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Uptake of Cd and Ni by spinach, Spinacea oleracea (L.)
from polluted soil under field conditions
as affected by salt water irrigation
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Abstract - Both heavy metal pollution and soil salinization are increasing in dry areas. Nevertheless, salinity-heavy
metal interactions in soils and crops are not well understood. This work aimed at evaluating the effect of salt water irrigation on the uptake of Cd and Ni by spinach from a polluted soil under field conditions at the Nahda project site,
northwest of Egypt. Microplots were irrigated either with water or with salt solution (0.8 g·L
) for 9 weeks.
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Subsequently, the plants were harvested for root evaluation and plant as well as soil chemical analysis. Salt water irrigation stimulated root development and enhanced the extractability of Cd and Ni from soil as well as their uptake by
spinach considerably. Possibly related interactions are discussed. The results suggest that the risk of leaching of heavy
metals into surface waters and their transfer to the food chain in salt affected areas may be much greater than so far
assumed. (&copy; Inra/Elsevier, Paris.)
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Résumé - Influence de l’irrigation à l’eau salée sur l’absorption de Cd et de Ni par l’épinard, Spinacea oleracea
(L.), à partir d’un sol pollué, en conditions de plein champ. La pollution par les métaux lourds et la salinisation du
sol sont en augmentation dans les régions sèches. Néanmoins les interactions salinité-métaux lourds dans les sols et les
cultures sont mal comprises. Ce travail vise à évaluer l’effet de l’irrigation à l’eau salée sur l’absorption de Cd et de Ni
par l’épinard à partir d’un sol pollué en conditions de plein champ sur le site Nahda, au nord-ouest de l’Égypte. Des
microparcelles ont été irriguées soit avec de l’eau, soit avec une solution saline (0,8 g·L
) durant neuf semaines. On a
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ensuite récolté les plantes pour évaluer le système racinaire et faire l’analyse chimique de la plante et du sol. L’irrigation
à l’eau salée a stimulé le développement racinaire et considérablement augmenté l’extractibilité du Cd et du Ni du sol,
ainsi que leur absorption par l’épinard. Les interactions possibles liées à ce phénomène sont discutées. Les résultats suggèrent que le risque de lessivage des métaux lourds dans les eaux de surface et leur transfert à la chaine alimentaire dans
des régions touchées par le sel peuvent être beaucoup plus élevés qu’on ne le pensait jusqu’ici. (&copy; Inra/Elsevier, Paris.)
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1. INTRODUCTION

Developing countries in dry areas are expanding
agricultural food production on marginal land surrounding cities with major ecological problems.
These include the lack of waste water treatment
facilities, the scarcity of high quality irrigation
water and increasing heavy metal pollution of soils
and waters [13]. Considerable loads of salt and
heavy metals from domestic and industrial origin
therefore find their way into soils through the agricultural irrigation-drainage system. World wide,
more than 30 % of irrigated lands are affected by
salinity [8]. A similar increase in heavy metal pollution on many sites has occurred during the last
few decades due to increasing application of industrial materials and the lack of measures for pollution control [16]. The management of salt affected
soils is well documented [5, 6, 21, 28]. Similarly,
the transfer of heavy metals from polluted soils to
the food chain has been a subject of extensive
research over the last few years [13, 19, 25, 27].
Nevertheless, scant attention has so far been devoted to the possible interaction between soil and
water salinity and the transfer of heavy metals to
crops. This is surprising because during recent
years experimental evidence has accumulated
(table I) which suggests that both the bioavailability of heavy metals in soils as well as several plant
root functions are affected under saline conditions.

Table I summarizes some factors and processes
which may be modified by soil salinity and are
believed to be directly or indirectly involved in
soil-plant heavy metal transfer under saline conditions. Some salt induced effects may have a positive
(+) effect, while others may induce a negative (-)
effect on metal fluxes in soil-plant systems. The
overall effect on heavy metal uptake by plants is
therefore hard to predict.

Against this background, this work aimed at
evaluating the uptake of nickel and cadmium by
spinach grown on a slightly heavy metal polluted
field at Nahda, northwest of the Nile delta of Egypt,
as affected by salt water irrigation.
2. MATERIAL AND METHODS

2.1. Field

experiment

The project site Nahda, an alluvial sandy aridisol, was
taken into production in 1958. Various ameliorative
practices were carried out in order to remove excess salt
and to improve soil fertility. These measures include the
use of gypsum, leaching of salt, inclusion of leguminous
green manure in the crop rotation and the application of
composts occasionally enriched with canal sediments.
Soil characteristics and heavy metal contents as well as
their changes between 1972 and 1995 are summarized in
table II.

microwave digestion as described by Padeken [25]. The
presented results are mean values of six replicates. The
least significant differences (LSD) between treatment
calculated
Snedecor [30].

means were

ing

to

as a

function of variance accord-

3. RESULTS AND DISCUSSION

3.1.

After application of a reduced standard mineral fertilizer of 60 kg N, 40 kg K and 20 kg P per ha, and after
sowing the spinach seeds (Spinacea oleracea cv.
Monopa), the experimental field was divided into twelve
4 x 12 m plots, six plots for each of the two irrigation
treatments, namely a control and a salt treatment. The
control was irrigated with deionized water and the salt
treatment received a salt solution at a concentration of
0.8 g salt per litre (equivalent to 12.6 mM) consisting of
NaCl, 4
SO and CaCl
2
Na
2 at a molar ratio of 20:1:0.5,
respectively. This corresponds to the average salt content
of water used for irrigation in this area. Water application was achieved by a manual sprinkler which was operated to maintain soil water content at 5 cm deep above
60 % of the field capacity.

2.2. Methods

Nine weeks after emergence the plants were harvested for yield determination and analysis. Immediately
after harvest the soil was sampled by auger to 30 cm
deep. Soil subsamples from which visible roots were
removed were used for chemical analysis. The preparation of soil saturation extract was carried out according
to Richards [28]. The roots from further soil subsamples
were carefully washed out of the soil for chemical analysis and root length determination by an intersect method
as described by Tennant [31]. Root length data were calculated per unit soil volume to express soil rooting density as well as per unit shoot to give an estimate of the
root absorbing potential available to the shoot. Metal
concentration in soil, soil extracts and plant material was
determined by atomic absorption analysis after

Heavy metal accumulation in Nahda soils

Heavy metal pollution of soils is increasing
world wide [27]. In industrial countries, heavy
metal pollution of soils and crops has been
researched extensively. In contrast to industrial
countries relatively little attention has so far been
paid to heavy metal pollution of agricultural soils in
developing countries where it is generally assumed
that environmental pollution is mainly related to
industrial activities. The present work demonstrates, however, that heavy metal pollution may
proceed far away from industrial activities owing to
recycling of waste water and the application of
heavy metal contaminated fertilizers and composts.
As indicated in table II the soil Ni content at
Nahda increased rapidly between 1972 and 1984
from 6.74 to 18.2 mg·kg
-1 by a factor of about
three. During the same period the soil Cd concentration increased almost ten-fold. After 1984, the
application of heavy metal contaminated canal sediments to Nahda soils was stopped. Nevertheless,
the soil Cd and Ni concentration continued to
much
more
increase,
slowly, however.
Unfortunately, there are no available records on
heavy metal loads transferred to Nahda soils
through canal sediment application. The slowdown
of soil Ni and Cd accumulation after 1984 (table II)
suggests, however, that canal sediment may have
been the main source of soil heavy metal pollution.

3.2. Soil salinization

through irrigation

At the Nahda area, the usual annual irrigation
is about 5·10
6 L·ha
-1 [12]. With an average salt

rate

it is furthermore evident that Na plays the principal
role in the osmotic adjustment of spinach.

3.3

Salinity-Heavy metal interaction

The rate of heavy metal uptake by plant roots
depends on metal concentration at the root surface
and on several uptake characteristics of the roots [2,
25]. The results of this work provide evidence that
increasing salt concentration in the root environment affects both aspects independently.
As indicated in table IV, the salt treatment affected the concentration of Cd and Ni in soil saturation
extract differently. While the extractability of Cd
was enhanced significantly, the Ni concentration
was hardly affected by the salt treatment. The reason for this discrimination is not clear, but it may be
attributed to different sorptive behaviour [29] of
both metals, however.
content of

irrigation

water of 0.8

,this
-1
g·L

sponds to an annual salt input of about
4 000 kg·ha
.The relatively moderate increase in
-1
soil salinity between 1972 and 1995 (table II)
demonstrates, therefore, good salinity control practices. Nevertheless, it is evident from table II that
the soil salt content has increased consistently with
time. This was attributed partly to organic matter
and clay enrichment which enhances water retention after irrigation and subsequent evaporation
from topsoil [12].
Salt water irrigation at this salinity level showed
adverse effect on the growth of spinach. As
shown in table III, the dry matter yield was even
increased slightly while the root development was
enhanced significantly by salt water application. A
similar stimulating effect of moderate salinity on
plant growth has been reported [9] for several salt
tolerant plant species and may be related to a
favourable osmotic effect of low salinity levels. In
agreement with this interpretation, the increase in
mineral element contents of spinach due to salt
water irrigation (table III) demonstrates a considerable ability for osmotic adjustment to salinization
of the root environment. From the data of table III
no

solubility effects, the salt
uptake of both metals by
spinach considerably (table V). These results confirm previous findings with maize and ryegrass [ 13,
16]. Salinity-Heavy metal interactions are difficult
to interpret, however, because of the many factors
(table I) involved directly or indirectly in heavy
metal uptake by plant roots which may be affected
differently by soil and water salinity. An example of
indirect salt effects on heavy metal uptake by plant
roots is the modification of root development. Table
III shows clearly that the salt treatment increased
the root length and enhanced the soil rooting density as well as the root/shoot ratio considerably. The
results presented in table V indicate furthermore
In

corre-

spite

of differential

treatment enhanced the

the rhizosphere of salt affected plants under field
conditions. This work suggests furthermore that the
risk of leachabilility of heavy metals from soils and
their transfer to the food chain under saline conditions may be much greater than so far assumed.
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