 5188 G  44.05 C 4366

Mean of D

D1 E 3554 A 6197 C 4964 A 49.04

D2 E 36.46 B 53.25 D 4530 B  45.00

Mean of T

T1 E 38.05 A 59.24 C  48.45 A 48.58

T2 F 3396 B 5597 D 46.49 B 4547

Mean of R C 36.00 A 5761 B  47.47

Dry matter (g plant™)

Table 6 shows the effect of study factors T, D,
and R on dry matter of plant. It is clear from
the main effects of these factors that T1 proved
to be significantly superior over T2 which
means that briquette no. 1 with value reached
3.99 g was superior over briguette no. 2 which
had the value 3.37 g. while for the factor D the
treatment D1 was significantly superior over
D2 which means that placement of fertilizer at
5 cm depth was better than 10cm for broad
bean in this soil. The values attained were 4.00
g and 3.36 g, respectively for D1 and D2.
When examining the factor R it was noticed

that the treatment R2 (the rate 1.25 of the
recommended fertilizer for broad bean) was
significantly superior over R1 and R3 with
values reached 2.68 g, 4.41 g, and 3.96 g,
respectively for R1, R2, and R3. The triple
interaction of the three factors T, D, and R
shows that the treatment T1D1R2 is
significantly superior over other treatments
and achieved the value 5.59 g, while the least
value (2.07 g) was recorded for the treatment
T2D2R1 which means that the treatment
T1D1R2 achieved 62% increase over the
treatment T2D2R1.

Table 6. Effect of briquette type, application depth and rate of application on plant dry
matter (g plant ™)

R1 R2 R3 Mean of D*T

D1 T1 D E 321 A 559 B 432 A 437

T2 E 295 B 474 D E 320 B  3.63

D2 T1 F 248 C 387 B 451 B 362

T2 G 207 DC 344 cC 381 c 31

Mean of D

D1 D 308 A 517 C 376 A 400

D2 E 228 C 366 B 416 B 3.36

Mean of T

T1 E 285 A 473 B 441 A 400

T2 F 251 C  4.09 D 351 B 337

Mean of R C 2.678 A 441 B 3.96

Nitrogen concentration in plant (%) respectively. The main effect of factor R was
Table 7 illustrate the influence of study factors in favor of treatment R2 which was

T, D, and R on N concentration in plant. The
main effect of factor T explain that treatment
T1 was significantly superior over T2 with
values 3.97% and 3.46%, respectively. While
the main effect of factor D reveal that
treatment D1 was significantly superior over
D2 with wvalues 3.93% and 3.49%,
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significantly superior over the other rates of
application. The values were 2.87%, 4.60%,
and 3.67%, respectively for R1, R2 and R3.
The triple interaction was recorded by the
treatment TID1R2 with value 5.55% while the
least value was recorded by the treatment
T2D2R1 with value reached 2.40%.
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Table 7. Effect of briquette type, application depth and rate of application on Nitrogen
concentration in plant (%o)

RO R1 R2 Mean of D*T

D1 T1 G F 321 A 5.55 C D 4.09 A 4.28
T2 G F 3.05 E D 374 D 3.95 B 3.58

D2 T1 G 2.81 B 4.69 E F 344 B 3.65
T2 H 2.40 C B 441 G F 319 C 3.33

Mean of D

D1 C 3.13 A 4.65 B 4.02 A 3.93

D2 D 2.60 A 4,55 C 3.32 B 3.49

Mean of T

T1 D 3.02 A 5.12 C 3.77 A 3.97

T2 E 2.73 B 4.08 C 3.57 B 3.46

Mean of R C 2.87 A 4.60 B 3.67

Phosphorus concentration in plant (%)

The influence of study factors T, D, and R on
N concentration in plant is explained in Table
8. The main effect of factor T explain that
treatment T1 was significantly superior over
T2 with values 0.22% and 0.18%, respectively.
While the main effect of factor D reveal that
treatment D1 was significantly exceeded over
D2 with values 0.21% and 0.19%,

respectively. The main effect of factor R was
in favor of treatment R2 which was
significantly superior over the other two rates
of application. The values were 0.15%, 0.23%,
and 0.22%, respectively for R1, R2 and R3.
The triple interaction was recorded by the
treatment T1D1R2 with value 0.27% while the
least value (0.12%) was recorded by the
treatment T2D2R1.

Table 8. Effect of briquette type, application depth and rate of application on phosphorus
concentration in plant (%o)

R1 R2 R3 Mean of D*T

D1 T1 F 0.8 A 0.27 B 025 A 024
T2 G 0.16 D 0.22 F 0.19 C 0.19

D2 T1 H 0.14 C 024 C 023 B 021
T2 I 012 E 020 D 0.22 D 0.18

Mean of D

D1 Cc 017 A 024 B 0.22 A 021

D2 D 0.13 B 0.22 B 0.23 B 0.19

Mean of T

T1 E 0.16 A 0.26 B 024 A 022

T2 F 014 Cc 021 D 0.20 B 0.19

Mean of R C 015 A 0.23 B 022

We adopt the blending technique in this study
because of the restraints on the use of
compacted urea plus TSP combinations due to
the formation of the reaction product that
forms an adduct which is viscous saturated
solution that makes the mixture wet and sticky
(17). From the review of results of this study it
is revealed that the treatment T1 was
dominated over the treatment T2 in all the
growth parameters and N, P concentration in
plant, this may be due to the beneficial effect
of urea which surround the TSP granules in
briquette no. 1, this effect may include urea
hydrolysis and subsequent pH increase, NH;"
accumulation and dissolution of organic matter
during urea hydrolysis, which result in a
reduced P fixation and enhanced P diffusion in
soil, which is in accord with results of Ouyang
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etal., 1999 (29) study in acid soils, which aims
to increase P fertilizer efficiency in acid soils
by compacting or blending TSP with urea. It is
clear that the effect of urea in briquette no. 1 is
prevalent over the effect of TSP which
surround urea in briquette no. 2. While in
briquette no. 2 the TSP is surrounding urea
and because of the acidic properties of TSP
which slightly inhibit the above mentioned
action urea, this acidic action is the basis in
mixing urea with TSP i.e. to reduce the
toxicity of banded urea due to free ammonia
generated during hydrolysis of urea (14). This
means that there are an interaction of different
reactions taking place in the intimate
proximity of TSP — Urea and the sum of the
reactions tends to favor the urea effect because
urea hydrolysis could be beneficial in
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increasing the availability of P from TSP.
Results of the factor D (depth of application)
was in favor of D1 treatment (5 cm) in all the
growth parameters and N, P uptake studied.
The superiority of D1 treatment may be due to
the urea effect because the depth of urea
fertilizer placement is the most effective
compared to the depth of P fertilizer
placement, especially when N is placed at a
shallow depth, this may be explained by
nitrogen being a mobile nutrient in soil in
contrast to phosphorus (19; 21). Most
references assure that plant growth did not
respond to the depth of P fertilizer placement
(5) for corn and Mallarino and Borges, 2006
(23) for soybean. Our results are in agreement
with Hansel et al., 2017 (18) who found that
the shallow band applied fertilizer (5 *5 cm) to
side and below seed was the best over surface
and deep band applications. From the other
hand there is an evidence that deep banding of
P may increase both early growth of corn but it
did not translate into higher grain yield (24; 6).
While in their study about P placement
methods Fernandez and Schaeter, 2012 (16)
compared broadcast application of P with deep
banded application for corn and soybean and
found that subsurface banding reduced P levels
in the surface and increased them at the point
of application or deeper with the highest rate,
while broadcast application increased surface
levels. It is revealed from results of the effect
of R factor (rate of fertilizer application) on
growth parameters and N, P uptake that the
treatment R2 was significantly superior over
other treatments (R1 and R3). The results
assure that the recommended rate of
application of N and P for broad bean (R1) is
not suitable for this crop in gypsiferous soils,
this may be due to the chemical and fertility
characteristics of these soils which is poor in
most nutrients and in organic matter (4). The
increase in R2 values for all the growth
parameters studied explain that these soils
need more amounts of fertilizer N and P to
fulfill crop needs. The increase of R2 over R1
reached 30%, 74%, 45%, 60%, 65%, 60%, and
52% for plant height, no. of plant leaves, leaf
area, chlorophyll content, dry weight of plant,
N concentration, and P  concentration,
respectively. This is in accord with results of
Ouyang et al, 1999 (29); Fan and
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Mackenzie,1995 (14). The treatment R3 was
significantly superior over R1 but it was
significantly lower than R2, so it must not be
adopted due to the unjustified waste of nutrient
application which was not reflexed on the
plant parameters (27).

CONCLUSION

Two methods of blending urea with TSP for
broad bean fertilization in a gypsiferous soil. It
was found that method no.l (briquette no. 1)
which include a layer of TSP surrounded by
two layers of urea was significantly effective
in increasing values of plant growth
parameters and plant N, P concentration. It
was also found that placing the blended
fertilizer at 5 cm depth was significantly
superior over the 10 cm depth for all the
growth  parameters and plant N, P
concentration. The fertilizer recommendation
currently followed for broad bean fertilization
was found unsuitable for this crop in
gypsiferous soils. The second level which was
one and quarter fold (1.25) as much as the
current recommendation was superior in all
growth  parameters and plant N, P
concentration, while the third level which is
(1.50) as much as the current recommendation
caused a decrease in growth parameter values
relative to the second rate (1.25).
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