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ABSTRACT

This study was aiming for the determination of some heavy metais (Co, , ,
Pb, Cd and Co) of soil and cucumber plant tissue. Plants were cuitivated in pots under
greenhcuse condition for two consecutive seasons using different mixed of drainage,
tri-treated, di-treated and ground water. Using (100% Tri-treated water) treatment,
significantly increased Pb and Cd in soil and plants tissue compared with other
treatments n soil and plants tissue were (2.90,2.81,1.92 and 2,01 mg/kg) respectively.
‘Mhile the highest value for Co (3.29 mg/kg) in soil was obtained after irrigation(100%
drainage water) lreatment compared with other irrigation treatments .while the highest
Cc value in plant tissue(2.42 mg/kg) was obtained after using 100% di-treated water .
On other the hand, the lowest concentration for heavy metal (Pb,Cd and Co in soil
and plant (0.93.0.91,1.08 ,0.93,0.90 and 1.09 mg/kg)respectively were obtained after
using ground water only . However, high value for dry/fresh weight plant (19.66 %)
was observed when (100% ground water (G) treatment was used. The highest value
for cucumber yield (1.60 kg/plant) was obtained after irrigation with ground water (G)
coniroi, the second rank (0.79 kg/plant with 75% (G) + 25% drainage water(R. The
fowest value for dry/fresh weight/piant (15.66%), and cucumber yield (0.40 kg/plant)
was observed when irrigated with (25% G + 75% D) treatment. The highest Pb ,Cd
and Co concentrations(3.80,3.27 and 3.95 mg/kg ) respectively were obtained of tri-
treated water compared with others waters ( drainage .di-treated water and ground
water)

Finally, it is possibly suggested that the use of drainage, tri ditreated water
could be utilizated for irrigating cucumber plants without hazardous some heavy metal
{Pb. Cd and Co) concentration in soil and plant tissue.

iINTRODUCTION

Drainage, tri-treated and ditreated water often contain discrete amount
of heavy metals as impurities, especially (Pb, Cd,and Co,}. The determinaticn
of heavy metals in soil and cucumber plant tissues irrigated with drainage
and treated water is very important. The metals accumulated in soil after
irrigation with drainage and treated water can become available for plant
uptake, leading to an increase of the heavy metal concentrations in plant
tissues. Some of these elements, such as Pb, Cd and Co are phytotoxic and
could enter into the human food chain.

Previous investigations showed that different irrigation treatments with
drainage and tri-treated, di-treated and ground waters positively or negatively
affected the heavy metal contents in the soil and cucumber plant, tissues,
dry/fresh weight per plant % and fruit yield. Buran et al. (1995) showed that
the tow cyclic drainage-water reuse practices were tested in a 3 year-rotation
of processing tomato and cotton .In both practices drainage water ( Eci =7.4
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dsm ' and 0.74 mmoil'B was applied to processing tomato after first bloom
to take advantage of salt-induced enhancement of fruit quality and increased
crop salt tolerance at later developmental stages .In one practice .drainage
water was also applied to the following cotton crop after thinning .Non saline
water was used for irrigation at all other times and throughout for the control.
When saline water was applied once every 3 year, yield of both crops were
unaffected. Tomato yields were generally lowest when saline water was
applied 2-3 years, but saline water improved tomato fruit quality by increasing
Brix in most years. Changes in soil chemical and physical quality may iimit
cng -term reuse. Both B and saits accumulated in the soil over iime
seriicularly depth (60-40 cm), whereas Se was more readily leached and
~howed greater fluctuations in the root zone with irrigation treairnent.
Caiculation using reclamation formulae estimated that for low drainage water,
i-¢ amount of drainage water ,the amount of drainage water used exceeded
i~at of non-saline water needed to return soil. Ece to control levels.

Al-Harbi (1995) found that seedling growth of cucumber was generaily
reduced with increasing salinity level. Cucumber was more salt sensitive than
cther vegetable plants. Shoot and root dry weight of cucumber was increased
E: decreasing Na/Ca ratio at 4.0 ms/cm <alinity. AL-Eed and Hamaiel (2002}
fcund that using (75% ground water +25% ditreated water treatment
significantly increased Pb and Co intomato plant tissue. While the highest
value for Cd (1.730 mg/kg) was obtained after irrigation with (75% ground
water +25% tri-treated water.

Johns and McConchie (1994) showed that irrigation of bananas with
secondary treated sewage gave positive results of crops. Zekri and Koo
1991) found that irrigation with well water and treated, reclaimed municipal
waste on citrus trees gave different results of the fruit crops. Results, showed
that higher accumulations of nitrogen, potassium, caicium and magnesium in
soils irrigated with reclaimed water were not significantly reflected in leaf
mineral status. Also leaf sodium, chloride and boron concentrations were
reticeably higher in reclaimed water treatments than in those of well water,
they are still far below the toxicity levels. Knapp(1992) found that drainage
warer irrigation gave good results of some crops .while heavy metal
ccreentrations were lower than other treatments

Barneda et al. (1993) mentioned that possible using of tomato
ccedlings to detect bensulfuron and quinchorac residues. El-Madini et al.
{1895) mentioned that the treated sewage water from University Campus
utilities significantly increased the Na, K and Cu and reduce Co in leaves and
Zn in fruits of date palms. But no significant effect was observed on the K,
Ca, Mg, and Na contents in fruits of the same palms. The same investigators
mertoned that, leaves of date palms irrigated with desalinized and well
waters contained higher Ca and Zn, but lower K, Mg, Na, Cu, Fe and Pb
coniznts than those of palms irrigated with treated sewage water. Desalinized
water reduced the K, Ca, Naand Zn contents, but it increased the Mg, Fe,
Cu, and Pb content of leaves, compared to well water. Neilsen et al. (1991)
mertioned that the tomato plants irrigated either with well water or secondary
effiuent; vield with effluent irrigation was greater than or similar to vyield
obta'ac with well water. Also, effluent irrigation decreased Zn, increased P,
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and variable results for other nutrients in plant tissues.

Ambujam et al. (1993) reported that the yield of Eleusine Coracana
was generally increased by waste water treatments, compared with ground
water. Also, this investigator found that the yield was increased by treated
waste water or diluted untreated water, but decreased by untreated undiluted
waste water. Heavy metals did not accumulate significantly in the plants.

Bogoescu et al. (1997) found that the irrigation of cabbage with
magnetic treated water (MTW) lead to significant increase in marketable yield
compared with cabbage irrigated with magnetic untreated water. Use of
magnetic indicator such as: soluble dry water (7.5%), titratable acidity
(0.33%;, =n'uble sugar (3.3%), ascorbic acid (33.3) mg/100 g and mineral
salts contents (1.14%).

Waly ef al. (1987) mentioned that citrus trees irrigated by treated
waier gave good vield and found very litle neavy metal conceniration in
fruits. Abdel-Sabour ef &/ {1998) found that sesame seeds showed higher
affinity 1o accumulate trace elemernts {Fe, Zn, Co, Cr Se and Ha: than maize
in most tested slemenis. Moreover. municinal solid weste {(MSW)
diticn enharced the accumulation of tested metals in seeds more than
vage siudge {(BS} compost.

This nvestigation was carried out to compare the effect of four
rrigatian sources (drainage, tri-treated, di-treated and ground waters) on for
cucumbper plants. It also aims to find the optimum water mixture on cucumber
plants grown in pots under greenhouse conditions to give best vegetative
growth and yield. The pollution of soils and plants by Pb, Cd and Co was also
investigated.

MATERIALS AND METHODS

This study was carried out during the winter and spring seasons of
2000/20G1 respectively, under greenhouse condition at the Agriculturat and
Veterinary Training and Research Station, King Faisal University, Al-Hassa,
Kingdom of Saudi Arabia. The main properties of the used soil are listed in
the Table (1) including the salinity (EC), pH, CaCQ,; concentration and
particle size distribution. The soil analysis was done following the methods
outlined in Rowell (1994). pH was determined ina 1: 2 : 5 soil-distilled water
suspension while EC was determined in 1:2.5 soil: water extraction.

Table (1): Main properties of the used soil.

Salinity (E.C) | PH CaCoO; Particle size distribution Textural
dsm-~" (%) (%) class
Sand Silt and clay
| 1.60 7.80 7.00 96 4 Sandy |

In the current study, 13 different concentrations of drainage and tri-
treated, di-treated and ground waters were used. The irrigation treatments
were: 1- Zero G+100%R, 2- 25%G+75%R, 3- 50%G+50%R, 4- 75%G
+52%R, 5-ZeroG + 100% T,6-25% G +75% T, 7-50% G + 50% T, 8- 75%
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G + 25% T, 9- Zero G+ 100D, 10-25% G + 75% D, 11- 50% G + 50% D,
12- 75% G + 25% D, 13-Control 100% ground water. (G = Ground water, R=
Drainage water T = Tritreated water , D = Ditreated water). The mixed
irrigation water was completed on a daily basis. The pot experiment
consisted of 13 treatments designed in complete randomized blocks with four
replicates.

Data of Table (2)are summary of drainage, tritreated, ditreated and
ground water chemical analysis. An aged of 15 days cucumber seedlings
(Erigon cultivar) were transplanted on 9 and 5™ of October 2000 and 2001
respectively. All other common greenhouse practices for cucumber were also
peiformed. At the end of experiments, fresh/dry weight/plant % and
cucumber vyield (kg) and heavy metal (Pb, Cd and Co )in the cucumber
pants and soil were measured in the pot piants.

£¢ and pH of the soil were analyzed following the methods described
by Page et al. (1982). The plant tissue was dried in a forced-air at 50 °C. The
teavy metal concentrations in the plant tissue and soil were determined after
nitric-perchloric digestion using the atomic absorption spectrometer of Perkin
Elmer 3030 equipped with the background corrector (Petruzzelli et al., 1985).
All data obtained were subjected to the nroper statistical analysis (Gomez
and Gomez 1984). The least significant differences at the 5% level (L.S.D.
5%) were also calculated.

Table (2): Summary of chemical analysis of drainage, tri-treated, di-
‘reated and ground waters. (By atomic absorption

spectrometer)
, _ _|ecdsm” | pH |Pbmgliter|Cg mg/liter! C‘jo
‘Chemical analysis mg/liter
(Drainage water 266 7.80 3.60 205 3.30
[Tri-treated water 260 | 7.70 380 327 395
Di-treatad water 2.67 6.93 3.75 310 1 315
|Ground waier 19 [ 6.60 0.65 009 | 0.186

RESULTS AND DISCUSSION

Tante (3) includes the Pb (Lead), Cd (Cadmium) and Co (Cobalt)
concentraticns of soil and cucumber plant tissues affected by the irrigation
with drainage, tri-treated, di-treated and ground waters. The obtained data
show that rrigation with zero G (Ground water)+ 100% Tri-treatment (Tri-
treated water) gave the highest concentration for heavy metais (Pb and Cd)
in the scii and cucumber plant tissues) the second rank was 25% G (Ground
water)+ 75% T (Tri-treated water) treatment. While the highest vaiue for Co in
the soil was obtained after using 100% drainage water. On the other hand the
highest concentration of Co in the cucumber plant was obtained after using
100% di-treated water.
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Table (3): Effect of drainage, tri-treated and di-treated irrigation waters
on Pb, Cd and Co, contents in soil and cucumber plants
(average of two seasons 2000-2001).

Heavy metals in soil and plant tissue (mg/kg)

Treatments Soil Plant tissue

Pb cd Co Pb cd Co

2.512.49/1661.663.29327| 150 [1.061.06| 2.11

2.472.46|1651653.263.21] 150 |1.061.05 210

1.46 2.10

1.45 2.09

]

6 12.902.86/2.81 2.70] 2.94 5192 1.90]2.011.96] 2.17 |
12.852.80/12652.60 290 1.86182{1.911.88 217 !

‘ | 289 | 2.16

: | 234 | 2.16
100% 12,822.78|2.56 2.49] 294 |1711.70/1.61 1.56 2.42 |
75% 12.752.7312.432.42/ 293 11701.64/1.431.42| 2.34 |
50% | 0.93 091 | 2388 | 093 90 | 232 |
25% 287 226 |
ol 1.08 | 1.09 |
% | 003 | 0.06 005 | 004 | 0.06 | 0.03 |

The same Table showed that there are significant variances between
ali treatments and control. The lowest concentration of Pb.Cd and Co in scii
:md in the cucumber tissue was obtained after irngation with ground water
0 On the contrary, the used tri treated water at 100% T and or 25%
ad accumulation of Pb and Cdin the pot soii resuited in an
= and Cd uptake by the plants. These results are in
~2 with the findings of other researchers EL-Eed and Hamaiel
and Koo (1991), El-Madini et al. (1995), Waly et al. (1987), and
Ar et al. (1998).

Un the other hand, the increased accumulation of Co in the soit was
optainec  after conti.uos rrigation with drainage, while the highest
concentration of Cobalt in plant tissue was obtained after irrigation with 100%
di -treated water. The increase in the availability of heavy metal enhanced the
cucumper growth processes positively or negatively affecting the cucumber
yield. In cur experiment the increase in heavy metals of the soil could have
negative effect on dry/fresh weight per plant %, while the high concentration
of heavy metal in plant tissue gave negative effect on cucumber yields.

Taoln (4) shows that the increase in the dry/fresh weight/plant % was
greater using (100% G) treatments. This treatment gave the lowest
cencentration for Pb, Cd and Co in soil and plant. The second value by using
(50% G + 50%T) treatments, while the highest cucumber yield was obtained
after using control (ground water only, the second value for yield was
obtained with 75%G + 25%R) treatment, moreover the third rank was (75%G
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+ 25% T) treatment. This table showed that all drainage, treated water and
ground water irrigation treatments caused a significant differences in the
dry/fresh weight/plant % and cucumber yield. The lowest value for dry/fresh
weight was obtained after using (25% G + 75%R) treatments, while the
lowest value for cucumber yield was obtained after using (25% G +75% D)
treatment gave. Similar results are observed by other investigators. Johns
and Mc Conchie (1994), Zekri and Koo (1991), Barneda et al. (1993), Neilsen
etal. (1991) and AL-Eed and Hamaiel (2002).

Table (4): Effect of Drainage, tri-treated, di-treated water irrigation on
dry/fresh weight plant %, yield kg/plant of cucumber plants,
average of two seasons (2000-2001).

| Treatments Dry/fresh weight plant |  Yield (kg/plant) |
| (%)
T R T T
THzero  100% G 38 |
2-25%  75% | 052 |
T3-50%  50% i | 0.71 |
TaT5%  25% | 17.33 079 :
{ S

1 G R ‘T

T1-zero  100% 18.66 | 0.50
T2-25%  75% 18.33 0.64
T3-50%  50% 19.33 I 0.65
T4-75%  25% 18.33 0.75

G D

T9-zero  100% 17.00 0.60
T10-25% 75% 17.66 0.40
T11-50% 50% 18.00 0.50
T12-75% 25% 16.66 0.60

T13- Control 19.66 1.60
LSD.at5% 1.41 i 0.12

Fig. (1) Showed, lead concentration in different type water (drainage,
tri-treated, di-treated and ground water) and Pb concentration in soil, plant
after irrigation, data showed that the highest Pb concentration in soil, plant
and water was obtained after using tri -treated water, while the lowest Pb
concentration in plant was obtained after using ground water (control).

Fig. (2) Showed Cadmium concentration in different type water
(drainage. tri-treated. di-treated and ground water) and Cd concentration in
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soil, plant after irrigation data showed that the highest Cd concentration in
soil, piant and water was obtained after using tri-treated water, while the
lowest Pb concentration was obtained after using ground water (control).

Fig, (3) showed Co concentration in different type water (drainage,
tri, di. and ground water) and concentration in soil, plant after irrigation, data
showed that the highest Co concentration in soil was obtained after using
drainage water, while the highest Co concentration in plant was obtained
after using di-treated water. On the other hand the highest Co concentration
in water was obtained after using tri-treated water, while the ground water
{contrah treatment gave the lowest Co concentration for soil, plant and water
after wriga...:.. Similar results were obtained by AL-Eed and Hamaiel (2002).

| BSoail 8 Plant O Water

Pb (ppm)

QLTI RCL G Y

. o 7 gt LA e Va

R T D G

Fig. 1. Lead concentration (Pb) in treated water: drainage (R), tri (T), di
(D) and ground water (G), soil and plant after irrigation.
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Fig. 2: Cadmium concentration (Cd) in treated water: drainage (R), tri
{T), di (D) and ground water (G), soil and plant after irrigation.
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Fig. 3: Cobalt concentration (Co) in treated water: drainage (R), tri (T), di
(D) and ground water (G), soil and plant after irrigation.
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CONCLUSION

The irrigation of cucumber plants with tri-treated water 100% gave
the highest concentration of Pb and Cd in soil and cucumber plant .while the
highest value for Co in soil resulted with using 100% drainage water
treatment , the highest Co value in plant with using 100% di-treated water.
On other hand, the highest dry/fresh weight plant % and cucumber yield was
obtained after irrigation with ground water only (control).
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