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Abstract

The reuse of cement kiln dust (one of the by-products of cement industry) prevents or at least reduces the environmental polluti-
on. The CKD is beneficial as a raw material, construction material, absorbent, and improving the sandy soil properties. Pot experiment
was carried out in Soil Sci. Dept., Faculty of Agric., Minia Univ,, El-Minia, Egypt to study the residual effect of fine CKD on the second
crop (peas) grown in the same pots, that were previously treated with CKD at rates 0, 2, 4, 6, 8, and 10 g kg and used for the first
crop (corn). In this experiment, peas seeds were planted in each pot. In general, treating the sandy soil with the different application
rates of fine CKD increased the vegetative growth parameters (plant height, fresh and dry weights), water use efficiency and uptake
of N, P, and K by peas plants grown in the treated sandy soil, compared with the untreated control. The increase in almost the studied
parameters, was proportional to the increase in the application rate of CKD up to 8 g kg ™. It could be concluded that it is possible using

the white CKD at application rate of 8 g kg™ as a soil amendment for sandy soils in Egypt. Also, it is possible to use CKD only once for

its initial and residual effects on the successive crops grown in the newly reclaimed sandy soils in El-Minia Governorate, Egypt.
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Introduction

The cultivation of new area of sandy and sandy calcareous soils
represents a necessity to increase food production in Egypt. Large
quantities of CKD are produced during the manufacture of cement
clinker by the dry process. Fine particles of CKD contain higher
concentration of sulfate and alkalies, which cause undesirable en-

vironmental impacts.

Over the past several years dramatic advances have been
achieved in the management and use of cement kiln dust, thus re-
ducing its dependency on landfill disposal. CKD consists primarily
of calcium carbonate and silicon dioxide which is similar to the ce-

ment kiln raw feed.

The dust may provide potassium and trace metals that are also
depleted from agricultural soils due to plant withdrawal require-

ments.

Application of the cement kiln dust improves the soil properties
so as to provide suitable conditions for the plant growth [1-10].

This study was designed to investigate the residual effect of us-

ing the cement kiln dust on

1. Some chemical properties and nutrients availability in the
coarse textured soil.

2. Some agronomic aspects of peas plants grown on the
coarse textured soil.

Materials and Methods

e Soil: The soil used in this study was sandy loam in texture
and was collected from the newly reclaimed desert land at the
Western district of the Nile Valley, West of Samalout, El-Minia
Governorate, Egypt. Some analytical data of the studied soil
are given in Table 1.

e Cement Kiln Dust (CKD): Cement kiln dust was collected
from El-Minia White Cement Factory. A representative sample
was taken from CKD, modified and analyzed as raw material
and after modification (Table 2).

e  CementKkiln dust modification: It is known that the CKD has
a high content of salts and soluble ions. Its application to a
soil causes salinity build up in the soil. The CKD need to be
leached with 20 times water so as to decrease its content of
salts and soluble ions.
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Soil properties Value
Coarse sand 41.80
Particle size Fine sand 30.08
distr(i;)u)tion: Silt 10.20
Clay 17.92
Texture Sandy loam
pH (1:2.5) 7.74
CaCo,, gkg" 128.00
OM, gkg! 1.50
EC, dSm™ (soil paste extract) 2.73
Soluble cations, mmol /1 :
Na* 3.10
K* 1.10
Ca* 1.05
Mg* 0.85
Soluble anions, mmol /1 :
Cl- 4.10
HCO, 0.80
Co,* —
S0,% 1.05
Available P, ppm 16.00
Available K, ppm 237.90
Available Fe, ppm 2.20
Available Mn, ppm 0.50
Available Zn, ppm 0.30

Table 1: Some analytical data of the studied soil.

CKD chemical properties Unlea.shed raw lea.ching with 5 lea?hing with lea?hing with
white CKD times water 10 times water 20 times water

EC (dSm™) 10.3 7.4 6.1 4.8
Na*(gkg™") 0.3 0.2 0.1 0.1
K* (gkg?) 0.2 0.1 0.1 0.1

Ca™ (gkg") 9.2 5.2 45 4.1

Mg* (gkg™) 0.2 0.1 0.1 0.1
Cl'(gkg") 2.8 0.9 0.4 0.2

HCO, (gkg™) - - - -

C0,”(gke") 7.0 5.0 4.8 2.8

S0,%(gkg™") 4.8 3.8 2.6 2.2

Table 2: Effect of the leaching treatments with the tap water on some chemical properties of the white CKD.
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As can be seen from Table 2 that increasing the leaching treat-
ments from 0 times water (unleashed) up to 20 times water gradu-
ally decreased the E.C. and soluble ions of CKD compared to those
of the unleashed one. The lowest values of EC, Ca*, Mg#, Na*, K*,
Cl, SO,* and CO,* were obtained when CKD was leached with 20
times water. Therefore, the best leaching treatment for the CKD is
the leaching with 20 times water. Similar results were obtained by
Deaus 2002 and 2007.

In the current study, we decided to use the modified white CKD
(leached with 20 times water) in the pot experiment in order to
study their effect on the peas plants growth, water use efficiency
and nutrients uptake.

Set up of the pot experiment

Pot experiment was carried out in Soil Sci. Dept., Faculty of Ag-
ric., Minia Univ,, Elminia, Egypt to study the residual effect of fine
CKD on the second crop (peas) grown in the same pots, that were
previously treated with CKD at rates 0, 2, 4, 6, 8, and 10 g kg ! and
used for the first crop (corn), without new addition of CKD. In this
experiment, four seeds of peas were planted in each pot. The plants
in each pot were thinned and two plants were left to grow in each
pot and fertilized with N and P at the equivalent rates of 250 kg N
and 155 kg P,0... ha'! The plants were irrigated every ten days with
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an amount of water to compensate the loss in moisture which was
maintained at the field capacity. At 60 days from the peas planting,
the plant height (cm) and water consumptive use by the plants (1 /
pot) were recorded. The peas plants were cut at 2 cm from the soil
surface and its fresh weight was recorded (g/pot). The fresh mate-
rials were dried at 65°C and the dry weight (g/pot) was recorded
by weighing. Also, the water use efficiency by the peas plants was
calculated. The oven dried peas shoots were grinded in a plant mill,
passed through a 0.5 mm screen mesh, and a representative sample
was taken and analyzed for the total nitrogen, total phosphorus,
and total potassium.

Analyses of soil, CKD, and plant tissues were determined ac-
cording to the standard methods [11,12].

All recorded data were subjected to statistical analysis of vari-
ance procedures. Treatments means were compared using the
L.S.D. according to Gomez and Gomez [13].

Results and Discussion

Results of the residual effect of applying the tested CKD to the
sandy soil on some vegetative growth parameters, water use effi-
ciency, concentration and uptake of N, P, and K by the second suc-

cessive crop (peas), are presented in Tables 3 and 4.

CKD treatments Plant height | Fresh weight Dry Water use
gkg! (cm) (g/ pot) weight (g/ pot) W.C.U** (L) W.U.E*** (gL1)
Control 40.17 14.17 3.20 311 0.97
2 41.83 16.97 3.63 3.18 1.14
4 43.83 18.50 3.70 3.16 1.17
6 47.33 19.67 3.73 3.11 1.20
8 49.00 20.50 3.83 2.99 1.28
10 48.17 19.63 3.70 2.84 1.30
L.S.D. at 5% level 4.18 3.92 1.03 - 0.04

Table 3: The residual Effect of the tested CKD on some vegetative growth parameters and water use by the peas plants.

* Each value in the table is the mean of three replicates.

** W.C.U.: Water consumptive use (L).
***W.U.E.: Water use efficiency (g L)

CKD Nutrients concentration and uptake by the peas plants
treatments N P K

gkel Concentration (%) | Uptake (g/pot) | Concentration (%) | Uptake (g/pot) | Concentration (%) | Uptake (g/pot)
Control 2.42 8.58 0.25 0.90 2.19 8.39
2 2.60 9.45 0.27 0.92 2.40 8.72
4 2.75 10.18 0.29 1.07 2.59 9.58
6 292 10.90 0.31 1.40 2.78 10.38
8 3.32 12.73 0.36 1.72 3.22 12.34
10 3.11 12.51 0.34 1.70 3.00 11.10
L.S.D at 1.41 1.33 0.01 0.18 1.33 1.00
5% level:

Table 4: The residual effect of the tested CKD on the nutrients concentration and uptake by peas plants.*

*Each value in the table is the mean of three replicates.
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Data given in Table 3 reveal that treating the sandy soil with the
different application rates of CKD generally increased the vegeta-
tive growth parameters i.e plant height, fresh and dry weights of
peas plants grown in the sandy soil, compared with the untreated
control. The increase in almost the studied plant growth parame-
ters was proportional to the increase in the application rate of CKD
up to 8 gkg.

The increase in the plant growth parameters, due to the applica-

tion of CKD, was great and significant.

The improvement in growth parameters of peas plants may
be attributed to the effect of CKD on improving soil structure and
water regime, as they increased the water available to plants and
reduced the evaporation of water from the soil surface. Also, the
improvement in growth parameters may be attributed to the con-
tent of CKD of elements (Table 2) and that reflected on soil fertility.

As the water use efficiency refer to the amount of dry plant ma-
terials produced by unit of water, and as the dry matter yield of the
peas shoots grown in the treated soil with CKD was much higher
than in the untreated one (Table 3), it could be seen that the water
use efficiency was also increased.

The increase in water use efficiency due to treating the sandy
soil with CKD could be attributed to the effect of CKD on increasing
the water holding capacity of the treated soil and decreasing the
water evaporation from the soil surface, hence. It increased the wa-
ter available to the plants. The available water will be used in pro-

ducing more plant materials and then more water use efficiency.

Data dealing with the effect of the tested CKD on concentration
and uptake of N, P, and K by the peas plants are presented in Table
4.

Careful examination of the data presented in Table 4 show that
the concentration and uptake of all the studied nutrients were in-
creased with treating the sandy soil with CKD up to 8 gkg -1, com-
pared with the untreated one.

The increase in the nitrogen, phosphors and potassium concen-
tration in the plants was significant (p=0.05).

The increase in N, P, and K uptake by the peas plants was signifi-
cant (p=0.05).

The increase in N, P, and K uptake by the peas plants could be at-
tributed to the increase in dry matter and nutrients concentration

in the peas plants.

Generally, the increase in nutrients uptake may be due to one or

more of the following reasons:
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The increase in the dry weight of plants grown in the studied
soil (Table 3).

e Theincrease inion mobility due to the increase in the retained
water in the studied soil.

e Increasing C.E.C. of the tested sandy soil because of the clay
fraction in the tested CKD.

e  The improvement in soil structure which reflected on increas-
ing the water holding capacity and decreasing nutrients losses
by leaching and deep percolation.

Similar results were obtained by Hynes and Kramer, 1982, and
Lafond and Simard (1999) using CKD. without going in more de-
tails, it is preferable to compare the residual effect of the tested
CKD on the mean values of growth parameters, water use efficiency
and concentration and uptake of N, P, and K by the second succes-

sive crop (peas), with its initial effect on the first crop (corn).

Since the two tested crops differed in all the above mentioned
parameters due to the genetically differences, it is preferable to
calculate and compare the mean values of these parameters as ef-
fected by the application of CKD to the sandy soil, relative to the
untreated control for each crop, as summarized in Tables 5 and 6.

The obtained data given in Tables 5 and 6, make it is possible to

conclude the following:

1. The plant height, fresh and dry weights, water use ef-
ficiency and concentration and uptake of N, P, and K by
peas plants grown in the treated sandy soil were in-
creased, relative to the control due to the residual effect
of CKD, while the water consumptive use by peas plants
grown in the treated soil were decreased, relative to the
untreated one.

2. The relative improvement in almost all the above men-
tioned parameters by the second successive crop (peas),
grown in the treated sandy soil due to the residual effect
of the CKD was less than its initial effect on the first crop
(corn).

3. Theimprovement in almost all the studied parameters of
the two successive crops due to the initial and residual ef-
fects of the tested CKD was obtained from the treatment
with 8 g kg

The relative improvement in the growth parameters and nutri-
ents uptake by the second crop (peas) grown in the treated sandy
soil may be attributed to the residual effect of the CKD on improv-
ing the physical, chemical and biological properties of the treated
soil, and consequently, on increasing the availability of nutrients in
soil and their uptake by the growing plants, compared with the un-

treated control.
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CKD Plant height Fresh weight Dry weight Water consumptive use Water use efficiency
Treatments gk®1 | corp Peas | Corn | Peas | Corn | Peas Corn Peas Corn Peas
Control 100 100 100 100 100 100 100 100 100 100
2 109 104 135 119 138 113 96 143 102 117
4 115 109 144 130 145 115 97 149 101 120
6 118 117 152 138 151 116 95 159 100 123
8 124 121 166 144 168 119 95 176 96 131
10 120 119 155 138 157 115 93 167 91 134

Table 5: Effect of the tested CKD application on some vegetative growth parameters and water use by the two successive crops,
relative to the control of each crop.

N P K

'(Ij‘ll'((::lt-mens gk Concentration Uptake Concentration Uptake Concentration Uptake

corn | peas | corn | peas corn peas | corn | peas corn peas | corn | peas
Control 100 100 | 100 | 100 100 100 100 | 100 100 100 | 100 100
2 108 107 | 149 | 103 109 108 149 | 102 108 109 150 110
4 116 113 | 169 | 114 118 116 171 | 118 117 118 170 118
6 130 120 | 198 | 123 140 124 | 208 | 155 137 126 | 207 127
8 140 137 | 237 | 147 150 144 | 247 | 191 146 147 | 252 148
10 123 128 | 194 | 132 131 136 | 200 | 188 127 136 | 207 145

Table 6: Effect of the tested CKD application on concentration and uptake of N, P, and K by the two successive crops, relative
to the control of each crop.

Similar results were obtained by Schreiber., et al. (1998), Subha
and Dakshinamoorthy [6], Soda,, et al. (2006) and Rahman,, et al.
[9] using CKD [14-16].

Conclusion

From the obtained results, general conclusions can be made as

Results of the residual effect of applying the tested CKD to the

sandy soil on some vegetative growth parameters, water use effi-

ciency, concentration and uptake of N, P, and K by the second suc-

cessive crop (peas), are presented in Tables 3 and 4.

It is possible to use CKD only once at a rate of 8 g kg
for its initial and residual effects on the successive crops
grown in the newly reclaimed sandy soils in El-Minia Gov-
ernorate, Egypt.

For using the white CKD as an amendment for sandy soils,
on a large scale, more studies, probably in field, are still
needed. These studies should include the economic as-
pects of the application of CKD.
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