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ABSTRACT

Two clay soils differed In their irrigation water resources were chosen and
wheat {Sakha 61 variety) was planted during 2002/2C03 season. The first soil {soil 1)
usually irrigated with Nile water, while the second (soil 2) located in the terminal end
of irrigation canal and irrigated with drainage water 10 years ago. The objectives
were subjected to look upon and evaluate the effects of long-term irrigation with
marginal drainage water on some soil chemical and physical proprieties, wheat
growth, yield and heavy metals content of soil and wheat plants.

The obtained results showed that long-term reuse of marginal drainage
water in irrigating (soil 2) resulted in a rernarkabie increase in soil salinity and
sodicity as compared to soil 1. These values slightly increased more after wheat
harvest than before planting. Total water stable aggregates (TWSA) > 0.25 mm,
mean weight diameter (MWD), optimum size of aggregation (OSA %), structure
coefficient {(SC) and aggregation index (Al) were lower 1 soil (2) than sou (1) before
plarting. These values decreased after wheat harvest and the reducti on was more
pronounced in soil (2). DTPA-extractable micro-nutrients (Fe, Mn and ~u) and heavy
metals {Pb, Cd and Ni) recorded higher values in soil {2) than so!l (1) before wheat
planting and slightly increased in soil (2) after wheat harvest.

Data also showed that wheat growth parameters and yield component such
as number of tillers, number of spikes, maximum growth dry weight, biological yield,
straw vyield, grain yield/plant were markedly reduced in soil (2). The heavy metals
{Fe, Mn, Cu, Pb, Cd and Ni) content (mg/kg dry matter) of wheat straw and grains
increased in soil (2) than soil {1) and were higher in straw than grains. Special soil
and water management practices should be followed when the farmers were obliged
to reuse marginal drainage water for irrigation to reduce the hazard effects on soil,
plant growth, yield quantity and quality, as well as, mankind health.

INTRODUCTION

In Egypt, the population increased rapidly while the water resources
are limited. Consequently; to meet the increasing demands for foods;
improving irrigation system, increasing water use efficiency and reusing of
drainage water for irrigation is a must.

tn many pans of north Delta, farmers are obligec to reuse drainage
water for irrigation especially in the terminal ends of irrigation canals. Use of
saline water may result in reduction of crop yleld, meanwhile, sodic waters
may cause deterioration in the physical properties of soils, (Ramadan, S.A.
et al, 1989). On the other hand, use of such water irrigation may be
considered the major source for heavy melals to the soil and plant. These
metals are taken up from soils and bioaccumulated in crops, causing
damage to plants when reach high levels and under certain conditions are
becoming toxic to human and animals fed on these metals enriched plants
(El-Sokkary and Sharaf, 1998). The rate and extent of the ions movement
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within plants depend on the metal concemed, the plant organ and the age of
plant (Alloway, 1995). Chaney and Giordano (1977) classified Mn, Zn, Cd, B
and Se as elements which were readily translocated to the piant tips, Ni, Co
and Cu were intermediate and Cr, Pb and Hg were translocated to least
extent.

The present investigation was carried out to study the effects of long-
term irrigation with marginal drainage water on some chemical and physical
properties of clay soils in relation to wheat growth, yield and uptake of heavy
melals.

MATERIALS AND METHODS

Two alluvial clay soils differed in their irrigation water resources in
Sedi-Salem district, Kafr EI-Sheikh governorate were chosen. The first soil
(soil 1) irrigated with Nile waler. The second one (scil 2) located in the
terminal end of irrigation canal and usually irrigated with ‘drainage water for
about 10 years ago. The selected soils was cullivated using wheat grains
(Triticum sp.), Sakha 61 variety during 2002/2003 growing season. Tillage
operation and other agronomic practices were followed as recommended.
Soil samples were coilected in 30 cm increment to a depth of 120 cm before
wheat planting and after harvest. Total soluble salts (EC), soluble cations
and anions in soil paste extract, pH and cation exchange capacity were
determined according to Page (1982). Soil sampies were also DTPA-
extracted and Fe, Mn, Cu, Pb, Cd and Ni were determined using the atomic
absorption spectrophotomeler according to Lindsay and Norvell (1978).
Aggregale size distribution in undisturbed soil samples were determined by
Yoder (1936). Wheat straw and grains at harvest were collected for analysis.
Dry ashing techniqgue was used for sample digestion as described by
Chapman and Pratt (1961) and the abovementioned heavy metals were
determined according to Lindsay and Norvell (1978).

RESULTS AND DISCUSSION

1. Nile and drainage waters evaluation:

Chemical characleristics of Nile and drainage walers used for
irrigation of wheat plants are shown in Table (1). Data showed that EC of Nile
water was 0.48 dS/m and its SAR value was 0.87 and classified as (C.-S))
medium salinity low sodicity. While drainage (mixed) water EC was 2.96
dS/m with 7.0 SAR and classified as (C;-S,) very high salinity low sodicity,
according to Richards (1959). The drainage water can not be used on soils
with restricted drainage. Even with adequate drainage, special management
for salinity control may be required and a salt tolerant crop should be
selected.

Regarding to heavy metals, data in Table (1) showed that the used
drainage water coniains higher concentrations of Fe, Mn, Cu, Pb, Cd and Ni
metals compared with Nile Water. Although these concentrations still below
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the permissible levels according to London (19884), the drainage water could
reach values of such metals over the permissible levels through the
successive industrial and domestic effluents, Reuse of such drainage water
for irrigation purposes may result in increasing the background levels of soil
with time causing insidious effects to plant, animal and man, Ramadan et al.
(1990). Resuits in Table (1) cleared alsc that the graundwaler of soil (2)
which irrigated with drainage waler recorded higher values of the measured
heavy metals than that irrigated with Nile water (soil 1).

Table {1): lonic and heavy metals concentration of Nile, drainage and
ground water.

[ water Anions meg/L Cations meg/L EC [SAR[Water | W.T |

[gmi

sample |MHCO3| CI [SO%|Ca’| Mg” [Na' [ K' [dSim| _ | class [depth
Nile water” | 2.00 | 4.00 [1.74{424| 312 [1.42]0.16 0.46|0.87 | C:-S: '
{soil 1} 1 1
Drainage water] 8.00 | 22.00 (6841548 | 988 [2000/048|286| 70 | C.-S, B
(soil 2 ‘
Ground water ‘
Saill (13 580 | 200 1678[424] 506 22211018258 135
Soil {2) 7.00 [100.00[26.45[16.96| 36.08 [80.0 [0.41 [12.03 L [ &0 7
Heavy metals concentrations in water samples {ppti)
Fe Mn | Cu | Pb cd | Wi
Nile water 1.841 0.057 | Qo8 | 0214 €012 0021
(soil 1) __
Drainage water’| 2454 | 019D 0033 | 032 0019 L 0785 |
(sol 2) | | ‘
Ground water 2813 | 0145 0025 0330 | 0017 0.107
Soit (1) | » | E
Groundwater | 3485 | €248 | 0039 0.451 t Q027 o271 !
{s0il 2) ] L !
Permissible 1 | j
levels, London 5.0-20 021100 0.2-5.0 50-100 {000i-G05 | 0220 |
(1984) I

2. Soil chemical characteristics:

Data in Table (2) show that, before wheat planting the soi! irrigated
with fresh water (scil 1) has ECe values varied from 1.94 to 3.52 dS/m with
slight tendency to increase with increasing soil depth. These values slightly
decreased in the soil layers to a depth of 90 ¢cm and increased in the bottom
layer (90-120) and 128-150 cm) after wheat harvest. While, the soil irrigated
with drainage (mixed) water (soil 2), before wheal planting has high ECe
values varied from 6.75 fo 9.25 dS/m which increased with increasing soil
depth. After wheat harvest the ECe values were slightly increased and varied
from 8.29 to 10.48 dS/m. These results are in agreement with those obtained
by Abou Ei-Soud (1987), Abo-Soliman et al. (1992) and Sobh et al. (1997).
They reported that increasing salinily of applied water or using poor water
guality of irrigation water caused an increase in soil salinity, Also, SAR
values gave the same trend of ECe values (Table 2), El-Samanoudi (1992)
reported that, increases in either salinity or SAR of irrigation water causes
significant increase of s0il ECe and SAR.
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Data in Table (2} also revealed siight decrease in soil pH vaiues
under soil irrigated with drainage water as compared to that irrigated with
fresh one. In this concern, Mustafa ef al. (1992), reporied that increasing
salinity level of irrigation water was slightly decreased soil pH. OM %
decreased with increasing soil depth and the effect of irrigation water quality
on organic matter content was not clear,

Regarding to heavy metals in soils, data in Table (3) showed that,
using drainage water for irrigating wheat crop in soil (2) led to increase soil
contents of available micronutrients (Fe, Mn and Cu) and heavy metals (Pb,
Cd and Ni). While, there were no obvious differences in soil contents of
these micronutrients and heavy metals with using Nile water for irrigation
(soil 1}). The mean values of available Fe, Mn and Cu in soil (2) before
planting were 16.70, 10.37 and 4.11 ppm. These values increased to 17.95,
10.47 and 4.61 ppm after wheat harvest, respectively. Meanwhile, Pb, Cd
and Ni metals mean values were high by about 6.0, 26.3 and 27.7% after
wheat harvest than before planting in the same soil, respectively. These
resuits are in agreement with those obtained by El-Wakee!l and El-Mowelhi
(1993) and Abo-Hussien and Ei-Koumey (1997). They found thal, the total
and available forms of heavy metals increased by using poor quality water.

Table (3): DTPA-extractable heavy metals In soils before wheat

planting and after harvest.
Treatments| Profile DTPA-extractable heavy metals, ppm

|
depthicm) | Fe | Mn [ cu | Pb | Ccd | Ni |
- Before planting 1
0-30 18.04 [ 1032 | 3.50 | 068 | 0.04 | 1.54 |
Nite water 30-60 1682 | 938 | 346 | 0.88 | 0.04 | 1.38
(soil 1) 60-90 11.98 | 896 | 3.44 | 092 | 0.12 | 1.30 '
90-120 1136 | 880 | 264 | 096 | 012 | 110 |
Mean 1455{ 937 | 326 | 086 | 008 | 1.33 |
hrainage 0-30 2040 | 1162 | 496 | 124 | 010 | 1382 |
water 30-60 1570 | 10.54 | 354 | 1.00 | 0.10 | 1.84
(soit 2) ' 60-80 1466 | 1070 | 348 | 1.32 | 0.06 | 2.32 l
90-120 | 16.06 | 860 | 446 | 1.08 | 0.12 | 1.94
J Mean 16.7 110371 411 [ 116 [ 0095 [ 1.98

e

After harvest |

| 030 19407] 11.72'{ 3.88 | 088 | 010 [ 1.84
Nile water 30-60 1578 | 972 | 3.46 | 0.76 | 0.06 | 1.12 .
(soit 1) £60-90 1192 | 766 | 2.90 | 060 | 0.08 | 1.04 |
L 90-120 | 11.24 | 7.74 | 372 | 112 | 0.06 | 1.54 i
Mean 1458 | 921 | 349 1 0.84 | 0075 | 139 |
Drainage 0-30 2206 | 1282 ] 624 | 132 | 012 | 252
water 30-60 2084 | 1140 470 | 1.28 { 012 | 256
(soil 2) 60-90 1474 | 978 | 396 | 1.20 | 010 | 266
90-120 [ 1326 | 894 | 352 | 112 | 014 | 2.36
Mean 17.95 [ 10.74 | 461 [ 123 1 012 | 253
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3. Aggregation stability of soifs:

Data in Table (4) indicated that the values of total water stable
aggregates > 0.25 mm (TWSA% > 0.25 mm), mean weight diameter (MWD),
optimum size of aggregates (2-0.5 mm) (OSA%), structure coefficient (SC)
and aggregation index (Al) of the soil under wheat crop decreased with
increasing soil depth and after wheat harvest. This may be due to the low
values of soil organic mater (O.M%) and the high values of ESP with depth
(Tabte 2). Koriem et al. (1988a) reported that aggregation index and percent
of water stable aggregates decreased under wheat crop. Also, data showed
that, the reduction of TWSA > 0.25, MWD, OSA%, SC and Al values in the
soil irrigated with drainage water (soil 2) before wheat planting and after
harvest was high compared to soil irrigated with fresh one (Soil 1). Kandil et
al. (1995) reported hat deterioration in the aggregate status where the large
and intermediate aggregate size break down to form small aggregate < 0.5
mm diameter as sequence MWD and aggregation index had decreased due
to use low quality water. Also, Van Uffelen et al. (1997) reveaied that, the
sodicity levels might serfously affect soil structure stability.

Tabie (4): Aggregation stability of the studied soils under wheat crop
as infiuenced by irrigation with different qualities.

f 1 I Cistribution of WSA % > . l' Mean |, :
| ’ : 0.95 mm Total | Structure | Optimum weight 1 Aggregation

- WSA % > |coefficient| size of : index
; ] 82 ] 21 [10.50.5:0.25 {diameter o
| Treatments Soil | o | om { mm P | 0-25mm | (§.C) ’jggregateumwm | (Al

Sefore planting

' Nile water | 0-30 1 0.05 |10 25} 4601275 ] 6905 2.23 8625 | 0.549 0275
L 30-60/ 013 1250/ 300! 1425 | 56.88 1.32 425 0.473 0236 |
| Drainage | 0-30| 128 80 13225 1225 [ 5378 1.16 40.25 0470 0235 |
water |30-60/ 0.131 5.0 [18.25/ 11.75 | 13513 054 | 2325 0262 0131 |
After harvest

[ Nils |0-301018 1 4.75[28.25] 13.50 | 4668 | 088 330 [ 0343 | 0171 |
| _water |30-60{025/575|14.75] 12.0 | 3275 | 049 205 | 0254 | 0127 !
]
i

Drainage | 0-30[0.09| 2.0 521 75 150 | 38.84 0.64 2375 0254 1 o127
{  water 130-60/025]175,16.25| 900 | 2725 049 180 0232 | 0116

———t

4. Wheat growth, yieid and heavy metals content:

Data in Table (8) indicated that using drainage water for irrigation
(soit 2) significantly reduced growth parameters and yield components of
wheat crop compared to those irrigated with Nile water (soil 1). The average
number of tillers after 80 days from sowing, number of tillers per plant at
harvest and number of spikes per plant in (soil 1) were 8, 8 and 5. These
values reduced to 4, 3 and 1 in {s0il 2) for the abovementioned growth
parameters, respectively. Also, maximum growth dry weight, biological yield,
straw and grain yield per plant were lower in (soil 2) than (soil 1) by about
8.64, 23.60, 10.52 and 10.01 gm per plant, respectively. The mean weight of
100 kernels were 3 27 and 2.88 gm. for soil {1} and (2), respectively. The
reductions in wheat crowth parameters may be attributed to soil salinity and
specific ion effects on wheat growth. Maria (1992) found that, application of
water satinity of 4000 ppm resulted in significant decrease in number of
spikes/plant, spike !ength number of kernels, mean spike weight of 100
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kernels and grain yield/plant of wheat in both seasons. Sobh et al (19987)
reported that, grain, straw yield and 1000 grain weight had significantly
reduced by increasing water salinity in the clay soil.

Table (5): Effect of different sources of irrigation water on growth and
yield components of wheat crop.

No. of . . 1
tillers after Maximum NO' of Biofogic | Straw | Number G_raln 100
Plant growth tillers/ . ! . yield/ kernels |
No. 60 days dry weightl plant at alyield | yield of spikes/ Plant weight
from {gm) {gm} plant {gm) (gm)
sowing {gm) harvest 1 g g
Nile water
1 8 14.19 7 3106 | 2008 5 10.98
2 7 9.70 5 25.21 1227 4 12.94
3 7 923 7 31.69 | 1859 7 1310
4 7 8.80 8 3169 | 2040 6 11.29
5 8 13.71 7 2552 15.96 5] 9.56
8 8 6.29 6 19.25 | 10.75 6 8.50
7 10 11.01 7 2952 | 19.38 6 10.14
8 9 16.89 & 33.13 21.22 5 12.11
9 8 551 5 19.08 | 1209 | 4 L 6.99
10 8 | 1717 <] 54.52 36.08 5 18.44
Average g8 | 113 [ 6 | =28 13.62 s I nar 327
Drainage water
o 4 2.41 3 [ 396 | 296 17 100
2 3 320 2 3.65 2.80 1 0.85
3 5 2.95 3 487 320 1 1.47
4 3 252 2 302 2.20 1 0.82
5 6 1.85 4 485 3.45 2 1.40
& 4 2.87 3 423 2.90 1 133
7 5 1.93 4 577 3.82 2 1.95
8 3 2688 2 4.82 380 1 1.22
9 4 3.65 3 4,98 315 2 1.83 |
10 2 3.07 11 37 2.96 1] 075 i
[Average| 4 271 3 1 aa 3.1 13 | 128 | 288 |

As to heavy metals content, resulis in Tabie (6) revealed generally
that, the studied heavy metals content; Fe, Mn, Cu, Pb , Cd and Ni mg/kg
dry matter increased in the grains and straw of the wheat by using mixed
drainage water for irrigation (soil 2) compared to that irrigated with Nile water
(soil 1). This may be due to the higher concentrations of such metals in the
used drainage water than that of Nile water, (Table 1) and consequently the
accurnulation of these metals in (soil 2) than (soil 1).

Table (6): Effect of water quality on heavy metals contents of wheat
plants (mg/kg dry weight).

Plant | Heavy metals concentrations (mg/kg) dry weight

Treatments | gan] Fe | Mn | Cu | Pb | Cd | Ni
| Nilewater | Straw | 1358 | 57.0 | 6.8 55 | 035 | 15.5‘ﬂ
| {soit 1) Grain | 628 | 295 | 095 | 077 | 008 | 037
Drainage water| Straw | 1520 | 71.8 | 80 | 85 0.52 19.8
(soil 2) Grain | 67.8 | 415 | 208 | 195 | 015 | 11.15
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These findings are in agreement with those obtained by Zein et al.
(2002) who reported that, the concentrations of heavy metals in grains and
straw of wheat under soil irrigated with drainage water is higher than that
irrigated with Nile water. They found also.that the concentration of heavy
metals in straw of wheat was higher than that in the grains, with both irrigated
treatments. The concentration of the previous metals in straw and grains of
wheat plants as affected by different sources of irrigation water may depend
on many factors such as, total and available concentration of these metals in
soil, soil pH and the content of these metals in the irrigation water used,
Wolnick ef al. (1985) and Davis and Smith (1980).

Generally, it could be concluded that, special water and soil
management practices (such as mixing with Nile water and/or alternative
wrigation with drainage and Nile water, improving soil drainage conditions
and addition of sorme soil amendments such as gypsum and organic matter
for soil remediation as well as selection of salt tolerant crop should be
followed when farmers obliged to re-use marginal water in irrigation to
minimize the hazards effects of such water on soil properties, plant growth,
yietd quantity and quality as well as human health.
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