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Abstract

A field experiment was conducted during the two successive seasons of 2015/2016 and 2016/2017 at Central
Laboratory for Agricultural Climate (CLAC), Agricultural Research Centre, Dokki, Giza governorate, Egypt to
study the effect of two green bean cultivars (Paulista and Samantha) and three rates of rock phosphate (fine and
granules) as a natural resource of P mixed with sand substrate in comparison with calcium superphosphate with
recommended level on growth and yield of green bean (Phaseolus vulgaris L.) under plastic house conditions.
Regarding the green bean cultivars, Paulista gave higher plant height, number of leaves, canopy and root fresh
and dry weight than Samantha cultivar. Paulista cultivar produced the highest values of total pod yield per plant
during the two successive seasons. Increasing phosphorus level (fine or granule rock phosphate) up to 150%
enhanced pod yield with both used cultivars. The highest vegetative growth and yield were obtained from 150%
fine rock phosphate combined with Paulista cultivar. Tissue nutrient analysis show that increase phosphorus level
by rock phosphate source led to increase nutrient percentage for NPK in green beans leaves in comparison with
recommended phosphorus dose applied as calcium superphosphate. The economic consideration among
phosphorus and different P sources revealed that fine rock phosphate with Paulista cultivar gave the highest net
income per greenhouse.

Keywords: Natural fertilizer, phosphorus use efficiency, plant analysis, vegetables and economical consideration.

Introduction

The green bean (Phaseolus vulgaris L.) is widely
grown around the world; it is one of the most
important nutritious crops for human consumption. In
general, green bean in legume family has the first rank
in the world according to FAO Stat (2013). The
nutritional benefits and contribution of beans to
human health is recognized targeting human ailments
like cancer, diabetes and heart diseases (Haugen and
Bennink, 2003). Phosphorus (P) is the major essential
macronutrient in soils after nitrogen (N) which plays
an important role in plant development and growth.
Phosphorus involved in many reactions in plants such
as energy transfer, photosynthesis, respiration, as well
as transfer of genetic characteristics in plants
(Johnston and Steen, 2000).Poor soil fertility,
particularly phosphorus, consider one of the main
factors responsible for low crop yields in arid regions.
Total P in soils is very high, but is very low available
(Liu et al., 1994). Only around 10% of applied P is
immediately available for plants, the rest converted
into insoluble compounds or adsorbed to soil particles
(Mongi, 1974). Phosphorus fertilization improves
quality of vegetable fruits, and grain crops because
increases their resistance to diseases as well as
drought and adverse environmental conditions.
Phosphorus is a major component of compounds
whose functions which relate to plant growth and
productivity (Raboy, 2003). Phosphorus is one of the
most sufficiently determinants of plant growth (Wang
et al., 1998). Growth and development of plants
depends largely on the development of root system.

Phosphorus intensify root growth, which improves the
water and other nutrients absorption and translocation
to the growing parts of the plants, resulting in an
increased photosynthetic process and then better
production. (Robinson et al., 1981) reported the effect
of phosphorus in stimulating root and plant growth,
initiation of nodule formation as well as influencing
the general efficiency of the rhizobium bacteria.

The availability of plant nutrients in soil depends
on soil chemical and physical properties. P deficiency
reduces plant growth and crop productions especially
in arid and semi-arid areas with calcareous soils
(Bargaz et al., 2016). (Hinsinger, 2001) reported that
the two forms of phosphorus in soil are organic and
mineral. Organic phosphorus is the more available
form of phosphorus in the soil. While inorganic
phosphorus is stable. Therefore, mineral phosphorus
is readily absorbed and used by crop if it is not fixed.
(Nikolay Vassilev et al., 1996) reported that organic
phosphorus form is mineralized and immobilized by
microbes’ activities. Mineralization is the conversion
of organic phosphorus to inorganic phosphorus, while,
the immobilization of phosphorus involves the
formation of organic phosphorus from inorganic
phosphorus.

Rock phosphate (RP) is one of the indigenous
phosphate sources in many countries. The phosphorus
content in the rock is ranged from 25 to 31 % P,Oswith
low solubility (Adetunji, 2005). Application of rock
phosphate has been proved to be beneficial to plant
growth and productivity (Akande et. al., 2008). The
methods of enhancing the quality of phosphate rock
and its agronomic efficiency include composting RP
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with organic manures, partially acidulating with
mineral acids and compacting with super phosphate
(Adediran and Sobulo, 1997).

The objective of this study was to investigate the
growth and productivity of green beans under
different applications of different sources of P in
sandy culture under plastic house conditions.

Materials and methods

This experiment was conducted at Central
Laboratory for Agricultural Climate (CLAC),
Agriculture  Research  Centre, Dokki, Giza
governorate, Egypt under plastic house conditions
(9m width x 60m length x 3.25m height) during the
two successive seasons of 2015/2016 and 2016/2017.

Plant material:

Seeds were obtained from Sueze Canal Company
for agricultural and commercial development. Two
cultivars (Paulista and Samantha) were sown on first
of November in the both cultivated seasons. Two
seeds were planted directly in each pot.

System materials:

Plastic pots 8 L (25 cm diameter x 30 cm height)
were used, the pots were filled by sand in open system
of sand culture. Sand was primarily washed with
diluted nitric acid to get rid from the undesirable salts,
then with running tap water to wash nitric acid
compounds from the sand.

After sand was getting dry, it mixed with Rock
Phosphate in different rates regarding to the
treatments under the study and the pots were filled in

Table 1. Chemical constituents of rock phosphate.

specific volume 8 L. Black polyethylene sheets were
mulched the soil of unheated plastic house before

The pots were arranged in rows. The final plant
spacing was 30 cm in the row, 60 cm between the rows
and between the double rows was 70 c¢cm. The
chemical fertilizers were injected with drip irrigation
system. Sub-miserable pump (110 watt) at water tank
120 L for each experimental plot was used to pump
the fertigation via emitters” 4 I/hr capacity. The
fertigation was programmed to work 4 times / day and
the duration of irrigation time depended upon the
season. All the other agricultural practices of green
bean cultivation were carried out according to
Ministry of Agriculture and Land Reclamation
(2013).

The studied treatments:

The experiment was designed to study the effect of
three factors on snap bean yield as follows:

1. Three rates of rock phosphate as a natural
resource of phosphorus mixed with sand substrate
calculated on the standard recommended of green
bean program fertilization and the rock phosphate
content of P as follows:

a. 100 % of recommended = 10.0 g fine or granule
rock phosphate / plant (P-100%)

b. 125 % of recommended = 12.5 g fine or granule
rock phosphate / plant (P-125%)

c. 150 % of recommended = 15.0 g fine or granule
rock phosphate / plant (P-150%)

d. The control (using super phosphate (15.5 % P,0s)
during plant growth period according to the short snap
bean program fertilization (40 units of P,Os during
season)

SiO2 TiO2 Al203 Fe203 MnO MgO CaO
Component % 19.15 0.06 1.13 0.89 0.02 0.22 41.25
Na.O K20 P20s CL SOs F L.O.1
0.57 0.07 20.95 0.39 1.21 1.94 11.50

Measurements
Samples of plants of each experimental treatment
were taken to determine growth parameters at 60 days
from the sowing as follows:
Number of leaves.
Plant height.
Stem diameter.
Vegetative fresh weight.
Vegetative dry weight.
Root fresh weight.
. Root dry weight.
Yield:
Total yield per plant was recorded as g/plant.
Pods quality:
1. Pod weight.
2. Pod length.
3. Pod diameter.
4. Fibers content.

Nook~wbdRE

Chemical properties of pods were determined

1. Fibers were determined in dry samples according
to A.O.A.C., (1990).

Leaf mineral content:

For mineral analysis, wet digestion was performed
according to FAO SOILS BULLETIN: 0.5g oven —
dried plant material was added in 50 ml volumetric
flask and digested with 10 ml H,SO. conc. on a hot
plate at approximately 270 °C. Few drops of H,O, was
added repeatedly until the digest remains clear. The
solution left to cool and diluted to 50 ml with
redistilled water according to the method described by
Allen (1974).

1. Total nitrogen was determined by Kjeldahl method
according to the procedure described by FAO (1980).
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2. Phosphorus content was determined using
spectrophotometer according to Watanabe and
Olsen (1965).

3. Potassium content was determined photometrically
using Flame photometer as described by Chapman
and Pratt (1961).

Statistical analysis:

The treatments were arranged as a factorial
experiment in randomized complete blocks designed
with three replications. Analysis of the data was
determined by computer, using SAS program for
statistical analysis and the differences among means
for all traits were tested for significance at 5 % level
according to the procedure described by (Waller and
Duncan 1969).

Economical considerations:

The economical analysis after considering the cost
of phosphorus application for one greenhouse (1200
m?). The incomes from potato yield were used
(CIMMYT, 1988) according to the formula:
Net Income = value of obtained yield - cost of
cultivation inputs and practices

Results and discussion
Vegetative characters:

The application of different rates of fine and
granule rock phosphate had significant effect on plant
heights of the two varieties (Paulista and Samantha)
during the two studied seasons (Table 2). Paulista
cultivar produced higher plant height, number of
leaves per plant, canopy and roots fresh and dry
weight (Table 2 and 3) values than Samantha cultivar
during the both seasons. The highest plant height,
number of leaves, canopy and roots fresh and dry
weight were obtained by 150% (the highest P
application) followed by 125% of recommended P
dose for both fine and granule rock phosphate, the
control (100% P applied by calcium super phosphate)
produced the lowest plant growth (plant height,
number of leaves, fresh and dry weight). Stem
diameter of green bean show that there were no
significant differences between rock phosphate levels,
while all rock phosphate treatments had significant
difference compared to control treatment. There were
no significant differences between Paulista and
Samantha cultivars in terms of stem diameter. The
same trend was obtained during second season.

Table 2. Effect of application of different rates of rock phosphate forms as well as two green bean cultivars on
plant height, number of leaves and stem diameter.

First season 2015/2016

Second season 2016/2017

Treatments Paulista Samantha Means Paulista Samantha Means
plant height (cm)
Granul 100% 44.8 de 45.3d 45.0 CD 47.4 de 48.0d 47.7 CD
Fine 100% 46.4 cd 45.3d 45.9 CD 49.2 cd 48.1d 48.6 CD
Granul 125% 47.7 ¢ 47.7 ¢ 47.7B 50.3¢ 50.4 ¢ 50.5B
Fine 125% 47.8 bc 44.3 de 46.1C 50.7 bc 47.0 de 48.9C
Granul 150% 49.4 bc 47.8 bc 48.6 B 52.8 bc 50.7 bc 51.6 B
Fine 150% 52.6a 49.6 b 511 A 55.8 a 52.6b 54.2 A
Control 43.3 e 46.0 cd 44,7 D 459 e 48.8 cd 47.4 D
Means 474 A' 46.6 B' 50.3 A’ 49.4B'
Number of leaves
Granul 100% 53.3 bc 47.7 de 50.5C 53.9 cd 49.5 de 51.7C
Fine 100% 58.7 ab 48.3 de 53.5 BC 55.5¢ 49.6 de 52.5C
Granul 125% 58.0 ab 48.3 de 53.2 BC 61.2b 51.2d 59.2 B
Fine 125% 62.7 a 51.3cd 57.0 AB 65.4 a 54.4 cd 59.9 A
Granul 150% 61.0a 51.7 cd 56.3 AB 65.3a 55.4 ¢ 60.4 A
Fine 150% 60.3a 54.7 bc 575 A 68.0 a 56.0 ¢ 61.8 A
Control 48.0 de 43.7 e 45.8 C 50.9d 46.3 e 48.7 D
Means 57.4 A' 49.4 B' 60.0 A’ 51.8 B’
Stem diameter (cm)
Granul 100% 1.13 abe 1.13 abe 1.13 A 1.20 abe 1.19 abe 1.19 A
Fine 100% 1.17 ab 1.13 abe 1.15 A 1.24 ab 1.19 abe 1.21 A
Granul 125% 1.17 ab 1.15 abe 1.16 A 1.24 ab 1.24 abe 1.24 A
Fine 125% 1.20 a 1.13 abe 1.16 A 1.20 a 1.20 abe 1.24 A
Granul 150% 1.20a 1.10 abe 1.15 A 1.27 a 1.17 abe 1.23A
Fine 150% 1.27 a 1.20a 1.22 A 1.28a 1.27 a 1.31A
Control 0.97 be 0.90¢e 0.95B 1.03 be 0.99e¢ 1.02B
Means 1.16 A’ 11T A 1.23 A’ 1.17 A'

It could be concluded that Samantha cultivar had
significantly lower plant height, number of leaves,
canopy and roots fresh and dry weight than Paulista as
well as increasing application of rock phosphate up to

150% led to increase measured vegetative characters
in comparison with control. Similar observations were
reported by Raghothama (1999) who concluded that
sufficient P makes efforts to increase physiological

Annals of Agric. Sci., Moshtohor, Vol. 56 (2) 2018



Evaluation of Natural and Chemical Phosphorus Fertilizers on Plant Growth, and Yield of Some 352

process and dry matter accumulation of root and
shoot. Where as inadequate supply of P led to slow the
growth of the plant by reducing the water uptake of
the root system. The role of phosphorus in enhancing
root growth, which in turn improves the ability of
crops for phosphate acquisition. Phosphorus
application in green beans is known to have positive
effects on enhancing root proliferation and thus
enhancing soil water and nutrients uptake (Haugen
and Bennink, 2003). Liu et al., (1994) observed that
at early growth stages, plants use seed reserves for
their establishment and little utilization of phosphorus

to develop root system, which can scavenge the
nutrients around themselves. Thus higher root
development would be an important trait for adapted
genotypes in exploring large soil volume hence soil
moisture Hossain and Hamid (2007). Tesfaye et al.,
(2007) reported that there were significant increase in
number of pods per green beans plants, due to
increased P fertilization. Thus the increment of
number of pods per plant due to application of
phosphorus fertilizers confirms with phosphorus
fertilizer promotes formation of nodes and pods in
legumes.

Table 3. Effect of application of different rates of rock phosphate forms as well as two green bean cultivars on
plant fresh and dry weight, root fresh and dry weight.
First season 2015/2016

Second season 2016/2017

Treatments Paulista Samantha Means Paulista Samantha a Means

Plant fresh weight (q)
Granul 100% 326.3d 242.2 i 2844 F 328.2d 244.1i 286.6 F
Fine 100% 333.1d 272.1q 3025 E 334.2cd 273.9¢ 304.3E
Granul 125% 350.4¢ 289.1f 320.3D 352.5¢C 290.3 f 322.4D
Fine 125% 345.1cd 310.3e 328.3C 347.3¢ 3125¢e 330.1C
Granul 150% 365.3b 375.2b 370.4B 368.1b 378.2b 374.2B
Fine 150% 390.2a 382.5ab 386.6 A 393.5a 385.3b 389.6 A
Control 259.2 h 280.4 fg 269.2 G 260.4 h 281.5 fg 271.3 G
Means 3385 A" 307.4 B’ 340.6 A 309.5B'

Plant dry weight (q)
Granul 100% 779¢ 51.7f 64.8 EF 78.3¢C 52.1h 65.2 EF
Fine 100% 76.3¢C 57.3e 66.8 DE 76.7¢ 57.7f 67.2 DE
Granul 125% 75.1c¢c 61.7 de 68.4D 75.7 C 62.0¢ 68.8 D
Fine 125% 75.3¢ 68.0d 716 C 75.8¢ 68.4d 72.1C
Granul 150% 77.7¢c 82.5b 80.1B 78.2¢ 83.2b 80.7B
Fine 150% 90.6a 84.8b 87.7 A 91.2 a 85.5b 88.4 A
Control 65.0d 59.7 ¢ 62.3 F 65.3 de 60.0 ef 62.6 F
Means 76.8 A' 66.5 B’ 77.3 A" 66.9 B’

Root fresh weight (g)
Granul 100% 156.3 g 158.5¢g 1574 F 159.4 gh 156.4 h 1584 F
Fine 100% 172.5 fg 164.3¢g 168.4 E 166.6 fg 173.3 f 169.6 E
Granul 125% 218.2d 207.4 e 213.3D 208.3 e 220.5d 2145D
Fine 125% 237.1¢c 236.3¢C 237.2C 237.2¢C 239.4 ¢ 238.3C
Granul 150% 267.3b 243.2 ¢c 246.3 B 2454 ¢ 269.3b 257.4B
Fine 150% 287.3 a 261.1b 274.2 A 262.8b 289.3a 276.5 A
Control 1734 f 153.3¢g 163.4 EF 153.5h 1744 f 164.4 EF
Means 216.2 A’ 203.5B' 2175 A’ 304.3B'

Root dry weight ()

Granul 100% 45.8 gh 46.5 gh 46.1F 46.0g 46.8 g 46.4 F
Fine 100% 50.7 fg 48.3¢g 495 E 509 f 48.6 fg 498 E
Granul 125% 64.2 d 60.8 e 62.5D 64.7 d 6l.1le 62.9 D
Fine 125% 69.8 ¢ 69.4 cd 69.6 C 70.3¢c 69.7 c 69.9C
Granul 150% 78.4b 71.3¢C 74.8 B 79.0 b 71.9 be 75.4 B
Fine 150% 84.4a 76.6 b 80.5 A 85.0a 77.2b 81.1A
Control 51.0f 449 h 479 EF 51.2 f 4519 48.2 EF
Means 63.4 A’ 59.6 B' 63.8 A’ 60.1 B’

Yield and yield components:

The data in Table (4) showed that there were
significant differences among the tested treatments
during the both studied seasons. Paulista cultivar had
significant higher total pods yield per plant than
Samantha cultivar during the two studied seasons.
Regarding the comparison of different phosphorus

levels from rock phosphate with the common
recommendation by calcium superphosphate (control)
the highest phosphorus (150%) level gave the highest
snap bean pods weight per plant followed by 125% of
recommended P, the lowest total pods weight per plant
was obtained from control.
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Table 4. Effect of application of different rates of rock phosphate forms as well as two green bean cultivars on
total yield per plant, pod length, pod diameter, pod weight and fibers percentages.

First season 2015/2016

Second season 2016/2017

Treatments Paulista Samantha Means Paulista Samantha Means
Total yield /plant (g)
Granul 100% 373.4d 3425¢ 357.9D 380.9d 354.4 de 367.6 D
Fine 100% 412.7c 337.1¢ 3749 CD 421.0c 349.0e 384.8 CD
Granul 125% 4125¢ 349.6 de 381.3C 423.5¢ 361.6 de 3925C
Fine 125% 439.0 be 350.2 de 394.3BC 451.2 be 360.0 de 405.6 BC
Granul 150% 457.0b 350.5 de 403.7B 471.2b 362.0 de 416.6 B
Fine 150% 513.3a 466.4 b 489.8 A 540.6 a 479.1b 509.8 A
Control 292.1f 266.3 f 279.2 E 301.0f 273.3f 287.2 E
Means 4143 A’ 351.8 B 4271 A’ 362.8 B
pod length (cm)
Granul 100% 15.15¢ 15.26 ¢ 15.21C 15.40 bc 14.67 cd 15.10 DC
Fine 100% 15.25¢ 15.23 ¢ 15.24C 15.10 bc 15.03 ¢ 15.11 DC
Granul 125% 15.26 ¢ 1532 ¢ 12.29 BC 15.27 bc 14.43d 14.85 D
Fine 125% 15.43 bc 15.17 ¢ 15.30 BC 15.60 ab 15.07 be 15.33 BC
Granul 150% 15.63 ab 15.27 ¢ 15.458B 15.47b 15.63 ab 15.55 AB
Fine 150% 1584 a 15.42 bc 1563 A 1593 a 15.67 ab 15.80 A
Control 15.10 ¢ 1451 d 1481 D 14,53 d 15.40 bc 14.97D
Means 15.38 A" 15.17 B' 15.33 A’ 15.13 B*
pod diameter (cm)
Granul 100% 0.70 de 0.67 de 0.68 C 0.74 cd 0.70d 0.72E
Fine 100% 0.76 bc 0.66 e 0.71C 0.77 bc 0.69d 0.73 DE
Granul 125% 0.75 bcd 0.69 de 0.72C 0.79 bc 0.72 cd 0.75 DE
Fine 125% 0.74 cd 0.68 de 0.72C 0.80b 0.75¢ 0.77 BC
Granul 150% 0.79 ab 0.71d 0.75B 0.84a 0.76 bc 0.79B
Fine 150% 0.84 a 0.75cd 0.79 A 0.88a 0.79 bc 0.83 A
Control 0.74 cd 0.67 cd 0.70C 0.77 bc 0.70d 0.73 DE
Means 0.76 A" 0.69 B' 0.79 A’ 0.73B'
pod weight (gm)
Granul 100% 8.50 ¢ 8.66 ¢ 8.47C 8.90d 8.93d 891D
Fine 100% 8.45¢c 8.44c 8.55C 8.87d 9.13d 8.99 D
Granul 125% 8.78 bc 8.66 C 8.75BC 9.45cd 9.49 cd 9.47C
Fine 125% 9.14 bc 8.72bc 9.05B 9.40 cd 9.40 cd 9.39C
Granul 150% 9.26 bc 8.95 bc 9.07B 10.29b 9.67c 9.97B
Fine 150% 10.67 a 8.89 bc 9.99 A 11.20 a 10.13 b 10.66 A
Control 8.50¢c 9.33¢ 8.63BC 9.36 cd 9.03d 9.19CD
Means 9.07 A’ 8.79 B' 9.63 A’ 9.38 B'
Fiber content (%)
Granul 100% 9.27 a 9.30a 9.28 A 9.74a 9.77 a 9.75 A
Fine 100% 9.02h 9.22 ab 9.12BC 947hb 9.68 ab 9.57BC
Granul 125% 8.93b 9.15ab 9.04 BCD 9.38b 9.57 ab 9.47 BCD
Fine 125% 8.99b 8.98 b 8.98 CD 9.44b 9.48b 9.46 CD
Granul 150% 8.82b 9.16 ab 8.99 CD 9.26 b 9.62 ab 9.44 CD
Fine 150% 8.92b 8.92b 8.92D 9.37b 9.37b 9.36 D
Control 9.25ab 9.17 ab 9.21 AB 9.71 ab 9.63 ab 9.67 AB
Means 9.03B' 9.12 A’ 9.48 B' 9.58 A’

The current results show that plants grown with
recommended P fertilizer from  calcium
superphosphate had the lowest pod yield. Average pod
diameter, pod length and pod weight took the same
trend like total pod weight. Fiber content took another

trend, control treatment had the highest fiber content
followed by 100% of P; the lowest fiber content was
obtained by 150% P. the same results was obtained by
(Hossain and Hamid, 2007) who concluded that
reduction in pod number was mainly caused by failure
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of fertilization due to production of non-viable pollen
grains under such conditions. Similarly, the number of
pods per plant was significantly reduced by low P
probably due to increased flower abortion. Generally,
yield was mostly reduced at lower P levels and
increased at higher P levels in all tested cultivars.
Similarly, (Haugen and Bennink, 2003) observed
that reduction in yield is largely due to reduction in
number of pods per plant. It could be concluded that
the phosphorus fertilizer had a major effect on the
productivity of bean plant, hence increased total yield
and its components. It may be attributed to the
enhancement of phosphorus on the plant growth and
it’s reflected on the yield. Many investigators had
obtained a similar trend of results (Farag et al., 2010
and Marschner, 1995). (Roy and Parthasarathy,
1999) who found that green bean pod yield was the
highest with 120 kg units per hectare of P compared
to lower rates. Generally, the amount of photosynthate
available for biomass production is related to the plant
leaf area and the photosynthetic rate of the crop. The
quality of green bean expressed as fiber contents was
enhanced with increasing concentration of foliar
application with nutrients. This may be due to
increasing plant availability of nutrients led to reduce
fiber contents (Tantawy et al., 2009). This increment
in dry matter accumulation with application of P

fertilizer might be due to the adequate supply of
phosphorus which attributed to an increase plant
canopy. This in turn increased photosynthetic area and
number of pods per plant.  Furthermore,
(Moniruzzaman et. al., 2008) who reported that
average weight and length in green bean was
significantly increased as phosphorus application rate
increased from 0 to 80 kg P.Os ha, and remained
relatively constant at higher P rates (120 kg P»Os ha’
1. The significant variation between the two cultivars
might be attributed to the genetic potential of the
cultivars and the cultivars and environment responses
(khan et al., 2003).

Nutrient percentage:

The obtained results in Table 5 showed that the
phosphorus and bean cultivar treatments significantly
affected the uptake of NPK by bean plant during the
two growing seasons. Paulista cultivar had higher
NPK percentage than Samantha during the two
studied seasons. Increasing uptake of P level led to
increase nitrogen percentage in bean leaves. Applied
phosphorus by using fine or granule natural rock
phosphate was significantly affected NPK percentage
in bean leaves than using calcium super phosphate as
source of phosphorus fertilizer (Talbi-Zribi et al.,
2014 and Cakmak et. al., 1994).

Table 5. Effect of application of different rates of rock phosphate forms as well as two green bean cultivars on
nitrogen, phosphorus, potassium percentages of leaves.
First season 2015/2016 Second season 2016/2017

Treatments Paulista Samantha a Means Paulista Samantha Means

N %
Granul 100% 2.67 de 2.63¢ 2.65C 2.80 ¢ 2.75f 277F
Fine 100% 2.67 de 2.68 de 2.68 C 2.81le 2.81e 2.80 E
Granul 125% 2.69 de 2.70d 2.69 C 2.86d 2.85 de 2.85D
Fine 125% 2.79 ¢ 2.73 cd 2.76 B 293¢ 2.87d 2.89C
Granul 150% 2.84 bc 2.77cd 2.80B 2.98b 2.91 cd 2.94B
Fine 150% 3.17a 287D 3.02 A 3.39a 3.02b 3.20A
Control 2.6le 2.68 de 2.64C 2.69¢ 2.74 271G
Means 2.78 A' 2.72 B’ 2.92 A 2.85B'

P %
Granul 100% 0.42¢e 0.38d 0.40D 0.44 ¢ 0.41f 0.42D
Fine 100% 0.42¢e 0.38d 0.39D 0.45 de 0.40 fg 0.42D
Granul 125% 0.47 ¢ 0.43 de 0.45C 0.49¢ 0.45 de 0.47C
Fine 125% 0.46 cd 0.45d 0.46 C 0.50c 0.47d 0.48 C
Granul 150% 0.51b 0.47¢c 0.49B 0.54b 0.49 ¢ 0.51B
Fine 150% 0.55a 0.48 ¢ 051 A 0.58a 0.50¢c 0.53 A
Control 0.38d 0.37d 0.37 E 0.40 fg 0.39¢ 0.39 E
Means 0.46 A' 0.42 B' 0.48 A' 0.44 B'

K %
Granul 100% 2.54 ef 255¢e 255F 2.66 g 2.679 2.66 G
Fine 100% 2.68d 251f 259 E 2.80 de 2.65¢ 272 F
Granul 125% 2.71 cd 2.58 ¢ 2.65 D 2.85 cd 2.73 f 2.79 D
Fine 125% 2.74 ¢ 2.70 cd 2.72C 2.88 ¢ 2.83d 2.85C
Granul 150% 285D 2.68d 2.77B 2.99b 2.82d 2.90 B
Fine 150% 291a 2.74 ¢ 2.83 A 3.05a 2.88¢ 2.96 A
Control 2.64d 2.64d 2.94 D 2.74 ef 2.77¢ 2.75D
Means 273 A’ 2.63 B’ 2.85 A’ 2.76 B
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Increasing percentage of rock phosphate led to
increase NPK percentage up to 150 %. Increasing
phosphorus percentage led to increase both nitrogen
and potassium percentage in bean leaves (Hinsinger,
2001, Kouas et al., 2008 and Farag et al., 2010).

The Economic consideration of different applied
phosphorus treatments

The average costs of using different phosphorus
levels and sources for two green beans cultivars
during the two seasons are shown in Table (6). The
economic evaluation considered the cost of granule
600 L.E and fine rock phosphate 550 as well as cost
of calcium superphosphate is 1100 L.E/ton (average
for the two seasons). In this study all the other costs of
production such as labor, inputs, irrigation etc. are not
included because they were the same as in different

tested treatments.

The application phosphorus cost per greenhouse
was calculated under different applications (100-125
and 150% of recommended dose). The highest
phosphorus costs was under control treatment (100
L.E/ GH) followed by 150% (60 LE/GH) of granule
rock phosphate treatment; the lowest cost was
calculated for 100% fine rock phosphate (37 L.E/GH).
The highest net income was gained by 150% of fine
rock phosphate with Paulista cultivar followed by
using 150% of fine rock phosphate with Samantha
cultivar. The lowest net income was obtained by
control treatment with the both tested cultivars. The
yield increased with the increasing in phosphorus
levels from 100 to 150 kg P per GH, these increasing
of the yield with the150 kg P per GH was covered the
additional cost of fertilizer with plenty incremental
income. Fine rock phosphate gave higher yield than
granule phosphate while the cost of fine rock
phosphate is lower than granule one.

Table 6. Average economic analysis of green bean production under differences on gross profit due to the
application of different phosphorus levels during the two seasons.

3 Avge. Yield Average Grass P Unit Applied P total . Net Incremental
> P o ield / - . Cost income .
£ Source P % yie Kg price income Cost P LE LE income
8 kg/pot GH LE/ kg GH LE/ Ton kg/ GH GH GH L.E/GH
» 100% 0.38 2514 12572 600 67 40 12532 2746.4
Sy E
S ;?’ 2 125% 0.42 2787 13934 600 83 50 13884 4098.1
S o
(O] ey
B 8- 150% 0.46 3094 15471 600 100 60 15411 5624.9
=}
g ~ o 100% 0.42 2779 13896 550 67 37 13859 4073.1
S ®
% §- 125% 0.45 2967 14837 550 83 46 14792 5005.7
c 2
Lo 150% 0.53 3513 17566 550 100 55 17511 7725.0
=
€ 100% 0.30 1977 9885 1100 91 100 9786 0.0
38 5.00
o 8 100% 0.35 2323 11616 600 67 40 11576 2681.4
= ©
S5 X
S é § 125% 0.36 2371 11854 600 83 50 11804 2909.7
— o
c O <
ﬁ 8- 150% 0.36 2375 11876 600 100 60 11816 2921.4
©
% ~ o 100% 0.34 2287 11436 550 67 37 11399 2504.7
n g b=
?f) gl 125% 0.36 2367 11837 550 83 46 11791 2897.2
c e
Lo 150% 0.47 3152 15759 550 100 55 15704 6809.9
100% 0.27 1799 8994 1100 91 100 8894 0.0

Control
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Conclusion

Results from this study showed that the application
of rock phosphate as a source of P, improves the
growth and seed yield of green beans. However, using
150% of fine rock phosphate with Paulista cultivars
gives the best growth and yields in comparison with
using calcium superphosphate with the recommended
dose.
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