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SHORT COMMUNICATION

Effect of Sewage Wastewater Treated by Nostoc muscorum and
Anabaena subcylindrica on the Growth of Zea mays
and Phaseolus vulgaris

Mohamed El-Anwar Hosain Osman, Wagih Abd EL-Fatah El-Shouny, Mostafa Mohamed El-Sheekh,
and Eman Wahba El Sayed El-Gammal
Botany Department, Faculty of Science, Tanta University, Tanta, Egypt

Zea mays (Sakha 321) and Phaseolus vulagris (Giza 6) were irrigated with sewage wastewater treated with Nostoc muscorum and
Anabaena subcylindrica. The results showed that irrigation of plants by untreated or treated wastewater caused stimulation in
the measured growth parameters of both plants. In addition pigmentation as well as protein and carbohydrate contents were
stimulated. This stimulation was attributed to the presence of high levels of essential nutrients such as nitrogen, phosphorus,
and organic matters in wastewater. On the other side, there was a slight inhibitory effect of wastewater on some measured
growth parameters of the plants. This effect may be due to the presence of some heavy metals in wastewater.
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Irrigation is an excellent use for sewage effluent because it
is mostly water with nutrients. Treated wastewater is a val-
ued resource for irrigation, particularly in arid and semi-arid
regions. The nutrients in treated wastewater may be consid-
ered as fertilizers capable of improving the crop vield (Tsadi-
las and Chatzoulakis, 1997). The use of untreated wastewater
may, however, present serious sanitary and toxicity prob-
lems. Therefore, the use of treated wastewater for irrigation
was recommended by several investigators (Asha et al.,
1990; Ranalli et al., 1996; Jimenez and Chavez, 1997).

The maximum permissible limits of the effluent of sewage
to be discharged into the drain are as follows: BOD 60 mg
L', COD 80 mgL™", PV40 mg L', pH 6-9, dissolved mate-
rials 2 g L', PO,* zero, and NO;'~ 50 mg L', total heavy
metals T mg L™ according to Ministry of Health and Popula-
tion and World Health Organization (1982). Discharge of
untreated sewage and organic wastes possessing much
higher contents cause serious pollution problems, so waste-
water and sewage must be treated (Pescod, 1988).

The methods of treatment used for altering the character-
istics of liquid wastes fall into the following classifications: (1)
Preliminary treatments, (2) Primary treatments, (3) Secondary
treatments, and (4) Tertiary treatments. Secondary treatment
processes may be applied for further reduction of pollutants
present in the water component, this is a biological treat-
ment in which the waste or pollutants serve as a food source
for the microorganisms which can flourish and remove sus-
pended and dissolved pollutants.

Through the reduction of the number of pathogenic
microorganisms and the oxidation of organic materials, the
treated effluents and sludges can be used for irrigation pur-
poses and as plant fertilizers (Wu et al., 1993; Butorac et al.,
1995: Al-Nakshabandi et al., 1996; Tsadilas and Chatzou-
lakis, 7997). The physical, chemical and biochemical prop-
erties of soil were improved following the sewage water
addition but a limiting factor to their continual and general-
ized agronomic utilization would be the problem of heavy
metal accumulation, thus semi-polluted water can be used
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for irrigation because the heavy metal contents is below the
dangerous limit (Abou El-Hawa et al., 1998).

Sartori and Rizzetto (1999) found that the recycled puri-
fied water had higher levels of nitrogen, phosphorus and
sulfur compounds, while canal water contained more chlo-
rine components. Over the course of maize irrigation, there
was no overall difference between the canal and purified
water irrigation treatments. Ammar et al. (2000) confirmed
that the effect of the microbiologically desalinated sea water
did not markedly vary from that of the tap water in the irri-
gation of Zea mays.

Present study aimed at the use of sewage water treated by
cyanobacteria for irrigation of two plants (Z. mays and
Phaseolus vulgaris) and determination of the growth and
productivity of such plants after irrigation by the treated
water.

MATERIALS AND METHODS

Wastewater Sampling

Wastewater effluent of sewage station at Kafr El-Zayaat
City, Egypt was used. The water samples were collected
before treatment in clean and well stopered polyethylene
bottles. The samples were stored, refrigerated and analyzed
within few hours after arrival to the laboratory (El-Gammal,
2003).

Microorganisms

Cyanobacteria (Anabaena subcylindrica and Nostoc mus-
corum) were isolated from drain channels in the delta region
in Egypt and identified according to Prescott (1978). The
two organisms were confirmed for identification by compar-
ison with the same those from Trebon Culture Collection,
Czech Republic. The nutritive medium of Allen and Stanier
(1968) was used for the growth of cyanobacteria at pH 7.8.
The inoculum was prepared by dispensing 250 mL of Allen's
medium in 500 mL conical flasks and then autoclaved.
Inoculation was carried out by one loop of 10 d old cultures
followed by incubation at 30°C under continuous light
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(2000 lux) for 10 d. The cultures were gased with dry air
which contained about 0.3% (v/v) CO,. Before bubbling
into cultures, air was allowed to pass through a series of
“Wolf” bottles containing disinfecting solution of 0.1% (w/
v) CuSO,, 0.1% (w/v) HgCl, and ended with sterilized
water. The rate of gas was regulated by means of plastic
valves (Lorenzen, 1964). Growth of the cyanobacterial cul-
tures or inoculum was assessed at 750 nm to adjust the
number of cells. The cultures were centrifuged at 3000g
for 10 min under aseptic conditions and the supernatant
was discarded. The pellets were resuspended in 1500 mL
of sterile wastewater in 2000 mL conical flask. The relative
volume of inoculum was 10% (v/v). After cultivation of
cyanobacteria on wastewater, all flasks were incubated at
30°C using sterile bubbling for 10 d. At the end of each
experiment, the cyanobacterial masses were separated
from wastewater by filtration, then the filtered water was
taken for further analysis against a control without cyano-
bacterial cultivation (EI-Gammal, 2003). Another set of
wastewater was filtered and kept in a refrigerator for irriga-
tion of plants. The cyanobacteria were taken for analysis of
chlorophyll, carotenoids and proteins (El-Sheekh et al.,
2005).

Cultivation of Z. mays Sakha 321 and P, vulgaris Giza 6

The clay type of soil, 350 g of dry soil per plastic pot,
was used for Z. mays and P vulgaris cultivation. All pots
were seeded with five seeds per pot, and the plants were
grown in a chamber with a day length of 12 h with
fluorescent lights (4000 lux) at 30 = 2°C. The pots were
irrigated with the three types of treatments according to
the type of water; 1) Tap water as a negative control, 2)
Sterilized untreated wastewater as a positive control, and
3) Wastewater treated by cyanobacteria. Ages of plants
were from 20 to 22 d after germination. The plants were
irrigated every day. All plants were measured for their
shoot length, root length, number of lateral roots and per-
centage of germination, but three plants from each treat-
ment were measured for fresh weight, dry weight,
chlorophyll a and b and carotenoid contents, total proteins
and carbohydrates.

Physiological Measurements

At the time of sampling, plants were carefully removed
from the growth medium and washed thoroughly. Root
depth, shoot height, number of lateral roots and percent-
age of germination were measured. Roots and shoots were
separated and weighed immediately, then dried in an oven
at 45°C to constant weight. The different photosynthetic
pigment fractions of leaves were extracted in 85% (v/v)
acetone and measured as described by Metzner et al.
(1965). Total soluble proteins of dry shoots and roots were
extracted by borate buffer (pH 8.0) and estimated quanti-
tatively using the method of Lowry et al. (1951). Total car-
bohydrates were determined by the method of Dubios et
al. (1956).

Statistical Analysis

One way analysis of variance (ANOVA) was used accord-
ing to SPSS (1999).

RESULTS AND DISCUSSION

Changes in chlorophyll (chl) a and b and carotenoid con-
tents of Z. mays and P vulgaris are presented in Tabte 1. Sta-
tistical analysis showed that irrigation with wastewater
treated by N. muscorum caused low significant reduction in
the pigments content of Z. mays, except chl a/b ratio which
was significantly increased as compared with the tap water
control. Irrigation of R vulgaris by the treated wastewater
induced significant increase in the pigments content except
chl b that was only slightly increased. Chl a/b ratio of the
plants irrigated with the treated wastewater showed sig-
nificant reduction.

The results shown in Table 2 revealed that irrigation of
both plants by the treated wastewater caused insignificant
increase in the pigments content, except chl a/b ratio of Z.
mays and chl a as well as chl a + b of P vulgaris that showed
significant increase.

Table 3 showed that application of the untreated waste-
water and the treated wastewater with N. muscorum
induced a pronounced reduction in protein content of root
and carbohydrate content of shoot and root of Z. mays, with
the exception of shoot protein content that showed
significant increase after the treated water application. Irriga-
tion of P vulgaris with the untreated and the treated waste-
water caused increases in the measured parameters, except
protein content of shoot which decreased in the untreated
application. Thus, the treated wastewater appeared to exert
more stimulatory effect on most parameters in both plants.

It was obvious that untreated wastewater negatively
affected shoot and root protein as well as shoot and root
carbohydrate in both plants (Table 4). However, general
stimulation in most parameters was observed from the
wastewater treated with A. subcylindrica. Thus, the recorded
values were very close or higher than that of the tap water
control. There was insignificant relation between the irriga-
tion of the treated wastewater and the protein and carbohy-
drate contents of shoot and root of both plants. However, in
case of root protein and shoot carbohydrate of Z. mays and
root carbohydrate of P vulgaris, the relation was highly sig-
nificant.

Land application is often the most economic means of
disposing sewage effluents and sludges. Shortage of water
could be partially overcome by identifying new water
sources such as treated sewage effluent (Al-Nakshabandi et
al., 1996). Furthermore, the chemical composition of soil
provides useful information on the feasibility of using sew-
age water or semi-purified one in the irrigation because the
soil solution is the medium for mineral absorption by plant
roots (Abou El-Hawa et al., 1998).

The results showed that the measured growth parameters
(percentage of germination, seedling length, fresh and dry
weights, pigments, protein and carbohydrate of shoot and
root) of Z. mays and P vulgaris under the irrigation by
untreated or treated sewage wastewater were significantly
greater than or similar to the ones obtained with tap water.
Similar observation was previously recorded by Nelisen et
al. (1989), i.e., yields of R vulgaris with secondary effluent
irrigation were greater than or similar to yields obtained with
well water. Effluent irrigation resulted in variable results for
nutrients in plant tissue. Al-Nakshabandi et al. (1996)
reported that eggplant yield under the application with
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Table 1. Eifect of sewage wastewater treated by N. muscorum on the pigmentation (mg/g fresh weight) of Z. mays (A) and R vulgaris (B) after 21

d of sowing.
Treatment Chla Chl'b Chla+b Chl a/b Carotenoid Total

A 1.17 £ 0.03 0.49 + 0.01 1.66 = 0.05 2.4 £ 0.01 0.34 = 0.06 2.0 = 0.11
Tap water-control

B 1.28 = 0.11 0.5 £ 0.07 1.78 = 0.17 2.56 £ 0.15 0.46 = 0.05 2.24 £0.21

A 1.1 £ 0.03 0.40 = 0.04 1.5 = 0.07 2.8 +0.20 0.30 = 0.03 1.8 = 0.10
Untreated wastewater

B 1.47 = 0.04 0.69 = 0.02 2.16 £ 0.05 ©2.13 = 0.01 0.45 = 0.06 261 £0.11

A 1.1 +0.03 0.40 = 0.02 1.5 £ 0.05 2.8 +0.04 0.30 = 0.01 1.8 + 0.06
Treated wastewater

B 1.61 = 0.25 0.66 = 0.09 2.27 £0.31 2.44 £ 0.03 0.46 = 0.07 2.73 £0.38

A -5.90 -18.40 -9.60 16.70 -11.7 -10.
Change of unt/tap (%) 0 00

B 14.80 38.00 21.40 -16.80 -2.20 16.50

A -5.90 -18.40 -9.60 16.70 -11.70 -10.0
Change of tr/tap (%)

B 25.80 32.00 27.50 -4.70 0.00 21.90

A 0.00 0.00 0.00 0.00 0.00 0.00
Change of tr/unt (%)

B 9.50 -4.30 5.10 14.60 2.20 4.60
Eval A 5.72%* 12.04** 8.72* 10.76** 1.04 (N.S) 5.09*
-value

B 3.67 (N.S) 7.82% 4.69 (N.S) 19.38** 0.01 (N.S) 3.03 (N.S)

A 0.025 0.021 0.045 0.094 0.032 0.073
LSD at 0.05 .

B 0.129 0.052 0.167 0.072 0.049 0.210

Minus data indicate the decrease in the percentage of change.
Each value is the mean of three readings = standard deviation.

N.S, insignificant; tr, treated; unt, untreated. *P <0.05, **P <0.01, ***P <0.001.

Table 2. Effect of sewage wastewater treated by A. subcylindrica on the pigmentation (mg/g fresh weight) of 7. mays (A) and P vulgaris (B) after 21

d of sowing.
Treatment Chla Chib Chla+b Chla/b Carotenoid Total
A 113 +20.12 0.42 = 0.05 1.55 = 0.11 2.69 = 0.18 0.39 £ 0.04 1.94 + 0.20
Tap water-control
B 1.32 £ 0.10 0.51 = 0.09 1.83 = 0.19 2.59 £ 0.22 0.44 = 0.04 2.27 £0.23
A 1.09 = 0.26 0.33 = 0.12 1.42 = 0.34 3.36 £ 0.35 0.34 = 0.09 1.76 = 0.47
Untreated wastewater
B 1.49 = 0.01 0.64 = 0.06 2.13 £ 0.07 2.33 +£0.23 0.50 = 0.04 2.63 £ 0.11
A 1.36 = 0.07 0.47 + 0.05 1.83 = 0.12 2.89 + 0.19 0.42 + 0.04 2.25 £ 0.15
Treated wastewater
B 1.60 = 0.11 0.62 = 0.04 222 +0.14 2.59 +0.12 0.48 + 0.04 2.70 £ 0.18
A -3.50 -21.40 -8.40 24.90 -12.80 -9.30
Change of unt/tap (%)
B 12.90 25.50 16.40 -10.00 13.60 15.90
A 20.40 11.90 18.90 7.40 7.70 15.90
Change of tr/tap (%) .
B 21.20 21.60 21.30 0.00 9.10 18.90
ch Ftrjunt %) A 24.80 42.40 28.90 -13.90 23.50 27.80
ange ot runt o B 7.40 3.10 4.20 11.20 -4.00 2.70
Fval A 0.77 (N.S) 2.49 (N.S) 2.37 (N.S) 5.44% 1.39 (N.S) 2.02 (N.S)
vae B 7.71% 3.47 (N.S) 6.27* 1.74 (N.S) 1.75 (N.S) 4.95 (N.S)
LSD at 0.05 A 0.256 0.066 0.198 0.206 0.049 0.251
ao. B 0.070 0.052 0.114 0.158 0.033 0.145

Minus data indicate the decrease in the percentage of change.
Each value is the mean of three readings + standard deviation.

N.S, insignificant; tr, treated; unt, untreated. *P <0.05, **P <0.01, ***P <0.001.

treated effluent of As-Samra wastewater stabilization ponds
in Jordan was twice the average eggplant production with
fresh water irrigation using conventional fertilizer.

The data further indicate that the increase in plant growth
and productivity as a result of sewage wastewater irrigation
may be due to the presence of high levels of essential nutri-
ents such as nitrogen, phosphorus and potassium in waste-
water (El-Gammal, 2003). This observation is in agreement
with Pescod (1992), Al-Nakshabandi et al. (1996) and
Sekiranda and Kiwanuka (1997) who mentioned that
increase in yield and plant growth was attributed to the
presence of high levels of essential nutrient elements in

wastewater. Investigators showed that the application of
sewage enhanced crop yield (Al-Nahidh and Gomah, 1991;
Butorac et al., 1995) and improved the soil structure (Pagliai
and Vittori, 1993; Abou El-Hawa et al., 1998), because
waste products are rich in nitrogen, potassium and organic
matter.

On the other hand, Ramirez-Saad et al. (1992) found
that during the first months of growth of Casuarina, waste-
water induced dwarf seedlings. The depressed growth
parameters, in some cases, of the two plants under the
effect of irrigation by wastewater may be attributed to the
presence of heavy metals in wastewater (El-Sheakh et al.,
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Table 3. Effect of sewage wastewater treated by N. muscorum on the protein and carbohydrate contents (mg/g dry weight), of Z. mays (A} and P

vulgaris (B) after 21 d of sowing.

Shoot protein Root protein Shoot carbohydrate Root carbohydrate
Treatment

A B A B A B A B
Tap water-control 280+0.2 226=x24 22216 121 x0.1 82+13 64921 13104 101 3.0
Untreated wastewater 28200 18119 191x0.2 13.7+x16 65+23 67319 108=x40 12020
Treated wastewater 28038 23415 196+x03 149=1.2 79 +1.7 69724 13910 139+x5.3
Change of unt/tap (%) 0.7 -19.9 -13.9 13.2 -20.7 3.7 -17.6 18.8
Change of tritap (%) 0.0 3.5 -1.7 23.1 3.7 7.4 6.1 37.6
Change of tr/unt (%) 0.7 293 2.6 8.8 215 3.6 28.7 15.8
F-value 0.01 (N.S) 6.19* 8.71* 4.43 (N.S) 75.08%** 3.76 (NS)  135.84%** 80.33***
LSD at 0.05 1.79 1.60 0.78 0.94 1.48 1.75 1.95 3.02

Minus data indicate the decrease in the percentage of change.
Each value is the mean of three readings = standard deviation.

N.S, insignificant; tr, treated; unt, untreated. *P <0.05, **P <0.01, ***P <0.001.

Table 4. Effect of sewage wastewater treated by A. subcylindrica on the protein and carbohydrate contents (mg/g dry weight), of Z. mays (A) and

P vulgaris (B) after 21 d of sowing.

Shoot protein Root protein Shoot carbohydrate Root carbohydrate
Treatment
A B A B A B A B
Tap water-control 27103 23413 16901 16108 793=x75 63733 128170 96.1+0.3
Untreated wastewater 270+08 20210 165+x03 153+x04 54020 61318 131 x50 80.5 = 3.8
Treated wastewater 26201 23.0x27 21.2x01 160=x0.1 67706 63724 128=14.0 1069 = 6.5
Change of unt/tap (%) -0.4 -13.7 -2.4 -4.9 -31.9 -3.8 2.3 -16.2
Change of tr/tap (%) -3.3 -1.7 25.4 -0.6 -14.6 0.0 0.0 1.2
Change of tr/unt (%) -2.9 13.9 28.5 4.6 25.4 39 -2.3 32.8
F-value 2.96 (N.S) 2.80 (N.S) 571.80%** 213 (N.S) 23.85%** 0.85 (N.S) 0.05 (N.S) 27.92%**
LSD at 0.05 0.41 1.49 0.15 0.43 3.67 2.1 10.65 3.55

Minus data indicate the decrease in the percentage of change.
Each value is the mean of three readings = standard deviation.

N.S, insignificant; tr, treated; unt, untreated. *P <0.05, **P <0.01, ***P <0.001.

2005). Toxicity by heavy metals depresses photosynthesis,
causes inhibition of growth and decreases nutrient uptake
and transport (Fernands and Henriges, 1991; Greger and
Bertell, 1992).

Plants can evolve several tolerance mechanisms to avoid
metal toxicity. For example, copper may be trapped out-
side of the plant by organic acids exudated by the plant
(Macnair, 1981). Cadmium and copper may be also
trapped by intracellular metal-binding compounds, such as
phytochelatines  or  metallothionein-like  cysteine-rich
polypeptides (Steffens, 1990). Al-Nakshabandi et al. {1996)
reported that there was no appreciable difference in heavy
metal concentration in plant tissues under fresh or effluent
irrigation water. These observations were in accordance
with the findings of El-Gammal (2003) and El-Sheekh et al.
(2005) who recorded high concentrations of heavy metals
in wastewater treated with N. muscorum, but in the same
time, internal concentration of heavy metals in the plants
did not vary.
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