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Abstract: Field experiment was carried out at Banha (Qalubia Governorate) to investigate the effect

of the chicken manure and mineral fertilizer on distribution of heavy metals in the different organs

of two varieties of Tomato (GS 12 and Alisa), and their fruit yields. Treatments were 100% mineral

fertilizers, 75% mineral fertilizers plus 25% chicken manure, 50% mineral fertilizers plus 50% chicken

manure, 25% mineral fertilizers plus 75% chicken manure and 100% chicken manure. The available

Zn was decreasing in soil with cultivation, while the available Pb was increasing with cultivation

except by using 25% chicken manure plus 75% mineral fertilizer. Alisa variety realeased the available

Zn, while GS variety was realeased the available Pb, Zinc contents in the two varieties of Tomato

and their organs are more than the normal range. Also they are in range of toxic levels. Lead contents

in all organs of two varieties under different treatments are more than the maximum amounts, normal

levels and toxicity level for livestock. Also they are more than accepted as safe for human

consumption. The high total yield was recorded with GS12 variety in all treatment, but the best

treatments were 25% chicken manure plus 75%mineral fertilizer then 75%chicken manure plus

25%mineral fertilizer.
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INTRODUCTION

Tomato   crop  is  the most important vegetable crop grown in Egypt. The increasing demands of the

expanding  population  for  food  and  energy  necessitate   increasing   total   yield  per feddan (El-Asdoudi

et al. 1990). 

Soil contamination with heavy metals and toxic elements due to parent materials or point sources often

occurs in a limited area and is easy to identify-Repeated use of metal – enriched chemicals, fertilizers, and

organic amendments such as sewage sludge as well as wastewater may cause contamination at a large scale.

Zhenli et al, (2005), Chaney (1993), indicated that after "natural" phytotoxicity from aluminum or Mn in

strongly acid soils, Zn phytotoxicity is the next most extensive micronutrient phytotoxicity compared to Cu,

Ni, Co, Cd or other trace element toxicities, with decreasing soil pH, Zn solubility and uptake and potential

for Zn phytotoxicity increases. At comparable soil pH and total Zn concentrations, Zn phytotoxicity is more

severe in plants grown in light-textured than in heavy – textured soils. This is mainly because of differences

in specific Zn adsorption capacities of the soil. Continued applications of Zn to alkaline  sandy soils low in

organic matter and clay tend to develop Zn toxicity in plants even through occurrence  of Zn toxicity is

relatively rare under field conditions (Rattan and Shukla, 1984). 

MATERIALS AND METHODS

Tomato seedlings (Lycopersicon esculeintum Mill) were transplanted in the 12 of June. The design of

experiments was split – plot with four replicates, where Fertilization treatment were distributed in the main

plots. Treatments of mineral fertilizers and chicken manure were 100% mineral fertilizers, 75% mineral

fertilizers plus 25% chicken manure, 50% mineral fertilizers plus 50% chicken manure, 25% mineral fertilizers

plus  75%  chicken  manure  and  100%  chicken  manure  and two varieties in sub–plots (Gs12  and Alisa).
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Table 1: The characteristics of soil, chicken manure and mineral fertilizer at Pre-Treatment

Added elements to Available

Total (µg/g) cultivated area (µg/g) (µg/g)

------------------- ------------------------ -------------------

3Treatment EC(ds/m) pH1-2.5 CaCo  % Texture Zn Pb Zn Pb Zn Pb

Soil before cultivation 2.5 8.4 1.4 Clay loam 378.0 41.5 125.4 2.4

Chicken manure 284.2 110.5

Super Phosphate 266.0 30.0 139.4 15.7

Ammonium nitrate 0.7 20.0 0.9 26.2

Potassium Sulphate 13 23.0 0.3 6.0

Doses of the 100% mineral fertilizers and 100% chicken manure are the recommended doses by the Agri. Res.

Center in Cairo. The plot areas was 11.2 m2 each included 4 ridges, with 70 cm width and 4 m Long. The

physical and chemical properties of the  experimental soil, chicken manure  and  mineral  fertilizers are

presented in Table (1).

Chicken manure and NPK fertilizer were analyzed for total metals Pb and Zn using mixture of

concentrated acids (Cottenie et al. 1982). Values are presented in table (1).

Before cultivation, soil samples of all the field treatments (0-60 cm) were collected and analyzed for

available and total Pb and Zn. Ammonium acetate- EDTA mixture (pH = 4.65) was used to extract the

available elements form, (Cottenie et al. 1982). Aqua Regia was used to digest soil samples for total contents

of the investigated heavy metals (Cottenie et al. 1982). At harvest time, soil samples were collected to

represent each soil treatments to measure the available, Zn and Pb. Plant samples from roots, stems, leaves

and fruits were collected, oven dried, fine grounded and digested by a mixture of concentrated acids (Cottenie

et al. 1982). Lead and Zn were measured using Varian SpectrAA 220 Atomic Absorption spectrometry (AAS).

Zinc was determined in soil and plant organs applying micro-sampling technique. This could overcome the

matrix and nebilization difficulties in high salt sample solution, while lead was determined applying graphite

furnace–AAS (Ramadan and AL Ashkar, 2001a; Ramadan and AL-Ashkar, 2001. b). At harvest time, tomato

fruits were collected and the total yield as ton / fed in each treatment was accounted. All the obtained data

for total yield were  subjected  to  statistical  analysis  of variance according to the procedure outlined  by

Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

1- Heavy Metals in Soil Before Cultivation:

Table (1) shows that the total Zn is higher than 50ug/g and 200ug/g while total Pb is lower than 100ug/g

and 50ug/g according to Cottenie et al. (1982) and Ewers, (1991) respectively. Also the total Pb is lower than

the normally found in earth minerals, the average concentration of the metal in uncontaminated soils is less

than 50ug Pb/g. (Adriano, 1986). The available Pb and Zn are in range of common concentration (0.10-20 and

3-50ug/g), but they are lower than the maximum tolerable concentration (100ug/g and 300ug/g), respectively

mentioned by Ewers, (1991). The available Zn lies in the range of nonpolluted soils (0.01 to 200ug/g) reported

by Kirkham, (1979). Also it lies in critical levels  (70  to  400ug/g)  according  to  Kabata-Pendias and

Pendias (1984), and it is in range (1.5 to 264 ug/g) of international  standers (Souza, et al. 1996).  The

available   Zn   is  higher than the value (1.5 to 2.64ug/g DTPA extractable) of nonpolluted soils in Egypt

(Aboulroos, et al. 1996). The available Pb is lower than the critical level (100 to 400ug/g) reported by Kabata-

Pendias and Pendias (1984) and  lower than maximum tolerable concentration (100ug/g) according to Ewers

(1991). Fig (1). The available Pb is within the range of international  criteria  (0.5  to  135   ug/g)  mentioned

by  Souza  et  al. (1996). According to Aboulroos et al. (1996), the background level of extractable Pb in

nonpolluled  soils of Egypt ranged from 1.17 to 1.61 ug/g. Fig. (1).

2- The Available Heavy Metals in Soil at Harvest Time:

From Fig (1), it is clear that the available Zn was decreasing in soil with cultivation, while the available

Pb was increasing with cultivation except by using 25% chicken manure plus 75% mineral fertilizer, they were

decreasing. Alisa variety realeased the available Zn, while Svariety realeased the available Pb. The available

Zn in all treatments lies in the range of nonpolluted  soils according to Kirkham (1979), and Souza et al.

(1996). In addition, they are lower than the critical levels mentioned by Kabata-Pendias and Pendias (1984).

The available Pb in all treatments are lower than the critical level reported by Kabata –Pendias and Pendias

(1984). Also they are in range of common concentration and lower than the maximum tolerable concentration

according to Ewers (1991). The available Pb are in range of international criteria reported by Souza et al.

(1996). According to Aboulros et al (1996), the soil is polluted by Pb. 
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Fig 1: Effect of different rates of fertilizers on Zn and Pb concentration in two tomato cutivars

Fig 2: Behaviour of heavy metals in different Tomato organs

Fig 3: Behviour of heavy metals in different Tomato organs
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Fig 4: Behviour of heavy metals in different Tomato organs

Fig 5: Behviour of heavy metals in different Tomato organs

Fig 6: Behviour of heavy metals in different Tomato organs
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Table 2: Total Yield (ton/fed)

Total Yield  (ton / fed )

--------------------------------------------------------------------------------------------

Treatment GsS12 Alisa M ean

100% mineral fertilizer +0% chicken manure 21.40 17.60 19.5

75% mineral fertilizer +25% chicken manure 24.40 19.40 21.9

50% mineral fertilizer +50% chicken manure 23.60 20.40 22.0

25% mineral fertilizer +75% chicken manure 24.10 19.40 21.6

0% mineral fertilizer +100% chicken manure 23.90 18.70 21.3

M ean 23.48 19.10

LSD   Var =2.15   Treat =0.11  Var X Treat =1.33

3- The Comparison Between Heavy Metals Contents in Two Varieties of Tomato under Different Rates from

Chicken Manure and Mineral Fertilizers:
3-1- By Using 100% Chicken Manure:

The high contents of Zn were found in Alisa variety than GS variety except in roots. The high contents
of Pb were found in Gs organs except in stem compared with Alisa. Fig (2).

3-2- By Using 75% Poultry Manure plus 25% Mineral Fertilizers:

From Fig (3), it is clear that the high contents of Zine were found in roots and stems of GS variety, also
they were found in leaves and fruits of Alisa variety the high contents of lead were found in GSorgans except

in stems were lower compared with Alisa organs. 

3-3- By Using 50% Poultry Manure plus 50% Mineral Fertilizers:
The high contents of Zinc were found in Alisa organs except in stems compared with GS variety. The high

contents of lead were found in Alisa organs. Fig (4).

3-4 By Using 25% Poultry Manure plus 75% Mineral Fertilizers:
Fig (5) shows that the high Zn contents were found in Alisa organs except in fruits compared with GS

organs. The high lead contents were found in Alisa organs. 

3-5- By Using 100% Mineral Fertilizers:
The high Zn contents were found in Alisa leaves and fruits, also they were found in GS roots and stems.

The contents of lead were higher in GS fruits and roots compared with Alisa variety, while Pb contents in
Alisa stems and leaves were higher than them in GS variety show Fig. (6).

4- Heavy Metal Contents in Two Varieties of Tomato Organs:

4-1- Zinc Contents:
In all treatments, Zinc contents are more than the normal range (10to 100ug/g) reported by Beeson (1941),

and Chapman (1973). Also they are in range of toxic levels (100-400ug/g) mentioned by Kabata-Pendias and
Pendias (2000), except in Gs stems in case of using 100% chicken manure is less than the normal range. The

behaviour of Zinc contents in some organs in case of using 25% chicken manure plus 75% mineral fertilizers
are different, the contents of Zn in stems and leaves of Gs variety and Alisa fruits are in normal range

(Beeson, 1941, Chapman, 1973), while they are lower than toxic levels mentioned by Kabata-Pendias and
Pendias (2000). Zinc contents in other organs of two varieties are  more than the normal range and toxic

levels.

4-2- Lead Contents:
Lead contents in all organs of two varieties under different treatments are more than the maximum

amounts, (5.0 ug/g) normal levels (2.5 ug/g) and toxicity level for livestock (30 ug/g), according to Kirkham
(1977), and Chaney (1993), respectively. Also they are more than accepted as safe for human consumption

reported by Hapke (1991), while they are in range of toxicity levels (30-300  ug/g)  mentioned  by Kabata-
Pendias and Pendias (2000).

5- Total Fruit Yield:

Fertilization treatments affected total fruit yield of tomato crop statistically. The lowest fruit yield of
tomato was obtaind by the addition of mineral fertilization alone (100%) compared with other treatments.

Higher and statistical fruit yield was obtaind by the addition of  chicken manure alone (100%).  The  highest
fruit  yield  of  tomato fruits was obtained by the addition of half mineral plus half chicken manure treatment.

75% mineral plus 25% chicken manure or 25% mineral plus 75% chicken manure recorded higher and
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significant increase in fruit yield compared with mineral fertilization  or  chicken  manure  alone.  With

respect   to  varieties,  it  is  clear  from  the data in table (2) that GS12 over yielded Alias in its fruit yield
by 22.93 %. These differences were statistical and significant. It could beconcluded that GS12 was superior

in its fruit yield than Alisa. Interaction of treatments and varieties indicates that GS12 with variable rates of
mineral and chicken  manure leads to higher tomato fruit yields.

REFERENCES

Aboulroos, S.A, Sh Holah and S. Badawy, 1996. Background levels of some heavy metals in soils and

corn in Egypt, J,Soil Sci., 36: 83-97.

Adriano,  Dc.,  1986.  Treace  element   in the terrestrial environmental. New York: Springer. Verlag,

pp: 533,

Beeson K.C, 1941. The mineral compositon of crops with particular reference to the soils in which they

were grow. USDA.Mix. Pub. 360.U.S. Dep. Agr., Washington, Dc, pp: 164.

Chaney RL., 1989. Toxic element accumulation in soils and crops: protecting soil fertility and agricultural

food chains. In: Bar. Yosef B Barrow,NJ, Goldshmid J, editors. Inorganic contaminants in the Vadose  Zone.

Berlin:  springer-Verlag, pp: 140-158.

Chaney RL., 1993. Zinc phytotoxicity. In : Robson AD, editor. Zinc in soils and plants. Dordrecht, the

Netherlands : kluwer Academic publ., pp: 135-50.

Chapman, H.D. ed., 1973. Diagnostic Criteria for Plants and Soils, 2nd Ed., Quality Printing Co Inc.,

Abilene, Texas pp: 793.

Cottenie A., M. Verloo, L. Kiekens, G. Velgh and R. Camerlynch, 1982. Chemical analysis of plants and

soils, Lab, Anal Agrochem. State Univ. Ghent Belgium, 63.

El-Asdoudi A.H., K.M. El-Habbasha, Hosnia Gomaa and Muna M.A. Aly., 1990. Evaluation of some

Tomato cultivars for early production. Annals Agricultural science, special Issue, 723-729.

Ewers, M., 1991. Metals and their compounds in Environment: Occurrence Analysis and Biological

Relevance. VCH. Publisher, New York (USA).

Gomez, K.A. and A.A. Gomez, 1984. Statistical procedures for Agricultural research. Seconded Willey

Inter Science Pulb., pp. 357-423.

Hapke, H.J., 1991. Metal accumulation in food chain and Load of feed and food In Merian E, editor.

Metals and their compounds in the environment. Occurrence, analysis, and biological relevance. New Your:

Weinheim, pp: 469-479.

Kabata-Pendias, A. and H. Pendies, 1984. Trace elements in soils and plants 3. ed. Boca Raton: CRC.,

pp: 315. 

Kabata-Pendias  A, and H. Pendias, 2000. Trace elements in soils and plants, CRC Press, Boca Raton,

FL, 2000.

Kirkham, M.B., 1977. Trace elements in sludge on Land: Effect on plants, soils, and ground water, pp:

209-247. In RC Loehr (ed) Land as a waste management alternative. Ann Arbor Science Pub., Inc. Ann Arbor

Michigan.

Kirkham,  M.B.,  1979.  Trace  elements, pp: 571-572. In: R.W Fairbridge and C.W. Finkl, Jr., (eds).

Encyclopedia of Earth Sciences Vol. 12. The Encyclopedia   of    soil   science   Part   I  Physics Chemistry,

Biology,   Fertility   and  Technology, Dowden, Hutchinson and Ross, Stroudsburg, Pennsylvania. 

Ramadan, M.A., and E.A.A.L. Ashkar, 2001. a. Spectroscopic determination of micro nutrients and heavy

metals  in  soybean plant and soil irrigated with different concentrations of zinc, Egypt. J. Soil Sci., 41(3):

399-417.

Ramadan, M.A, and E.A. AL-Ashkar, 2001B, Determination of micro nutrients and heavy metals in plant

and soil irrigated with different concentrations of cadmium. Egypt. J. Soil Sci., 41(4): 1-26.

Rattan R.K., L.M. Shukla, 1984. Critical limits of deficiency and toxicity of Zinc in paddy in a typic

ustipsamment. Commun. Soil Sci. Plant Anal., 15: 1041-51.

Souza, M.L.P., C.V. Andreoli, M.B. Amaral and S.C. Domaszak, 1996. Levantamento preliminar dos teores

de metais pesados emalguns solos do parana. Sanare, S(5): 68-75.

Zhenli L.Hc, Xiaoe E.Yang, Peter, J. Stoffella, 2005. Trace elements in agroecosystems and impacts on

the environment. Journal of trace elements in Medicine and Biology, 19: 125-140.


