J. Agric. Sci. Mansoura Univ., 30 (12): 8303 - 8312, 2005

RISKS OF PROLONGED DRAINAGE WATER USE IN CLAY

SOILS IN NORTH DELTA, Egypt

Gendy, A.AS.
Soil, Water and Environment Research Institute, ARC, Egypt

ABSTRACT

Two clay soils differed in their irrigation water resources were chosen and
wheat (Sakha 61 variety) was planted during 2002/2003 seascn. 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 iong-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 margina! drainage
water in irrigating (soil 2) resulted in a remarkable 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 in secil (2) than soil (1) befcre
planting. These values decreased after wheat harvest and the reducti>n was more
pronounced in soil (2). DTPA-extractable micro-nutrients (Fe, Mn and Cu} and heavy
metals {Pb, Cd and Ni} recorded higher values in soil (2) than soil (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 foliowed when the farmers were obliged
to reuse marginal drainage water for irrigation to reduce the hazard effects on soll,
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 waler use efficiency and reusing of
drainage water for irrigation is a must.

In many parts of north Delta, farmers are obligec to reuse drainage
water for irrigation especially in the terminal ends of irrigation canais. Use of
saline water may result in reduction of crop yield, 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 metals to the soil and plant. These
metals are taken up from soils and bicaccumulated 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, 1996). The rate and extent of the ifons movement
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within plants depend on the metal concerned, 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 plant 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
metals.

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 water. The second one {soil 2} located in the
terminal end of imigaticn canal and usually irrigated with ‘drainage water for
about 10 years ago. The selected soils was cultivated 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 collected 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 samples were also DTPA-
extracted and Fe, Mn, Cu, Pb, Cd and Ni were determined using the atomic
absorption spectrophotometer according to Lindsay and Norvell {(1978).
Aggregate size distribution in undisturbed scil samples were determined by
Yoder (1936}, Wheat straw and grains at harvest were collected for analysis.
Dry ashing technigue 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 characteristics of Nile and drainage. waters used for
irrigation of wheat plants are shown in Table (1). Data showed that EC of Nile
water was 0.46 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 scdicity,
according to Richards {1969). 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 (1984}, 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.
(1980). Results in Table (1) cleared also that the groundwater of soil (2)
which irrigated with drainage water recorded higher values of the measured
heavy metals than that irrfigated with Nite water (soil 1}.

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

Water Anions meq/L Cations meg/L EC {SAR | Water W.T
sample HCO, | € [s05|ca™| Mg™ [Na' | K [dSm class |depth {cm)
Nile water” 200 | 400 [1.741424| 212 1421016 |0.4610.87 | Cy-5,
{sail 1)
Drainage water*| 8.00 | 22.00 {6.84(6.48| 9.88 20.001048|2.96| 7.0 | Cs-Sy
{sail 2)
Ground water
Sail {1) 580 | 200 |6.7814.24| 596 22.21/0.18]2.58 135
Soil {2) 7.00 [100000]26.45{16.96] 36.08 {80.0 | 0.41 [12.03 80
Heavy metals concentrations in water samples {ppm)
Fe Ma Cu Pb cd | Ni
Nile water” 1.841 0.067 0.015 0.214 0012 | 0.081
{so0il 1)
Drainage water® 2.454 .180 0.033 0.325 0012 0.185
(s0il 2)
Ground water 2813 0.145 C.025 0.330 0.047 0.107
Soit (1)
Ground water 3.465 0.248 0038 0.451 0.027 0.271
(s0il 2}
Permissible
levels London 5.0-20 0.2-100 0.2-50 50-10.0 0.001-0.05 0.2-2.0
{1984)

2. Soil chemical characteristics:

Data in Table {(2) show that, before wheat planting the soil irrigated
with fresh water (soil 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
iayer (80-120) and 120-150 cm) after wheat harvest. While, the soil irrigated
with drainage {mixed) water (scil 2), before wheat planting has high ECe
values varied from 6.75 fo 9.25 dS/m which increased wiih 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 El-Soud (1987), Abo-Soliman ef al. (1992) and Sobh et al. (1997).
They reported that increasing salinity of applied water or using poor water
quality 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 scil ECe and SAR.
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Table (2): Soil chemical characteristics before wheat planting and after harvest.
[ _No. profile Anions megfL Cations meq/L [ ke P | <ae [OM CEC |
Depthem | ©* | HCO. | ¢ | so | ca” Mg* Na' K* | dsim [(1:2.5) SAR | o ;’c"';_qé Esp
' Belfore planting ‘ :
Soil (1)
0-30 450 1100 | 7.48 6.72 412 12.00 0.14 194 | 851 515 1153|4824 |6.56
30-60 450 | 160 | 388 472 3.44 16.00 022 | 241 | 855 | 7.92 [0.92| 4243 [10.06
50-90 250 | 200 | 310 424 3.92 17.20 024 | 278 | 851 | 851 {063
90-120 - 400 | 200 | 492 6.20 4.44 18.00 028 | 278 | 845 | 7.79 |078
120-150 - 0 | 300 | 481 8.48 5.80 25.20 037 | 352 | 837 | 944 |065
Soil (2)
0-30 35 | 500 | 2947 | 2044 15.36 46.80 037 | 675 | 815 | 11.06 {1.69|47.21 [12.36
30-60 - 25 | 600 | 4670 | 848 28,24 72.00 054 | 842 | 813 | 1682 (0773926 1358
60-90 - 25 | 700 | 3693 | 1696 19.76 72.00 0.71 842 | 807 | 1681 [0.78
90-120 20 | 800 | 2862 | 1696 19.76 7320 070 | 925 | 808 | 17.02 |066
120-150 20 | 600 | 2759 | 1664 22,52 50.00 043 | 759 | 811 | 11.31 {061
After harvest
Soil (1)
0-30 - 40 | 100 | 333 5.3 1.80 10.00 017 | 153 | 854 | 529 [1.16]|48.24 |8.60
30-60 40 14.0 197 424 1.868 13.60 025 208 | 865 | 777 |0.78|42.43 [14.85
60-90 . 40 | 200 | 389 4.24 3.92 19.40 033 | 268 | 852 | 9.60 |0.70
90-120 - 30 { 200 | 1722 | 1120 7.40 21.20 042 | 342 | 843 | 695 |072
| 120150 - 35 | 200 | 1805 | 848 5.80 26.80 047 | 389 | 840 | 10.04 {0.85
Soil (2)
0-30 . 40 | 500 | 2035 | 1272 972 51.60 0.31 829 | B.16 | 1540 |1.74] 47.21 |16.95
30-60 - 25 | 600 | 3117 | 1272 16.88 63.60 047 | 860 | 812 | 1652 {1.00|39.26 |18.99
60-90 - 25 700 | 31.86 16.96 23.84 62.80 076 1048 | 801 | 1389 {0.78
80-120 - 25 | 600 | 3674 | 848 20.08 70.00 068 | 860 | 806 | 1852 |0.72
120-150 - 20 | 600 ! 3654 | 1272 21.96 63.20 066 | 828 | 807 | 1519 |070

O.M : Organic matter %

CEC: Cation exchange capacity

ESP: Exchangeable sodium percentage

V'V ‘Apusn
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Data in Table (2) also revealed slight decrease in soil pH values
under soil irrigated with drainage water as compared to that irrigated with
fresh one. In this concemn, Mustafa ef al. (1992), reported that increasing
salinity level of imigation water was slightly decreased soil pH. O.M %
decreased with increasing soil depth and the effect of irrigation water quality
on grganic 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 metais with using Nile water for irrigation
{sail 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
results are in agreement with those obtained by Ei-Wakee! and Ei-Mowelhi
(1993) and Abo-Hussien and El-Koumey (1997). They found that, 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
depth(cm) | Fe | Mn | cu [ Pb | €d | Ni
Before planting

0-30 18.04 | 10.32 | 3.50 (0.68 0.04 1.54
Nile water 30-60 16.82 | 9.38 | 3.46 | 0.88 004 | 1.38
(soif 1) 60-90 11.88 | 8.96 | 3.44 0.92 012 | 1.30
90-120 1136 | 880 1 264 ¢ 096 | D12 1.10
Mean 1455 | 937 : 3.26 | 0.86 | 0.08 1.33

Drainage 0-30 2040 [ 1162 ] 496 | 1.24 | 0.10 | 1.82
water 30-60 1570 | 10.54 | 3.54 | 1.00 | 0.10 | 1.84
{scil 2) 60-90 14.66 | 10.70 | 348 | 132 | 006 | 2.32

90-120 16.06 | 8.60 | 446 | 1.08 | 012 | 1.94

Mean 16.7 | 10.37 | 411 | 1.16 | 0.095 | 1.98
After harvest i

0-30 1940 | 1172 ] 388 | 088 | 0.10 | 184 |

Nile water 30-60 1578 | 972 | 346 | 076 | 0.06 | 1.12
(soil 1) 60-90 11.92 | 766 | 290 | 080 | 0.08 | 1.04

90-120 11.24 | 7.74 | 3.72 112 | 0.06 1.54
Mean 14.58 | 9.21 349 | 0.84 | 0.075 | 1.39

Drainage 0-30 2296 | 1282 | 6.24 | 132 | 0.12 | 2.52
water 30-60 | 20.84 | 1140 | 470 | 1.28 | 0.12 | 2.56
(soil 2) 80-90 | 14.74 | 978 | 396 | 120 | 0.10 | 2.66

90-120 13.26 | 8.94 | 3.52 1.12 + 014 | 2.38
Mean 17.95 | 10.74 | 4.61 1.23 | 012 | 253
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3. Aggregation stability of soils:

" 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 mmy) (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 soll organic mater {O.M%) and the high values of ESP with depth
(Table 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 irrfigated with drainage water (soil 2) before wheat planting and after
harvest was high compared to soil irrigated with fresh one (Soil 1). Kandii 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 ef al. (1997) revealed that, the
sadicity levels might seriousty affect soil structure stability.

Table (4): Aggregation stability of the studied soiis under wheat crop

as influenced by irrigation with different qualities.
Distribution of WSA % > Total | Structure | Optimum Me_an Aggregation

0.26 mm WSA % > fricient| si f weight index

182 21 [10.5[0.50.25 o |ae =, |diameter|

Treatments| Soll mm | mm L mm | mm 0.25mm | (S.C.) [|aggregate (MWD) (Al}

Before planting
Nike water | 0-30 | 0.05|10.25] 46.0 | 12.75 69.05 2.23 56.25 0.549 0.275
30-60( 0.13 |12.50{ 30.0 } 14.25 56.88 1.32 42.5 0.473 0.236
Drainage | 0-30 | 1.28 | 8.0 132.25} 12.25 53.78 1.16 40.25 0.470 0.235
water 30-80| 0.13 | 5.0 {18.25] 11.75 3513 0.54 23.25 0.262 013
After harvest

Nile 0-30 |1 0.18 | 4.75 ]28.25| 13.50 46.68 0.88 33.0 0.343 0171
water 30-60) 0.25 | 5.75 [14.75] 12.0 3275 0.49 205 0.254 0.127
Drainage |{0-30)0.08| 2.0 j21.75 150 38.84 0.64 23.75 0.254 g.127
water 30-60|/0.2511.75 [16.25; 9.00 27.25 0.49 18.0 0.232 C.116

4. Wheat growth, yield and heavy metals content:

Data in Table (5) indicated that using drainage water for irrigation
(soil 2} significantly reduced growth parameters and yield components of
wheat crop compared {o those, irrigated with Nile water (soil 1). The average
number of tillers after 60 days from sowing, number of tillers per plant at
harvest and number of spikes per plant in (scil 1) were 8, 6 and 5. These
values reduced o 4, 3 and 1 in (soil 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 2.68 gm. for soil (1) and (2), respectively. The
reductions in wheat growth parameters may be attributed to soil salinity and
specific ion effects on wheat growth. Maria (1992) found that, application of
water salinity of 4000 ppm resulted in significant decrease in number of
spikes/plant, spike length number of kernels, mean spike weight of 100
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kernels and grain yield/plant of wheat in hoth seasons. Sobh et al (1997)
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.
T

T

No. of . -
. Maximum i No. of . . Grain 100
Plant [Mer ANEM “growtn | tillersy |Biclodic| Strawe HUMBS! | yietds | kernels
No. ays dry weight| plant at al yield | yield iof spikes/ Plant weight
from {gm) {gm) plant {
sowing {gm) harvest {gm) gmj
Nile water
1 9 1419 7 31.06 | 2008 s 10.98
2 7 9.70 5 25.21 1227 4 12.94
3 7 923 7 3189 ; 1859 7 13.10
4 7 B.80 6 3169 | 2040 6 11.28
5 8 13.71 7 2552 | 1596 5] 956
6 8 6.29 5] 19.25  10.Y5 & §.50
7 10 11.01 7 2952 | 1838 B 10.14
8 2] 16.89 8 3313 | 21.22 5 1211
g g 6.51 5 18.08 | 12.09 4 6.99
10 8 17.17 6 5452 | 36.08 5 18.44
Average 8 11.35 G 28 13.62 5 11.27 3.27
Drainage water
1 4 241 3 396 296 1 1.00
2 3 320 2 65 280 1 0.85
3 5 295 3 467 320 1 1.47
4 3 252 2 3.02 220 1 0.82
S 6 1.85 4 4.85 345 2 1.40
& 4 287 3 423 290 1 1.33
7 5 1.93 4 577 382 2 1.95
8 3 2.68 2 482 3.60 1 1.22
2] 4 365 3 4.98 315 2 1.83
10 2 307 1 371 2.96 1 0.75 i
Average 4 2.71 3 4.4 3.1 1.3 1.26 268 |

As to heavy metals content, results in Table (6) revealed generalily
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

accumulation of these metals in (soif 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 (ma/kg) dry weight

Treatments o an] Fe | Mn | Cu | Pb | Cd N
Nile water Straw | 135.8 57.0 6.8 5.5 0.35 15.5
{s0il 1) Grain | 62.8 29.5 0.95 0.77 0.08 0.37
:Drainage water| Straw | 152.0 | 71.8 8.0 8.5 0.52 19.8
' (soil 2) Grain | 67.8 41.5 2.08 1.95 0.15 [ 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
metais 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 metais in the irrigation water used,
Wolnick et 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
irrigation with drainage and Nile water, improving soil drainage conditions
and addition of some soil amendments such as gypsum and organic matier
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 seil properties, ptant growth,
yield quantity and quality as well as human health.
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