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Abstract

A pot experiment was conducted in the green house of College of Education/ Scientific
Departments , University of Salahaddin/Erbil, to study the effect of five levels of tea residues
(0.0, 0.5, 1, 1.5, 2 ton donum™), four levels (0.0, 50, 100 and 150 Kg donum™ of P,Os) of
phosphorus fertilizer and their combination on phosphorus availability and Chickpea growth.
The experiment was a factorial on the basis of completely randomized design with three
replications. The results were indicated that the application of tea residues in different levels
had a significant effect at (p<0.01) and (p<0.05) on available phosphorus in soil, plant
phosphorus concentration, total dry matter and relative growth rate, where the highest values
(9.83 mg kg, 4.57mg g, 4.34 gm pot” and 0.074 g g’ plant’ day’, respectively) were
produced by this treatment (T;). Also, tea residues and phosphorus fertilizer combination,
affected significantly (p<0.01 and p<0.05) on available phosphorus, plant phosphorus
concentration, total dry matter and relative growth rate of chickpea, where the highest values
(17.41mg kg, 6.57 mg g, 8.67 g pot” and 0.138 g g”' plant day™") were produced from the

combination treatment (T,P;) compared to control.
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Introduction

Chickpea (Cicer arietinum L.) is belongs
to genus Cicer, family Fabaceae. Chickpea is
the third important food legume of the world
and it is an important field crop of Iraq,
being cultivated either in irrigated fields or
in fields without irrigation. Almost all the
produce (88%) was obtained from the
northern region of Iraq  where climatic
conditions are more congenial to its
production than in other parts of the country
(Chakravarty 1976). Tea is a popular
beverage in most countries and its
consumption is increasing, also it is the part
of human life and a cheap drink, therefore
tea is the most preferred drink after water
and has been increased all over the world
(Adiloglu and Adiloglu 2006). Phosphorus
(P) is an essential plant nutrient that may
limit plant growth and agricultural
productivity if not available for plant uptake
in sufficient quantities at the time required.
Phosphorus availability affected by many
factors such as amount of clay, type of clay,
time of application, aeration, compaction,
moisture, phosphate status of soil,

temperature, other nutrients, crop and soil
pH were summarized by Gupta (2004). In
alkaline soils, availability of phosphorus is
determined largely by the solubility of the
calcium compounds in which the phosphate
is found. At pH more than 7.0 phosphate
ions quickly reacts to form less soluble
compounds like tri-calcium phosphate.
Although this compound is quite insoluble, it
may be converted further in the soil to even
more insoluble compounds like hydroxy
apatite, chloro- apatite and fluorapatite.
This problem is more serious in soils where
excess CaCO; is present (Gupta 2004).
Many Kurdistan soils are calcareous
soils, thus they are deficient in available P,
despite a long history of P fertilizer
application, and this is due to the fertilizer P
is rapidly becoming unavailable largely
through biochemical fixation. The resulting
low P fertilizer efficiency and coupled with
rapidly rising cost of fertilizers, has
increased interest in biological cycling of P
from other sources such as crop residues.
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A different investigations were carried
out to study the effect of organic matter of
plant residues particularly on availability of
phosphorus and crop yield such as Abdullah
et al.,(2000), Nziguheba et al.,(2000),
Edmeades (2003), El-Dewiny et al.,(2006),
Zeidan (2007), Awodun (2007a) and
Awodun (2007b). Both the need of nutrients
to support a maximum plant growth and
environmental conditions needed may vary
from crop to another. Because of the large
amount of tea consumption and making a
large amount of tea residues, It is convenient
to use these tea residues in agriculture
management, since investigation to study
the effect of tea residues on availability of
nutrients particularly on phosphorus are rare.
Thus, the objectives of this study are: to
determine the effect of tea residues on
phosphorus availability and to increase the
efficiency of P use when tea residues are
applied to crops, and to determine the effect
of tea residues on growth, yield and P
content of chickpea.

Materials and Methods

This research was conducted in the
green house of College of Education/
Scientific  Departments, University of
Salahaddin—Erbil to study the effect of
consumed tea residues and phosphorus
fertilizer on phosphorus availability and
chickpea growth. The experiment was a
factorial on the basis of completely
randomized design including two factors and
three replications, the first factor involved
tea residues using five levels (0.0, 0.5, 1, 1.5,
2 ton donum”), the second factor was
phosphorus fertilizer including four levels
(0.0, 50, 100 and 150 Kg P,0Os donum™) and
their combination with available phosphorus,
plant phosphorus concentration, plant height,
total dry matter and RGR of chickpea. Hence
20 experimental treatments were tested, in
each replicate making the total of 60 pots.
Each pot packed with 7 kg of air-dried soils
after sieve it through 4 mm sieves, and 5
seeds of chickpea were planted in each pot
(Table 1). Plants were irrigated with tap
water to maintain soil moisture near field
capacity and weeding done was needed. The
soil was collected from Askikalak region.
The chemical and physical characteristics of
the studied soil that are present in the table
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(1) were determined according to methods
described by Richards (1954); Black (1965)
and Allen (1974).

Plant sampling: Plant samples were dried at
65C° for at least 48 hours .After weighting
and grinding with stainless steel mill the
samples were stored for chemical analysis.

Plant analysis: Plant samples were digested
according to Allen (1974) by using H,0, and
H,SO, (1:1 v/v) . The phosphorus content
was determined by using ammonium
molybdate SnCl, method as described by
Allen (1974).

Statistical analysis: The collected data was
statistically analyzed by the computer using
SPSS programme. The pair comparisons
were performed by Tukey's MSD procedure
at 5% and 1% level of probability (Steele
and Torrie 1969).

Physical properties
Sand | 690.80

Particle Size Distribution g | Silt 257.10

(Kg") Clay | 52.10
Textural name Sandy loam
Saturation (%) 29.50
Field capacity (%) 14.58
Chemical properties
pH 7.79
ECe dS (m™) 0.61
Organic matter (g Kg") 8.20
Total CaCO; (gKg") 270
Active CaCO; (gKg") 38.00
Total Nitrogen (g Kg") 0.336
Total Phosphorus (g Kg") 0.112
Available Phosphorus (mg Kg™) 2.73
CEC Cmolc (Kg") 19.68
Cation (mm L)
Calcium 2.00
Magnesium 0.75
Potassium 0.62
Sodium 0.86
Iron 0.0096
Anion (mm L7
Chloride 1.45
Bicarbonate 1.99
Carbonate 0.00

Table 1: Some Physical and Chemical Properties
of soil under study.

Results and discussion

The data analysis present in table (2)
and figure (1) revealed that tea residues
significantly (p<0.05 and p<0.01) affected
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on available phosphorus in soil, plant
phosphorus concentration, total dry matter
and relative growth rate. The results showed
that the highest values (9.83 mg kg™, 4.57
mg g, 434 g pot’ 0.074 g g plant day™”)
were recorded by the treatment (T,), while
the lowest values (3.38 mg kg™, 0.85 mg g™,
1.94 g pot'0.034 g g' plant day’) were
recorded by the treatment (T,). These results
could be explained on the ground that the
organic matter increases the solubility of
phosphate in two mechanisms and may be
responsible for that; organic anions compete
with phosphate ions for the binding sites on
the soil particles, or may be complex organic
anions chelate Al”, Fe™ and Ca™ and thus
decrease the phosphate precipitating power
of these cations. In addition the organic
matter itself contains phosphorus. Also data
in the same table revealed that application of
high levels of tea residues beyond (0.5 ton
donum™) reduce the available phosphorus in
soil, plant phosphorus concentration and
total dry matter. The reason may be due to
that inorganic phosphates may be
immobilized by the microorganisms
attacking the organic material and fewer
phosphates will be available for the plants.
Also the other probable reason for
decreasing the above mentioned parameters
in case of application (T,, Ts;, and T4)
treatments may be due to that the application
of higher levels of tea residues to soil, and
these higher levels may be decomposed or
mineralized by microbial activities. This
mineralization led to release of some
micronutrient such Fe, Mn and Cu, which
present originally in tea residues of soil
solution. It is well known that these
microelements fix phosphorus chemically
then finally reduce the available phosphorus
and reacted nutrients. A similar result and
explanation has been reported by Somani
and Kanthaliya (2004) and Adiloglu and
Adiloglu (2006).

The data in table (3) indicated that
combination between tea residues and
phosphorus fertilizer affected significantly
(p<0.01) and (p<0.05) on available
phosphorus (mg kg'), plant phosphorus
concentration (mg g), total dry matter (gm
pot™) and relative growth rate (g g plant day”
" of chickpea. The combination treatment
(TyP,) produced high values of available
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phosphorus, plant phosphorus concentration,
and total dry matter (17.41 mg kg, 6.57 mg
g"' ,8.67 gm pot” and 0.138 g g”' plant day™,
respectively), but the lowest values (2.31 mg
kg', 0.32 mg g, 1.24 gm pot” and 0.030 g
g plant day’, respectively) of the above
parameters were obtained from the
combination treatment (ToPy). This result
could be explained that organic matter builds
and improves soil structure, thereby
improving soil drainage, infiltration of water
into the soil, aeration and water-holding
capacity, as well as soil organic matter
increase the cation exchange capacity of a
soil and provides a neutralizing or buffering
effect on soil pH (preventing rapid changes
in pH). In addition, the incorporation of
organic matter reduced the pH of the soil and
increased the availability of phosphorus,
because organic compounds can protect
phosphorus from fixation by masking the
fixation sites on the soil colloids, and by
forming organic complexes with Ca and
other ions, thereby, limiting the reaction of
these ions with phosphorus. In addition, the
organic matter application can enhance soil
aggregation formation and structure stability,
resulting in decreased bulk density and
increased porosity. The improved soil
structure may supply better condition for
plant root elongation and respiration by
proper aeration in soil and drainage of
excess water. These results and
interpretations agree with those reported by
Somani and Kanthaliya (2004).
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Figure 1: Effect of tea residues on available soil
phosphorus, plant phosphorus concentration and
total dry matter.
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Treatments Available Phosphorus | Plant Phosphorus Total Dry Matter RGR
(mg kg™) (mg g") (gm pot™) (g g" plant day™ )

T, 3.38 0.85 1.94 0.034
T, 9.83 4.57 4.34 0.074
T, 6.69 3.59 2.89 0.059
T, 4.70 3.66 2.63 0.050
T, 5.40 3.52 2.70 0.048

Tukey's
(1% and 5%) 2.13 1.16 0.59 0.005

Table 2: Effect of consumed tea residues on available phosphorus in soil, plant phosphorus
concentration, total dry matter and relative growth rate.

Consu‘med P Fertilizer Available Ph(zlsphorus Plant Phos_[])horus Total Dry N_[]atter . RGR .
tea residues (mg kg™) (mgg) (gm pot™) (g g plant day )

Py 2.31 0.32 1.24 0.030

T, P, 4.79 1.23 1.87 0.039

P, 3.22 0.68 2.86 0.031

P; 3.22 1.18 1.80 0.038

Py 3.53 3.73 3.09 0.045

T, P, 17.41 6.57 8.67 0.138

P, 10.33 4.20 2.99 0.060

P; 8.04 3.78 2.60 0.051

P, 4.86 2.50 2.93 0.036

T, P, 9.75 5.11 3.89 0.087

P, 6.79 3.54 1.93 0.057

P; 5.37 3.21 2.80 0.054

Py 4.46 2.69 2.58 0.040

T, P, 6.95 4.14 3.57 0.071

P, 4.13 3.88 2.34 0.041

P 3.25 3.92 2.04 0.050

Py 4.13 3.76 2.10 0.034

T, P, 8.91 4.82 3.94 0.071

P, 4.41 3.03 3.02 0.038

P 4.16 2.48 1.73 0.050

Tukey's (1% ) 5.34 2.90 1.53 0.014

Table 3: Combination effect of consumed tea residues and phosphorus fertilizer on available
phosphorus in soil, plant phosphorus, concentration and total dry matter.
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