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Abstract. This study examined the growth responses of some selected local bean (pulses) varieties in Nigeria; Vigna unguiculata (Ife brown),
Vigna unguiculata (Ekpoma Local), Phaseolus vulgaris, Cajanus cajan and Glycine max, cultivated on soil irrigated with laundry-based grey
water. Healthy seeds of all bean species were sown in plastic bowls of three replicates each and irrigated daily with similar quantities of the
respective grey water. The effect of the grey water on the germination, growth and yield of all the beans was observed for a period of four
months. The result obtained revealed that grey water had a negative effect on the growth and yield of all the beans as there was a decrease in
the percentage emergence of all seedlings, height of emergent seedlings and number of flowers and pods produced. Grey water also altered
the chlorophyll content and total crude protein of all the beans subjected to the treatment. The effect of grey water on plant is as a result of
accumulation of excess salts contained in grey water on the soil.
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Introduction
Water scarcity has caused great concern worldwide. The
reason for water scarcity can be traced to low rainfall and
excessive demand due to increased water consumption per
capita and increase in population. There is an increasing
competition between the agricultural sector and the city
inhabitants over the use of drinking water sources and this
has led to pressure on these sources. In an attempt to fight
this water crisis in the world, the reuse of wastewater and nonordinary kinds of water has increased considerably.
Environmental and public health can negatively be affected
by the toxic elements contained in grey water. The reuse of
untreated grey water in agriculture is now a common practice in
parts of the world, mostly areas where farmers have restricted
access to fresh water and fertilizer supplies due to low funds.
This has led to much concern in the health and environmental
implications of untreated or treated wastewater reuse in farm
irrigation (Chang et al., 1996). Grey water reuse has posed
a number of biological and chemical concerns. Pathogenic
microorganisms found in grey water have the ability of causing
health problems when ingested by plants.
Jeppenson (1996) stated that it was possible for laundry
effluent to be diverted into gardens and lawns technically
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without treatment. According to Carden et al. (2007), grey
water has the potential of being used for irrigation because it
contains plant nutrients such as organic matter from broken
skin, nitrogen and phosphorus compounds. In reality, grey
water contributes about 40-50% of the total organic (BOD)
load, one-fourth of the total suspended solids and two-thirds
of the phosphorus load form in detergents, with various other
suspended materials (Christova-Boal et al., 1996) and additives
present in detergents (Smulders, 2002). They are also present
in other household and personal care products as surfactant
(Eriksson et al., 2003).
The studies of Abu-Zreig et al. (2003) and Shaffran et
al. (2005) revealed that surfactants in grey water are able to
modify the hydraulic conductivity of soils significantly. WielShafran et al. (2006) also stated that significant accumulation
of surfactants in soils may result in a water repellent soil and
this may pose adverse effects on agricultural productivity and
environmental conditions. It is known that linear alkyl benzene
sulfonate, a major surfactant in laundry detergents, inhibits plant
growth, the activity of soil enzymes and nitrification bacteria.
One of the major causes of water pollution is the detergent
used for daily laundry. Detergents are non-degradable and
can remain in the environment for years. Thus, Weir (2007)
stated that using synthetic detergents and laundry products

are a significant contributor to ground level water pollution and
have a harmful effect on plants. Most soaps and detergents
contain sodium compounds. High sodium levels can lead to
discolouration and burning of leaves and result in an alkaline
soil condition. Detergents and laundry products contain other
chemicals that are harmful to plants, such chemicals include
boron, chlorides and peroxides. Plant exposed to excess boron
display symptoms such as burnt appearance on the edges of
the leaves. Other symptoms are chlorosis, premature leaf drop
and reduced growth. Aquatic lives also suffer and often show
sign of damage in the form of several fishes and other aquatic
creatures dying.
However, reuse of wastewater is important for providing a
reliable supply of water resources for home based farming and in
addressing environmental and sanitation problems arising from
its disposal in a nearby area. With grey water recycling, there
is a reduction in freshwater consumption as well as wastewater
production. The use of grey water as an additional water source
ensures the increased availability of irrigation water and this in
turn results in an increase in agricultural productivity. Hence, the
aim of this study is to investigate the growth responses of some
selected local bean (pulses) species for Nigeria, cultivated on
soil irrigated with laundry based grey water (soap, detergent
and a combination of detergent and soap).
Material and methods
Study area
The study was carried out on a plot of land beside the
Department of Plant Biology and Biotechnology Botanic
Garden, University of Benin, Benin City. Seeds of five different
bean species (Glycine max L. Merr., Phaseolus vulgaris,
Vigna unguiculata L. Walp.- var. Ife Brown and var. Ekpoma
Local, and Cajanus cajan L. Millsp.) were procured locally
with assistance from the Edo State Agricultural Development
Programme (ADP), Benin City, and specimen collections of
Prof. J.K. Mensah (Geneticist), Department of Botany, Ambrose
Ali University, Ekpoma, Nigeria. Seeds without any blemish
were stored until used.
Land preparation
The top soil (0-10 cm) was collected using a hand auger
from a fallow land beside the Department of Plant Biology and
Biotechnology Botanic Garden, University of Benin, Benin City.
The soil was sun-dried to constant weight, and thereafter 8kg
of soil was measured into bowls. Five perforations were made
at the bottom of each bowl with a 2mm diameter nail.
Sowing
Flotation test was done on the different pulse species to
test for their viability. Viability was scored for those seeds that
sank to the bottom of the beaker that was half-filled with water.
Afterwards, seeds were sown at the rate of 5 seeds per bowl and
later thinned down to 2 after one month. The experimental layout
at 1 month after sowing prior to thinning is presented in Figure 1.

Figure 1. The experimental layout at 1 month after sowing
prior to thinning

Preparation and utilization of grey water
Grey water for the experiment was obtained by washing
cotton-made clothing wears – 0.4kg with 15g of Klin® detergent
and 0.4kg with 20g of Premier® bar soap, respectively. The
detergent-based grey water (DBGW), soap-based grey water
(SBGW) and mixture of soap and detergent water (DSGW) –
in equal quantity, each of them of 350ml were used to wet 15
bowls of soil (three bowls for each bean species, n=3). The
grey water was used within 3 days of preparation, after which
new grey water was prepared and used for watering the plants.
The control bowls of soils - also 15 were wetted with tap water
(pH = 6.6-6.9).
Treatment designation
The experimental set up consisted of test plants exposed
to detergent-based grey water (DBGW), soap-based grey
water (SBGW) and a combination of both (DSGW). Soil
wetting was achieved at least three times a week. Care was
taken to ensure that soil moisture level was adequate for
plant development, following procedures laid out by USDA
(1998).
Determination of parameters
The following parameters were determined: percentage
emergence and viability test, height of the young seedling,
chlorophyll content of leaves, total number of leaves and
flowers, number of pods and crude protein content.
The percentage emergence (Em) and the viability of the
population of seeds were estimated using the formula:
Em = (Seeds germinated x 100) / Total seeds, %.
The height of the young seedling was measured using a
measuring tape at the end of the first one week after planting.
The chlorophyll content of the leaves was determined using a
chlorophyll meter (model, CCM-200 plus®) at the end of the
first one month after planting. The CCM-200 plus® is a nondestructive chlorophyll content measuring meter that exploits
the distinct optical absorbance characteristics of the chlorophyll
in other to determine its relative concentration. Total number of
leaves in all plants was counted at the end of every week. Total
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number of flowers in each plant was recorded daily from the day
of first appearance of flowers. Number of pods per plant was
recorded daily from the day of first pod development, whereas
crude protein content was achieved using the methods of
Pearson (1970).
Statistical analysis
The SPSS-20® software was used in analyzing the data
at p=0.05. A one-way analysis of variance was adopted for the
data analyses. The results were presented as mean ± standard
error of mean (n=3) and bar charts.
Results
The emergence percentage of Vigna unguiculata (Ife
brown), Vigna unguiculata (Ekpoma Local), Phaseolus
vulgaris, Cajanus cajan and Glycine max, one week after
exposure to grey water-impacted soils is shown in Figure
2. All the forms of grey water (GW) had a negative effect
on the emergence percentage of all bean species with the
exception of Cajanus cajan (SBGW), Vigna unguiculata
(Ekpoma Local) and Phaseolus vulgaris (DSGW).
Emergence percentage in the control ranged from 86.792.6%, compared to a range (33.3-88.9%) recorded for GWexposed test plants.

Figure 3. Height (cm) of developed seedling at 1 week after
plants’ exposure (DBGW- Detergent-based grey water; SBGWsoap-based grey water; DSGW- combination of DBGW+SBGW)

Total crude protein of the developing plant at two months
after exposure to GW has been presented (Figure 4). There
was an increase in the total crude protein values of Vigna
unguiculata (Ife brown) treated with DBGW (25.74%) and
SBGW (17.92%), when compared to the control plant (11.74%).
Crude protein in DSGW-exposed Vigna unguiculata (Ife brown)
was lower than that of the control. The total crude protein
content value of the Vigna unguiculata (Ekpoma Local) treated
with DBGW, SBGW and DSGW was 15.68, 13.44 and 9.98%,
respectively as compared to the control (16.22%).

Figure 4. Total crude protein of developing plant at 2 months
after plants’ exposure (DBGW- Detergent-based grey water;
SBGW- soap-based grey water; DSGW- combination of
DBGW+SBGW)
Figure 2. Emergence percentage of the test plants 1
week after exposure to grey water-impacted soils (DBGWDetergent-based grey water; SBGW- soap-based grey water;
DSGW- combination of DBGW+SBGW)

In terms of seedling height, the DSGW treatment favoured
seedling development in Vigna unguiculata (Ife brown),
Vigna unguiculata (Ekpoma Local), Phaseolus vulgaris and
Glycine max, and the values obtained for all the bean in
this treatment were 8.32cm, 8.40cm, 9.23cm and 6.64cm,
respectively, in contrast to their respective controls which
were 7.89, 7.52, 7.60 and 5.06cm (Figure 3). The DBGW
had a slight impact on the height of the developing seedling
as there was a decrease in seedling height as compared to
the control.
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In Table 1, the total leaf chlorophyll content index (CCI) of the
Vigna unguiculata (Ife brown) treated with DBGW had the highest
chlorophyll content index of 40.30; this was closely followed by
those treated with DSGW. Those treated with SBGW had the
least value of 28.40 CCI, as compared to the control (29.80 CCI).
The Vigna unguiculata (Ekpoma Local) treated with DBGW had
the highest chlorophyll content value of 33.10 CCI, this was
closely followed by those irrigated with DSGW and SBGW with
the values of 31.60 and 26.40 CCI, respectively, as compared to
the control (21.80 CCI). Glycine max treated with DBGW had the
highest chlorophyll content value of 16.00 CCI, closely followed
by those treated with SBGW with the value 14.80 CCI and those
treated with DSGW with the value 14.70 CCI as compared to the
control plant with the value 14.08 CCI.

Table 1. Total leaf chlorophyll content index (CCI) of selected bean plants at 2 months after exposure to grey water

Experimental
version
Control
DBGW
SBGW
DSGW
p-value

Vigna unguiculata
(var. Ife Brown)
29.80±9.20a
40.30±7.30a
28.40±5.70a
35.70±8.30a
0.118

Vigna unguiculata
(var. Ekpoma Local)
21.80±7.40a
33.10±6.10a
26.40±7.30a
31.60±7.90a
0.263

Phaseolus
vulgaris
28.30±8.30b
41.10±9.10a
32.90±5.80ab
36.70±8.40 ab
0.092

Cajanus
cajan
16.00±2.70a
17.90±4.40a
11.40±3.60a
14.10±2.50a
0.413

Glycine
max
14.08±1.10a
16.00±1.50a
14.80±0.60a
14.70±3.20a
0.565

*DBGW- Detergent-based grey water; SBGW- soap-based grey water; DSGW- combination of DBGW+SBGW;
Means (±SD) on the same column with similar alphabetic superscripts do not differ from each other (p>0.05).

The number of leaves of the test plants two months after
exposure to grey water treatment is presented in Table 2.
There was a general decrease in the number of leaves of
the tested plants to the grey water treatments, with Vigna
unguiculata (Ife brown) treated with SBGW having the lowest
number of leaves when compared to other concentrations.

However, Phaseolus vulgaris and Cajanus cajan treated
with DSGW had the highest number of leaves as compared
to their respective control. Although the number of leaves in
Glycine max exposed to DBGW and SBGW were significantly
different at p>0.05, none was observed between the DSGW
and the control.

Table 2. Number of leaves per bean plant at 2 months after exposure to grey water

Experimental
version
Control
DBGW
SBGW
DSGW
p-value

Vigna unguiculata
(var. Ife Brown)
41 ± 3a
29 ± 2b
21 ± 2b
28 ± 2b
0.049

Vigna unguiculata
(var. Ekpoma Local)
35 ± 2a
25 ± 3b
24 ± 3b
26 ± 4b
0.031

Phaseolus
vulgaris
29 ± 3ab
24 ± 4b
26 ± 4b
22 ± 3a
0.053

Cajanus
cajan
29 ± 5a
21 ± 6a
27 ± 3a
30 ± 4a
0.138

Glycine
max
33 ± 3a
26 ± 3b
30 ± 4b
34 ± 2a
0.073

*DBGW- Detergent-based grey water; SBGW- soap-based grey water; DSGW- combination of DBGW+SBGW;
Means (±SD) on the same column with similar alphabetic superscripts do not differ from each other (p>0.05).

There was a general decrease in the number of flowers
produced in all test plants irrigated with grey water as compared
to their control. Similar reduction in the number of pods per plant

was observed (Table 3). There were generally between 16-24
pods per plants in the control and 4-11 pods per plant in the GWexposed plants, amounting to over 55% reduction in productivity.

Table 3. Yield components of test plants exposed to grey water (results presented in the nearest whole number)

Experimental
Vigna unguiculata
version
(var. Ife Brown)
Total Number of flowers per plant
Control
32 ± 4a
DBGW
19 ± 3b
SBGW
18 ± 5b
DSGW
14 ± 3b
p-value
0.048
Number of pods per plant
Control
24 ± 2a
DBGW
8 ± 3b
SBGW
5 ± 3b
DSGW
6 ± 3b
p-value
>0.001

Vigna unguiculata
(var. Ekpoma Local)

Phaseolus
vulgaris

Cajanus
cajan

Glycine
max

29 ± 2a
12 ± 3b
14 ± 3b
19 ± 2ab
0.078

21 ± 3a
12 ± 3b
15 ± 5ab
13 ± 3b
0.073

23 ± 4a
16 ± 3ab
17 ± 3ab
14 ± 3b
0.041

39 ± 2a
24 ± 3b
24 ± 2b
17 ± 4b
0.058

21 ± 2a
8 ± 1b
7 ± 3b
11 ± 2b
>0.001

16 ± 1a
7 ± 2b
11 ± 2b
9 ± 3b
>0.001

16 ± 4a
8 ± 2b
9 ± 3b
7 ± 2b
>0.001

17 ± 6a
5 ±1b
4 ± 2b
8 ±2b
>0.001

*DBGW- Detergent-based grey water; SBGW- soap-based grey water; DSGW- combination of DBGW+SBGW;
Means (±SD) on the same column with similar alphabetic superscripts do not differ from each other (p>0.05).
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In addition to the grey water effects on the treated plants
mentioned above at Vigna unguiculata var. Ekpoma Local, leaf
lesions were also observed (Figure 5).

a)

b)
Figure 5. (a) Leaves of Vigna unguiculata var. Ekpoma Local
showing brownish discoloration upon irrigation with DSGW;
(b) Vigna unguiculata var. Ekpoma Local irrigated with DBGW
showing burnt leave edges

Discussion
In the present study, it was observed that laundry grey
water negatively affected the emergence percentage of the
different pulse species; Vigna unguiculata (Ife brown), Vigna
unguiculata (Ekpoma Local), Phaseolus vulgaris, Cajanus cajan
and Glycine max. Qishlaqi et al. (2008) stated that untreated
grey water could result in elevated levels of soil salinity, low
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water infiltration, specific ion toxicity (due to the presence of
sodium, boron and chloride in grey water), changes in soil
properties, heavy metal accumulation and increased pH levels
which may impede the growth of plants. Thus, the response of
plant to grey water is marked by a reduction in its emergence
percentage. There was no significant difference between the
height of the developing seedlings irrigated with grey water
and those irrigated with tap water (control plants). It could be
suggested that grey water have no adverse effect on plant in
the short term in relation to tap water but the effect could be
observed in the long term.
The results from the crude protein analysis revealed that
all the test plants irrigated with a combination of detergent and
soap grey water experienced a reduction in their total crude
protein in comparison with their respective control. There was
a marked decrease in the total crude protein content of G. max
exposed to detergent based grey water treatment. This is likely
due to the components present in the grey water which had a
negative effect on the total crude protein (Chen et al., 2003).
This is also confirmed by Khosravinejad et al. (2009) with
their study on barley. The authors observed that high sodium
chloride treatment reduced the protein content in the plant. An
increase in the total crude protein of those test plants treated
with grey water could be likened to the response of plants to
stress. The result of protein increase is in accordance with the
study carried out by Chao et al. (1999) who noticed an increase
in protein content of the tomato plant in response to salt
treatment. Another research done by Kapoor and Srivastava
(2010) on V. unguiculata (L.) also revealed an increase in
protein content with an increased salt content.
The effects of increased salinity on photosynthetic rates
depend on the concentration of dissolved salts and the plant
species (Hasanuzzaman et al., 2013). In this study, whilst
laundry greywater irrigation resulted in an increase in the CCI
of some species as compared to their control, the CCI of C.
cajan and G. max in the laundry irrigated soils were lower than
their respective control. This may be due to the inherent genetic
makeup of the various species. Also, the chlorophyll content of
leaf is closely associated to leaf nitrogen in plants and can serve
as a tool for soil nitrogen availability (Marenco et al., 2009). The
decrease in CCI in the leaf of C. cajan and G. max, respectively
in the greywater treatments suggests that greywater irrigation
may have deteriorated the nutrient availability in relation to tap
water. This is in line with the observation of Misra et al. (1997)
who reported that stressing rice seedlings with increased
irrigated grey water increased the chlorophyll content of the
seedling. This is also in agreement with Jamil et al. (2007) who
found that the chlorophyll content of sugar beet leaves increased
when treated with increased concentrations of sodium chloride,
a major component in detergents. An exception to this is Vigna
unguiculata (Ife brown) irrigated with soap based grey water
and C. cajan where there was a decrease in the chlorophyll
content in those exposed to the different grey water treatment.
Misra and Sivongxay (2009) stated that salinity reduces the
content of photosynthetic pigments in treated plants.

There was a general reduction in the number of leaves of
V. unguiculata (var. Ife Brown and var. Ekpoma Local) when
compared to the control irrespective of treatment type. This
is in agreement with the work carried out by Parida and Das
(2005); the authors attributed the reductions in shoot weight,
plant height, number of leaves per plant, and root length to the
saline nature of grey water treatment. However, P. vulgaris and
C. cajan treated with DSGW were not significantly different
from the control.
The results of the yield components of the test plants show
a reduction in the total number of flowers per plant irrespective
of treatment when compared to their respective control. Grey
water has been shown to reduce the yield of plant. This result
is in agreement with the work done by Mzini (2013) who
established that the yield of beetroot was reduced by 47% when
irrigated with grey water compared to the control which was
irrigated with potable water. The lowest reduction was observed
in V. Unguiculata and P. vulgaris treated with DBGW. This is
in contrary to earlier studies which reported that the effects
of household greywater either increased yields of crop plants
irrigated with greywater relative to tap water (Rodda et al., 2011;
Reichman and Wightwick, 2013), or had no differences in crop
plant yield between tap water and greywater irrigation (Finley
et al., 2009; Pinto et al., 2010; Travis et al., 2010). In addition,
the number of pods were highly significantly reduced in all the
treatments irrespective of species types when compared to
their control. This can be attributed to suppression of growth
which occurs under stress during the early developmental
stages of plant (Singh et al., 1986). Hence, greywater irrigation
resulted in a reduction in yield without affecting the plants
photosynthetic index. The reduction of yields in plants treated
with greywater observed in the present study could have
consequently been due to the chemical constituents and/or
characteristics of greywater, either directly or indirectly reducing
the bioavailability of nutrients to plants.
These results were in agreement with the results of Ali et
al. (2004) who found that the total yield per plant decreased
significantly in rice plant. The reduction in yield under such
conditions may be due to reduced growth as a result of
decreased water uptake, toxicity of sodium and chloride
in the shoot cell as well as reduced photosynthesis. Other
authors reported opposite data on the effect of gray water on
yields from some crops. Misra and Sivongxay (2009) found
that tomatoes irrigated with grey water had higher biomass at
the flowering stage when compared to those irrigated with tap
water. Salukazana et al. (2005) also established that onions
had a significantly higher yield when irrigated with grey water
compared to those irrigated with hydroponic nutrient solution
and tap water.
The effect of grey water could be attributed to the fact that
laundry products contain a variety of toxic elements such as
boron, chlorides, phosphates and sodium that can be harmful
to plants (Ayers and Westcot, 1994). Most soaps and detergents
contain sodium compounds. High levels of sodium have been
shown to be responsible for discolouration and burning of leaves.

In our study, a similar effect was observed at Vigna unguiculata
var. Ekpoma Local upon irrigation with SAGE (brownish leaf
discoloration) and DBGW (burnt leaf edges) (Figure 5).
Conclusion
The use of laundry grey water as an alternative to
irrigation water has been determined. Grey water has no
effect on the photosynthetic apparatus of the tested plant
via the chlorophyll content index and total crude protein;
however there was significant reduction in the productivity
of the various plants used (Glycine max L. Merr., Phaseolus
vulgaris, Vigna unguiculata L. Walp.- var. Ife Brown and var.
Ekpoma Local, and Cajanus cajan L. Millsp.). Determination
and identification of the effects of laundry grey water on
the genetic buildup of various plants can be helpful in the
selection and breeding of high yielding crops for such
purposes.
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