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Effect of Wastewater Irrigation on Tagetes Plants
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Abstract. Field and cxperimental studies were conducted to determine the effect of some contaminants
which reached the water stream from a variety of sources near Ras El-S8oda arca (Alexandria) on some
ornamental crops and on marigoid plants. The combined industrial and animal wastes lead to large
inercase in microelement level in nursery surface soils. Roses, carnations and bird of paradise plants suf-
fered from chlorosis and necrosis. Water samples indicated significant increases in BOD  calcium. sodium.
bicarbonate. chloride and COD. Soii samples taken from the area irrigated for 3 years with wastewater
contained a higher concentration of K, Fe and Cu. The E.C. value of the soil was increased from 1. 7t0 7.0
mmhos/em. Growth of marigeld plants was stimulated by irrigation with water mixiure consisting of 35%
waste-water +63% tap-water but did not tolerate 100% wastewater treatment and with 100% mortality.
Leaves of tagetes plants irrigated with wastewater have similar concentrations of heavy metals as did plants
irrigated with wastewater. Heavy metal content of the soil irrigated with wastewater was gencrally close
to that of the contral {tap water). The E.C. was markedly increased when the soil was irfigated with 100%
waste watcr.

Introduction

Pollutants discharged from chemical industries are considered an important menace
to human life. Their drastic damage to agriculture is poorly understood, especially
under the Egyptian environment. Each pollutant has a primary clfect on various
crops either byd killing directly or by changing their physiology that the composition
and growth of the crops are drastically changed [1].

Million gallons of wastewater were discharged daily in lakes and streams in
Alexandria city. This effluent is usually highly enriched with plant nutrients as well
as toxic heavy metals. Use of such water in irrigation can cause a harmful effect on
vegetation. The phytotoxicity of industrial effluents has to be determined.

The aim of this work was to study the number of contaminants which reached the
water stream from a variety of sources near Ras El-Soda area on some ornamental
crops in a commercial nursery. The effect of irrigation with this polluted water on
marigold plants was also investigated in two different focations.
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Materials and Methods

First experiment

The commercial nursery was located 200 meters south of Siklam Dairy Procces-
sing Factory in Ras-El-Soda area, Alexandria. This Nursery is the largest commercial
nursery in Alexandria with 10 Acre production area and producing cut flowers, pot
and container plants as well as greenhouse and foliage crops. For the last 5 years,
nearly half of the production was irrigated by water taken from stream canal where
Siklam Dairy Proccessing Factory and an animal production station discharge their
effluents. The second half of the nursery area is designed to produce container plants
and irrigated with tap water.

Dairy plant (Siklam Dairy Factory) discharges the following quantities in the
drainage system [2].

Volatile material = 6.0 ton/day
Oil and lipid = 1.0 ton/day
BOD = 1.2 ton/day
COD = 3.7 ton/day
Suspended matter = 3.0 ton/day

During and after the experiment, samples of plant tissues samples of the soils of
the nursery (from depth of 20 cm) and irrigation water were collected and analyzed
for metal and other chemical and physical properties according to the standard
methods for water and wastewater analysis [3]. Trace metals were conducted using
acid digested wastes aspirated in jarrel ash 750 atomic absorption spectrophotome-
ter.

Second experiment

A pot experiment was run to study the effect of the wastewater effluents on
single ornamental crop. Weekly samples were obtained upstream and downstream of
the same wastewater stream. This wastewater was mixed with tap water at the fol-
lowig dilutions (by volume):
1-100% wastewater
2-70% wastewater + 30% tap water
3 - 35% wastewater + 65% tap water
4 - 100% tap water (control).

Tagetes erecta [.. seedling with 10-15 cm height were transplanted in 25 cm
diameter pots containing loam/sand media. The seedlings were irrigated every
3 days with the different wastcwater trcatments.

Two sets of cxperiments were carried out, the first was located at the com-
mercial nursery, whereas a similar and second set was conducted at Ornamen-
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tal Research Station; Faculty of Agriculture, Abis, Alexandria. The average of
the two scts of experiments was recorded in the tables as one mean.

Tagetes plants were hand watered and no fertilizer was added. Both sets of the
cxperiments were designed as randomized blocks with 4 replications each. The repli-
cate unit consisted of 4 plants (sub-samples). Flowering dates were determined and
were considered as the number of days from seeding to the opening of the first
flower. Plant height and fresh weight were recorded at the end of the experiment.

Soit samples for potting were analyzed at the end of the experiment at the Inter-
national Center for Rural Development (Ameriya. Alexandria).

At the end of the experiment leaf samples were dried and then ground. The
ground materials were analyzed for heavy metals using the atomic absorption spec-
trophotometry. Both leaf samples and chemical analysis of the tested efflucnts were
analyzed at the High Institute of Public Heulth, Alexandria University.

Results

Field study (nursery observations)

Heavy application of wastewater and animal wastes enriched in metals lead to
large increase in micro-clement levels in nursery surface soils {Table 1). Their
accumulation represents a long runge potential for phytotoxicity.

Analysis of irrigation water: Watcr samples obtained upstream and downstream
indicated significant increases in BOD, calcium. sodium bicarbonate chloride, COD
and 1otal suspended solids. This Targe increase of nutrients was formed when exces-
sive amounts of animal wastes and milk processing wastes are disposed with watering
on the nursery sail (Tahie 1).

Soil analysis: Soil samples taken at random from different arcas and irmgated
with wastewater contained a higher concentration in potassium. Fe and Cu. How-
ever, the E.C. was increased from 1.7 to 7.0 mmhos/em. Concentrations of phos-
phorus, Mg, Zn, calcium carbonate, showed little or no increase in polluted soil com-
pared with soil irrigated with tap water (Table 2).

Apparently some physical, chemical, and biological problems were associated
with irrigation by wastewater to ornamental crops in the nursery. Our observations
indicated that roses. carnations and bird of paradisc (sterlitzia) plants suffercd much
when grown on polluted water showing chlorotic leaf tips, necrosis and leaf absces-
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Table 1. Analysis of wastewater effluent produced by dairy processing factory and animal produc” station.

Constituents Tap water Wastewater
E.C. mmhos/cm 0.1t 6.25
Ph 7.1 7.6
Calcium mig/l 0.30 5.0
Sodium mg/l 0.26 4.74
Potassium mg/l 0.04 0.66
Bicarbonate mg/l 0.69 3.87
Nitrate + mg/l 1.0 40.0
Ammonia — N

Total disselved solids mg/l (.43 1.4
B.O.D™ mg/l 322 356.0
c.op’ mg/l 872.0 1567.0

{ - E.C = Electrical Conductivity
2-BOD = Biological Oxygen Demand
3-COD = Chemical Oxygen Demand

Table 2. Chemical analysis of soil taken from the nursery and irrigated by wastewater or tap water.

. . Soil irrigated with Soeilirrigated with
Constituents tap water wastewater
Ph 7.60 7.30
E.C. mmhos/CM™’ 1.7 7.0
Potassium (mg/100 gm) 292 136.0
Phosphorus (mg/1000mg) 2018 2000
Fe 14.3 33.0
Cu i6.7 69.0
Mg 200.4 216.1
Zn ppm (9.9 26.0)
Calcium carbonate i 14.8 27.0
Silt (%) 28.0 29.0
Sand (%) 62,0 64.0)
Clay (%) 8.0 7.0

1 - E.C = Electrical conductivity.

Table 3. Influence of wastewater irrigation of different concentrations on growth parameters of tagetes.

Wastewater % Height Fresh weight Daysto
in the mixture (cm) (g} flowering
Zero 35.6a* 46.8b 66a
35 44.7a 58.7a 71a
70 20.4b 25.4¢ 03a
100 died died died

* Mean scparation within column by Duncan's Multiple range test (0,05)
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% Wastewater Zn Fe Cu
in the mixture mg'g mg/g mg/g
Zero .03% {.037 0.002
35 0.036 0.028 o001
70 0.051 1.033 N.D.!
100 (0.078 0.026 N.D.
I —=N.I>. = Non Deteetable
Table 5. Chemical analysis of the soil after 90 days of irrigation with wastewater.
Soilirrigated PH E.C Zn I'e Cu r NO3
with Mmohs/Cm mg/g  mglg mgg  mglg  mgg
Tap water 7.2 1.7 0.067 048 0.0 1.4 1.7
100 % Wastewater 7.4 7.0 0108 053 0.06 1.1 7.7

sion especially in the lower parts. Dicback symptoms on some of these plants, cspe-
cially roses were common. Instance of salt injury to roses and dahlia plants grown in
soil irrigated by wastewater have been reported. On the other hand, plants irrigated
with tap water did not produce any symptoms. A permeability problem oceurred in
the surface layer of the soil and may be related to the comparatively high sodium con-
centration of the waste water.

A - Morphological symptoms: Plants irrigated with water having, 70% wastewa-
ter showed chlorotic leal tips, necrosis and leaf abscission in the lower parts.
Whereas those irrigated with 35% of tap water showed no signs of abnormality.

B - Plant growth and flowering: The highest growth was obtained from zero and
35% waste water treatments, while height of plants irrigated with 70% waste water
was significantly less than that of the control (Table 3). Marigold plants did not toler-

ate 100% wastewater treatment. Those plants had 100% mortality.

On the other hand, mixing tap water with 35% wastewater stimulated fresh
weight which was nevertheless. significantly reduced when irrigated with 70% waste-
water. Flowering date was not affected significantly by any treatment in this experi-
ment (Tabie 3).

C - Leaf content of heavy metals: The analysis of marigold leaves which has
received wastewater treatment showed little but insignificant increase in heavey met-
als uptake (Table 4).
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D - Soil content of heavy metals: The soil used for scedlings growth was analyzed
at the end of the experiment (Table 5). Heavy metal content of the soil irrigated with
wastewater was gencrally close to that of the control (tap water), Concentration of
No. 3 was slightly increased compared with tap water treatment. However, E.C. was
also markedly increased when the soil was irrigated with 100% wastewater.

Discussion

The nutrients in wastewater (e.g. nitrogen. phosphorus..) provide fertilizer
value to crops but excessive contents may delay maturity and may reduce water qual-
ity. For example, heavy applications of farm manures to land may, in addition to
elevating the nitrate contents of soil and water, produce ammonium toxicity of plants
{4]. The height and fresh weight of plants irrigated with 35% wastewater was stimu-
lated. There were many reports of stimulatory effects upon enzymes caused by low
concentration of heavy metals in irrigation water [5,6].

In these experiments, instances of salt injury to tagetes ptants following irrigation by
wastewdter have been reported. Leaves of tagetes plants showed leaf burn and
chlorosis. This may be due to excessive sodium or other cations in wastewater which
can substitute for other cations in the soil [1] and which tends to disperse caly parti-
cles in the soil, leading to decreased permeability. Marigold plants under 100%
wastcwater irrigation regime had 100% mortality. Salinity might be the most impor-
tant factor in killing plants when it exceeded the normal rate (above 7 mmhos/cm)

[1].

This study indicates that irrigation by wastewater did not produce difference in
leaves content of heavy metals. Because the analysis was carried out in the leaves,
heavy metals taken up by plants tend to remain in the roots [1].

The BOIY and COD were high in the wastewater. Manning [7] demonstrated
that sewage and paper industrics add considerable wastes to waters. Rapid decom-
position of the materials by aerobic bacteria greatly depletes the water’s oxygen con-
tent which increases BOD and COD.

Recycling wastewater might be available option for increasing horticultural crop
yield and production. Some additional treatments can be made before such water can

be used for agricultural and landscape irrigation.
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