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Abstract

Laundry greywater is considered as a valuable atdasvater resource for irrigation of
household gardens and amenity areas around thd.virurblic health risks arising from
exposure to greywater during irrigation are reklivlow compared with other

wastewater, but long term use of laundry greywatety lead to accumulation of
sodium and surfactants in soil affecting crop paithity and environmental

sustainability. In this work, we compared growthprbass and uptake of several
essential nutrients and sodium for a tomato crapgusp water and laundry greywater.

Observations and measurements of growth over ag@i nine weeks and sixteen
irrigation events indicated no adverse effects refygyater over tap water on growth.
Salts and surfactants in greywater had modestanéie over soil water retention and
evapotranspiration.

Final destructive measurements of plants at flavgenndicated similar or significantly
higher accumulation of biomass for greywater thap water irrigated plants. The
concentration of P and Na in greywater irrigateénd were 1.4-1.8 times the
concentration of tap water irrigated plants. Pertt cecrease in uptake of P, Na and Fe
by greywater over tap water irrigated tomato was 8% and 86, respectively. Since
accumulation of sodium in soils from disposal oéyyater can be environmentally
hazardous, efficient removal of sodium by tomatthweuse of greywater in this study
illustrate that plants tolerant to greywater irtiga can reduce soil pollution arising
from accumulation of sodium.

Introduction

Greywater is the non-toilet component of househuoldstewater that originates
predominantly from the laundries and bathroomsesidential buildings. Greywater
generated from laundry activities in a typical AaBan household ranges from 94 to
139 L day* (Radcliffe 2004) which is equivalent to 20% of toeal indoor water use by
residents in Queensland (ABS 2000). In many dryoregof the world, greywater is
considered as a potentially reusable water resdardgigation of household lawns and
gardens (Al-Jayyousi 2003). However, experimentaldiss on the interaction of
greywater with soils and plants are limited. Divensof laundry effluent into gardens
and lawns (Jeppesen 1996) has become a relativaaly common practice in Australia
in recent times due to recurring drought and higtel of water restriction imposed in
various cities and towns. Environmental and pulblealth risks can arise due to
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greywater irrigation from accumulation of environmedly toxic substances in soil and
plants and potential transfer of pathogens to hgndnectly from contact and indirectly
via accumulation in food crops. Although public hieaisks associated with reuse of
greywater are well known (Nolde, 1999; Gross et28l05), the risks are quite low.

However, environmental risks associated with irdtibn of greywater into soil during

irrigation and the fate of pollutants in greywaterd the combined impact of these
pollutants on soils, plants and receiving watees ot well known (Eriksson et al.,

2003).

Laundry greywater usually contains varying levdisuspended solids, salts, nutrients,
organic matter and pathogens (Christova-Boal et96; Howard et al. 2005). Laundry
detergents contain a range of chemical substarnasiriclude surfactants, builders,
bleaching agents and auxiliary agents or addit{&sulders 2002). A large proportion
of the ingredients of laundry detergents are esdBntnon-volatiie compounds
dominated by salts. Hence, a portion of these adtisretained on clothes or on various
parts of the washing machine) is expected to bseptein the laundry effluent. There
are also a variety of suspended solids and sotldestances (both inorganic and organic
matter, and pathogens) released from clothes indigueffluent. Some of the salts
present in greywater can be beneficial to plantstiqularly nutrients, although a
balanced concentration of nutrients is requiredwoid nutrient deficiency or toxicity.
Although there are no reports currently availalolendicate how growth and nutrient
deficiency or toxicity symptoms may arise in plamtggated with laundry greywater, it
has been suggested that high pH (pH>9) and higlterdrations of sodium (with
Sodium Adsorption Ratio, SAR > 10), zinc and aluomm in greywater may reduce
plant growth with direct and indirect effects onl gwoperties (Christova-Boal et al.
1996).

Surfactants are an important component of greywagdhey are present as residues of
laundry detergents (Smulders 2002). Surfactantse hbgen detected in various
wastewaters (e.g. municipal wastewater, Brunneal.ef988) and in groundwater in
areas after long-term land application of wastewailuent (Field et al. 1992).
Surfactants are not only used in the detergentsimgubut also in agriculture and
horticulture as soil conditioners to improve sdilusture, infiltration and to control
erosion (Abu-Zreig et al. 2003). The ability of matants to modify the surface tension
of water arises from their tendency to increasedisance between water molecules as
they tend to accumulate at the gas-liquid (e.gwaiter) or solid-liquid (e.g. soil-water)
interface. The extent to which surfactants can fyotffie soil-water balance (Kuhnt
1993) and influence water use and plant growthrstihains unknown.

Some plants grown in hydroponic systems with addedactants have exhibited
phytotoxic symptoms (Bubenheim et al. 1997; Garlanhdl. 2000). These latter authors
used an anionic surfactant Igepon TC-42 (a lindat taurine sulfonate) for processing
of greywater in future, long-duration space missidhat elicited toxic response in
lettuce but not in wheat due to insufficient degtamh of the surfactant by the aquatic
microbial community in the rhizosphere (Bubenheinale 1997). A more recent study
with surfactants commonly found in household andsqeal care products (Garland et
al. 2004) showed rapid degradation of the surfastemwater and moderate phytotoxic
responses in wheat. When untreated greywater & toserigate plants growing in soil,

surfactants may degrade more rapidly in soil duéhéopresence of a wider range of
microbial community in soil than water. However,gdedation of surfactants in the



presence and absence of other substances foumnelywager is not known for soil-plant
systems and the effects of the degradation promesgater and nutrient availability to
plants.

The aim of this study was to evaluate the reuserpiail of laundry greywater by
comparing growth, water and nutrient use of tonfayaopersicon esculentum Mill. cv.
Grosse Lisse) plants irrigated with laundry greyevaind tap water.

Materials and Methods

We conducted a glasshouse experiment using sail fhee Agricultural Field Station
complex (273636'S, 15F5548'E, 693 m elevation) of the University of Southern
Queensland, Toowoomba, Australia. The soil at teemental site is a moderately
deep, well structured Red Ferrosol (Isbell, 1998)taining kaolinite and hematite with
small amounts of montmorillonite clays (Beckmanalet1974).

Sufficient soil (approx. 60 kg) was collected frahe top 10 cm depth in the field and
was brought to the laboratory for drying and sigvio reduce aggregate size to <4.75
mm. Subsamples of this soil (<2 mm fraction) waslygsed for a range of soll
properties. The soil contained 38.5% sand, 20.7%asd 40.8% clay, and organic
carbon of 35 g kg-1. Volumetric soil water contegtained at water potentialg) of -

10 and at -1500 kPa were 36.5 and 27.0%, respéctiiee pH and EC of the soil at a
soil-water ratio of 1:5 were 6.35 and 3u® cm’, respectively; and CEC was 16.3
cmok kg™.

Preparation of pots

Air-dry soil was first mixed with sufficient tap wexr to increase its water content to
32% by weight (approx. 1.2 times the plastic limitsoil) and kept covered under a
plastic sheet for over-night equilibration. Aftegudibration, soil was mixed for
uniform distribution of moisture and was packedPMC pots (190 and 160 mm, top
and bottom diameter respectively, and 190 mm hei@dil was compacted to a final
depth of 150 mm in each pot to achieve a bulk densfi 1.05 Mg n?. This bulk
density was chosen to simulate soil conditions iec@ntly prepared garden bed for this
soil (Misra and Sivongxay, 2009). For uniform cormfgan, soil in each pot was
compacted in three layers of 50 mm thickness amdsthiface of the each compacted
layer was slightly disturbed with a spatula befpaeking the next layer to reduce soill
layering. Average soil volume in each pot with d depth of 150 mm was found to be
3.66 L. The volume of sall, its initial gravimetrigater content and the bulk density
were used to estimate various components of watkmbe (including water use or
evapotranspiration, ET) for each pot. As water medacomponents are commonly
expressed in depth of water (in mm or cm), avesagjesurface area measured for the
pots was used to estimate water use and relatadhpéars in mm.

Irrigation treatments
The full experiment consisted of four irrigatiodatments and five replicates of each

treatment following a randomised block design. Thak focuses on only two of the
four treatments as detailed below.



Tap water (TW) — sampled from a designated tamiadjacent laboratory and
Greywater (GW) — laundry greywater as detailed welo

In these experiments, we collected laundry greywateing the Dynamo liquid
detergent (Colgate-Palmolive Pty Ltd, Sydney) tigtmut the experiment without any
fabric softener. A T-shaped flow splitter was carted to the washing machine that
allowed greywater sample of at least 15 L. Eachpdamf greywater was approx. 6.7%
of the total greywater generated from the washrarse cycles together (Howard et al.,
2005). As storage of untreated greywater is noe@mmended practice for health
reasons (Jeppesen, 1996), all laundry greywatdeatet was used to irrigate GW
designated pots within 4 h of collection.

Experimental procedure

A portable weather station was mounted at approm hkeight above the glasshouse
bench adjacent to the pot experiment to recordeanperature and relative humidity at
hourly intervals throughout the experiment. Dailyaximum and minimum air
temperature during the experimental period washerrange of of 10.8-28.9C and
relative humidity 31-72%. Daily estimates of refeze crop evapotranspiration (§T
with the FAO 56 method (Allen et al., 1998) wasatsllected for the experimental site
(Jeffrey et al., 2001; QDNRM, 2008).

Before planting, a spoon of Osmocote® fertilize©{7+ 0.33 g) was mixed uniformly
with the top 5 cm of soil. The fertilizer containedl essential macro- and micro-
nutrients required for plant growth. Five seedstahato [ycopersicon esculentum
Mill. cv. Grosse Lisse) were planted in each po2@rAugust 2006 and were thinned to
a single seedling per pot 19 days after plantirazhEpot was placed over a PVC dish,
slightly elevated with wooden disc inserts, to eclldrainage.

Irrigation treatments were given to all pots 4 dagfore planting and subsequently at a
frequency of 1-2 irrigations per week for a perad® weeks. Full irrigation was given
to each pot until drainage. During irrigationjgation water was added slowly at the
centre of the pot to ensure that it was distributedughout the pot and to avoid water
flow along the soil-pot interface. Frequency ofigation varied over time to avoid
significant water deficit to plants. Within thedirfour weeks of planting, irrigation was
given every 5th day. Afterwards, it was appliedrgvérd or 4th day until flowering.
Plants were harvested soon after flowering on 2iblaar 2006 for final measurements.

M easur ements

The volume of irrigation water and drainage forlrepot was measured throughout the
experiment. Net amount of irrigation water retainedsoil during an irrigation event
was measured by weighing each pot before irrigatioth 2-4 h after irrigation (when
drainage ceased) with an electronic platform baanfc32 kg capacity+0.01 g). Soil
water content was additionally measured in 2 repd#is of each treatments using TDR
(time domain reflectometry) sensors (each congjsththree, 10 cm long, parallel
waveguides) inserted into the soil in each pot ftbentop. The weight of each pot (with
or without a TDR sensor) was used to estimate meuat of irrigation water retained at
each irrigation and loss of water from pots viapmteanspiration (ET) from previous
irrigation.



A Trase system (Model 6050X1, Soil Moisture Equipt@orporation, USA) was used
to obtain TDR readings (apparent permittivitgy). TDR sensors were calibrated
separately by packing the experimental soil in fpats at the same bulk density and
initial soil moisture content as the soil used fbe irrigation experiment. After
installation of TDR sensors, all pots were irrigate saturation with tap water and
allowed to dry in a laboratory bench for over atri@ght. Temporal variation in TDR
readings and the weight of the pots were used Bataration to water content slightly
below the moisture content measured during thgation experiment (approks = 7).

A single calibration equation was developed by comnl k, readings from all TDR
sensors to estimate volumetric soil water cont@nt%). The following calibration
equation was used to convkgtreadings in the irrigation experiment@q%o).

0 = 5.613k.>"". (%= 0.94,p<0.001) (1)

Throughout the experiment, plant health was moe@an each pot for any obvious
symptoms of nutrient deficiency and/or toxicity am$ect or disease attack. Plant
growth and development was measured periodicallpviing thinning. Length of a
specific branch (3rd from the base) of each plaas wieasured from the node to the
branch tip. The length of 2nd leaf from this brawehs also measured over time. At
harvest, plants were severed close to the soilaserrand were sorted into stems,
branches and leaves. Leaves of each plant wetgefusbrted into various size classes
and a sample of 20% of all leaves of each plantesgmting various size classes were
used for the measurement of leaf area with a LIBElOeaf area meter (Li-COR
Biosciences, Lincoln, Nebraska, USA). Fresh leaigiveand leaf area of sample was
used to estimate the total leaf area of the plamech replicate pot.

The root system of each plant was removed fromaftélr overnight soaking of each
pot in tap water. The whole root system of the plgith some soil attached to the root
system was removed first. The remaining soil witbts was washed over a sieve with a
2 mm pore size to reduce root loss during wasttingsh roots were dried with a paper
towel before drying at 5%C for 48 hours in a convection oven to determinevaeight.
The dry weight of stems and branches of all plargs also measured in a similar way.

Chemical analysis

Prior to the irrigation experiment, laundry greyeratvas initially sampled from two
washes to determine the surfactant concentratiadh thie MBAS (Methylene Blue
Active Substance) method (Method 5540C, APHA, 2005)

The pH and electrical conductivity (EC) of samptédrrigation water was measured
before and after each irrigation event with a pHenéTPS model MC80, Brisbane,
Queensland) and EC meter (TPS model MC84, Brisb@ueensland) fitted with

calibrated electrodes using the manufacturer instms. The ion composition of

irrigation water (TW and GW) and drainage water was$ determined as it has been
reported in a separate experiment by Misra andrigixay (2009).

After harvesting and drying of plant samples, agprd5% by weight of various
components of the plant biomass (leaf, stem ant) veere combined and then ground
to reduce their size to <1 mm. Nitrogen concerdrain subsamples of the combined



dry matter was measured with Dumas combustion rdeting a Leco nitrogen

analyser (AOAC 1996). The concentrations of P, K, Kig, S, Na, Fe, Cu, Mn, Zn, Mo
and B were measured on separate subsamples fofjaweid digestion (Benton-Jones
et al., 1991) using an inductively coupled plasmthwptical emission spectroscopy
(ICP-OES).

Results and Discussion
Quality of irrigation water

During the experiment, tomato plants were irrigatédimes with tap water (TW) and
laundry greywater (GW). The pH and EC of each typerigation water was measured
before and after irrigation to evaluate their ollesiaemical quality.

Table 1.Chemical properties of tap water and laundry greégwased for irrigation.
Variation in pH of TW and GW over time of the exipeent is indicated by standard
error, SE 0 = 16) after the £ sign. Anionic surfactant concatibn is shown for
laundry greywater only. Data on ion concentratiNia,(Ca, Mg and K) are from Misra
and Sivongxay (2009).

Parameters Mean value

Tap water Greywater
pH (before irrigation) 6.86 £0.06 8.15+0.12
pH (after irrigation) 6.79 +0.09 7.92+0.11
Mean pH 6.83 8.04

EC S cni) - before irrigation ~ 477.6+3.1  653.3+3.1
EC (S cni') - before irrigation ~ 491.7+25 665.4+8.8

Mean EC (1S cni) 484.7 659.4
Na concentration (mmgL™) 1.48 5.74
Ca concentration (mmgL™) 1.05 0.11
Mg concentration (mmeL™) 1.32 0.33
K concentration (mmelL™) 0.12 0.15
SAR 1.36 12.32
Surfactant concentration (mg'.  unknown 15.48

Table 1 shows the variation in pH and EC of irrig@at water used for various
treatments. Greywater was significantly more attl@li>1 pH unit) and more saline (1.4
times EC) than the tap water. The surfactant caragon in laundry greywater was
15.5 mg L. The tap water was not expected to contain anfastants. As reported
earlier (Misra and Sivongxay, 2009) greywater cmeta significantly higher levels of
Na and low levels of Ca and Mg which contributedatten-fold increase in Sodium
Adsorption Ratio (SAR). SAR is an indicator of ttedative concentrations (in mmole
charge per litre, mmgIL™) of sodium to the combined concentrations of caiciand
magnesium as it is expressed as

[Na+

JBlea+me*])

SAR = )




The pH, EC and SAR values shown in Table 1 is npeeted to have any restriction
for its use for agriculture crops in terms of sdjirand infiltration problems (Ayers and

Westcot, 1985), although public health hazards nseche consideration. Recent
research shows that health risks arising from ggh@ contamination of food crops
irrigated with greywater is relatively small (Jackset al., 2006; Finley et al., 2009).
However, environmental concerns with land dispagajreywater may pose problems
if salts and other pollutants in the irrigation ®atlo not degrade rapidly in soil (Misra
and Sivongxay, 2009). Potential of sodium accunutain soil from long-term use of

greywater can be avoided if plants are able to venexcess sodium from greywater.

Components of water balance and water use

The amount of water retained within soil for 12gation events is shown in Fig. 1 and
variation in volumetric soil water conten®)(over time in Fig. 2. All irrigation
treatments commenced with the first irrigation alays before planting. However, all
pots were irrigated inadvertently with tap wateda®/s after planting (DAP) that caused
some delay to the"2irrigation given at 8 DAP. Pot weights also conlut be obtained
for the irrigation at 23 DAP. Although these data amitted from Fig. 1, values of
0 for all irrigation events can be seen in Fig. 2il Saater content oscillated from
slightly above nominal field capacity (= -10 kPa) to well below nominal wilting point
(b = -1500 kPa). Statistical analysis for irrigatimeatment effects on values @fwas
not made because these were limited to two repligats only.
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Figure 1. Variation in soil water retention follavg irrigation and drainage for various
irrigation treatments during the experiment witmédo plants. Vertical bars over mean
values indicate standard errons<20).

Water retained during a given irrigation is a fumctof water deficit present in the soill
at the time of irrigation (arising from ET lossesrh the previous irrigation) and the
water that could be retained by the soil followamgirrigation and drainage. Significant
effects of irrigation treatment on water retentwere detected for 2 of the 16 irrigation
events analysed. On both occasions, greywateraiaty pots retained significantly
lower (~ 1 mm) water than the tap water irrigatéainfs. As plant growth remained
similar in all pots (details given later), it mappear that irrigation water containing
high concentration of surfactants and/or combindtl wther pollutants (as in GW) can
reduce soil water retention. The data in Fig. 2 akowed soil water conten)(to
remain in the order GW < TW on most occasions feithg irrigation. Reduced soll



water retention could be due to the presence daciants as these tend to influence
capillary rise (Shafran et al., 2005). Capillargeriis expected to relate to the pore size
distribution of soil and the surface tension of tluéd which are important for retention
and movement of soil water (Hillel, 2004). Recemntges show that anionic surfactants
(similar to the type present in greywater) cauggeater reduction in capillary rise than
the deionised water (Abu-Zreig et al., 2003) oslirgater (Wiel-Shafran et al., 2006).
Thus, some adverse impacts of greywater on watentien are expected albeit less
frequently as our results suggest.
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Figure 2. Variation in volumetric soil water contdar tap water (TW) and greywater

(GW) treatments under tomato plants. Top and botines superimposed over the soil
water content indicate water retained at -10 ab@01kPa, respectively. Standard errors
of mean values have not been shown for clarity.
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Figure 3. Variation in evapotranspiration (ET) dgrisuccessive irrigation cycles of
TW and GW given to tomato plants. Reference ETrestd with the FAO-56 method
for the corresponding period is shown. Verticalshaver mean values indicate standard
errors ( = 20).

Soil water deficit due to ET losses was high dutimg late vegetative growth phase of
tomato (40 DAP onward, Fig. 2). As our experimerdussed to examine the effects of
different types of irrigation water on ET, ET datare not corrected for plant biomass



accumulated during the measurement period. ValuesE™ averaged over all
treatments, are shown in Fig. 3 along with therezfee ET (EY, estimated with the
FAO-56 method) for the corresponding period to ¢atk the magnitude of atmospheric
demand. ET from all irrigation treatments were famor exceeded the reference ET
shortly after 39 DAP, but without any significarfteets of irrigation treatments on ET.

Plant growth and biomass

Although elongation of leaf, branch and stem (plaeight) was measured on 9-10
occasions throughout the growth period, these wetesignificantly influenced by the
irrigation treatments. Temporal variation in pléweight and elongation of selected leaf
and branch are shown in Fig. 4. These data indit&e plant-to-plant variation in
growth was small (small SE in Fig. 4) and was wa#d by irrigation treatments.
Temporal variation in plant height (Fig. 4) was thogxponential until harvest time at
flowering which indicates that resources were notiting plant growth. However,
variation in leaf and branch elongation was exptiakfor a brief period and became
asymptotic with age. There was a change in the tjr@nd elongation rates of tomato
(as seen from the change in the slope of the platé¢a in Fig. 4) around 43 DAP that
corresponded with an increase in ET above &T39-43 DAP (Fig. 3) and increased
soil water deficit around similar time (Fig. 2).
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Figure 4. Temporal variation in lengths of leaf drdnch, and height of tomato plants
with little or no effects of irrigation treatmentssed. Vertical bars over symbols
(occasionally smaller than the size of symbol) destandard errors & 20).

At harvest, components of plant biomass were masttite order GW > TW, although
significant differences were not observed. Thisigates that when surfactants are
present with other salts or nutrients, as in grégwaplant growth responses were
favourable.

Nutrient and pollutant removal by tomato

Irrigation treatments had significant influenge<(0.05) over the concentration of four
nutrient elements (P, Fe, Zn and Na) out of twelsgential nutrient elements (N, P, K,
Ca, Mg, S, Fe, Cu, Mn, Zn, Mo and B) and Na (com®d as a beneficial nutrient for
plants) measured for the whole-plant. As shown abl& 3, GW irrigated plants had



significantly higher concentration of P (1.4 timeNp (1.8 times), Fe (1.85 times) and
Zn (1.2 times) than TW irrigated plants. These Itessuggest that substantial plant
removal of these nutrients is possible with GWgation. Greywater irrigated plants
removed slightly greater quantity of P (46%), bubstantially greater quantity of Na
and Fe (83-86%) compared with TW irrigated plaithb{e 4).

Table 3. Effects of irrigation treatments on thériemt concentrations of tomato plants.
Mean values for a given nutrient followed by thensasuperscript letter(s) are not
significantly different ap<0.05.

Nutrients Irrigation treatments
TW GW

P (%) 0.154 0.214

Na (%) 0.182 0.326'

Fe (g kgh) 0.802 1.480

Zn (g kg 0.076 0.09G'

Table 4. Effects of irrigation treatments on thdriemt uptake of tomato plants at
harvest. Mean values for a given nutrient follovilydthe same superscript letter(s) are
not significantly different gp<0.05.

Nutrients Irrigation treatments
TW GW

P (g plant) 0.024 0.03%

Na (g plant) 0.029 0.053

Fe (mg plant)  12.893 23.986

As greywater is a wastewater containing variousesypf dissolved and suspended
substances, plant growth could be reduced due hospitable pH, excess salts,
deficiency or toxicity of nutrients and pollutanfs.g. surfactants). In hydroponic
systems, some plants (e.g. lettuce) have been tegbdo be quite susceptible to
surfactant toxicity (Bubenheim et al., 1997) but wheat (Garland et al., 2000, 2004).
Chlorosis in lettuce has been also reported widlywater irrigation (Wiel-Shfran et al.,
2006). Since in our experiment, plant parts (leafoot) did not come in direct contact
with surfactant solutions or greywater except g, $10 toxic responses were observed.
The anionic surfactant reported for greywater (€ablis also known to degrade rapidly
in soil (Kichler and Schnaak 1997) with little ay nsk to soil biota (Scott and Jones,
2000). Thus, anionic surfactants present in gregwatay not persist in soils long
enough to affect plant growth adversely.

On the basis of relative salt tolerance of cropspdato is considered as moderately
sensitive to salts (Ayers and Westcot, 1985; Ma880). Elevated concentrations of
specific nutrients (P, Na, Fe and Zn) for laundrgygvater irrigated plants in Table 3
and elevated levels of uptake in Table 4 suggesdtnbtrient uptake ability of tomato
was not adversely affected by using greywater foigation. Although nutrient
concentration was not measured in the soil solutioour experiment (as all plants
received fertilizer at the time of planting), contous measurements of plant growth
and visual assessment of toxicity and deficiencynpms suggest that repeated
irrigation with greywater may not contribute to soally high or low nutrient



concentration in the root zone of plants for a@usid period to cause decline in plant
growth. For further examination of any associatannutrient deficiency or toxicity
arising from irrigation treatments used in our studutrient concentration data in our
study has been compared with the data typicalimato and other plants (Table 5).

Table 5. A comparison of nutrient concentrationtamato plants found in this study
with concentration ranges considered adequateldot growth.

Nutrients Adequate concentration range

Tomatd All plants’ This study
N (%) 5.0-6.0 0.5-5.0 2.4-3.5
P (%) 0.4-0.9 0.5-5.0 0.12-0.26
K (%) 3.8-6.0 0.5-5.0 2.19-3.63
Ca (%) 1.5-25 0.5-5.0 1.62-2.48
Mg (%) 0.4-0.6 0.5-5.0 0.72-1.28
S (%) 1.25 0.5-5.0 0.17-0.39
Na (%) 0.1-0.4 NA 0.014-0.4
Fe (g kg 0.06-0.3 0.025-0.3 0.56-2.4
Cu (g kg') 0.005-0.015 0.004-0.015 0.013-0.034
Zn (g kg?) 0.03-0.1 0.01-0.10 0.07-0.13
Mn (g kg*) 0.05-0.25 0.025-0.3 0.12-0.23
B (g kg") 0.03-0.1 0.01-0.10 0.011-0.03
Mo (g kg?) 0.0006 0.0001-0.005  0.0001-0.001

'Adequate at early flowering growth stage, Huetle(1997)
Source: Liphadzi and Kirkham (2006)
NA: Not available

These comparisons show that tomato plants in audysinay have been deficient in
major nutrients (N, P, K, Ca, Mg and S) that wouetjuire additional fertilizer
application. The concentrations of Na, Mn, B andiNtomato plants in our study were
within the range considered adequate. Howeverctimeentration of Cu and Zn was
slightly above the adequate range. The concentratid-e in the plant was beyond the
upper limit of adequate concentration for all ptanSince the soil used in our
experiment is a Ferrosol that is derived from ioxde minerals, excess concentration
of Fe found for plants from all irrigation treatmiermay have originated from soil
rather than from greywater or surfactants.

Conclusions

Our experimental evaluation of the reuse potemtidaundry greywater for irrigation
indicates that reduced quality of greywater withhhpH and EC compared to tap water
did not affect plant growth continuously over tin@n a few occasions, soil water
retention following irrigation was reduced sign#itly when plants were irrigated with
GW. Water use measured as evapotranspiration (E&E) affected even to a lesser
extent than water retention. ET of GW irrigatedndawas similar to those receiving
TW. Irrigation treatments significantly influencéloe concentration and uptake of four
nutrients (P, Fe, Zn and Na) with a general treh@\W > TW. GW irrigated plants had
the highest concentration of P, Na and Fe whichevd9-85% higher than the TW
irrigated plants. Compared with tap water irrigafgdnts, greywater irrigated plants
removed substantially greater quantity of Na (82#) Fe (86%). Our results suggest



that laundry greywater has good potential for atign of household gardens and lawns
if plants are managed well to maintain growth amel $elected plant is able to remove
pollutants (Na and metals) from greywater irrigaseds without adversely affected by

surfactant residues and other pollutants in sail water. Further research is required
with a range of soils, plant species and varioymdsyof greywater to determine the
feasibility of widespread use of laundry greywdterirrigation.
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