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Abstract  The use of domestic sewage in the agriculture is an alternative for reduction of the pollution of rivers, pres-
ervation of resources hydrics and availability of water and nutritious for plants. An experiment was conducted to investigate 
the effects of irrigation with sewage effluent and rhizobia inoculation on growth parameters and macro and micronutrients 
contents in shoots of leguminous trees grown in an Alisol in northeastern Brazil. Irrigation with sewage effluent and rhizo-
bium inoculation affected significantly the growth parameters and nodulation of L. leucocephala and M. caesalpiniaefolia. 
Statistically higher values of shoot dry matter and plant height were observed in leguminous trees irrigated with sewage 
effluent, compared to treatment with water irrigation.Sewage effluent irrigation treatment also increased significantly the 
contents of N, P, K, Ca, Mg, Fe, Zn and Mn in shoots of woody legumes studied after harvest. Inoculation with Rhizobium 
promoted significant increases in growth parameters and macro and micronutrients contents, only when associated with 
application of sewage effluent. 
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1. Introduction 
The need to preserve the resources hydrics and the libera-

tion of waters of better quality for nobler uses, as the do-
mestic supply, impelled the use of several types of waste-
water in agriculture[31].Sanitary sewage presents great 
threat to the environment when inadequately thrown in water 
bodies. However, they can be treated and used in the agri-
culture without causing environmental risks or transmission 
of diseases[17]. 

The treated wastewater irrigation is expected to gain in-
creased importance, requiring careful considerations in-
volving the adequate balance between nutritional inputs via 
irrigation and optimal plant productivity requirements[24]. 
Aside from economical benefits acquired for diverse climatic 
and soil conditions, crop irrigation with treated sewage 
effluents constitutes an ecologically sound method for the 
disposal of effluents into the environment[39]. The use of 
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sewage effluent irrigation in irrigated agriculture has been 
studied in various cultures[2,23,26,30]. Forage plants has 
been chosen for irrigation with sewage effluent because of 
the long growing season associated with high nutrient uptake 
capacity and the ability to prevent erosion processes[16]. 
Some studies show increases in growth parameters such as 
dry matter and plant height: alfalfa[19]; ‘Tifton 85’ hybrid 
bermudagrass[16]; bermudagrass[19] and forage corn[28]. 
For maize increases in dry matter[4] and silage yield[29] 
were observed after sewage effluents irrigation. 

Several leguminous trees are used as forages, and studies 
of the literature report its ability to N2-fixation by symbiosis 
with Rhizobium[10,11,18]. The tropical legume leucena 
(Leucaenaleucocephala) and sabiá (Mimosa caesalpiniae-
folia) are multipurpose tree and are used for animal forage, 
wood production, fuel production, reforestation, stakes and 
coal, being adapted to semi-arid tropical regions of the 
Brazil[22,36,37]. However, there is a general lack of infor-
mation regarding the effects of irrigation with sewage ef-
fluent on the growth parameters and nutrient uptake of 
woody legumes. 

The aim of this study was to evaluate the effect of the 
application of sewage effluent and rhizobia inoculation on 
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growth parameters and nutrient uptake of leguminous trees. 

2. Materials and Methods 
2.1. Plant and Soil Characteristics 

The study was carried out in the region of the coastal ta-
blelands, in the UFRN Experimental Station of Treatment of 
Sewages, in Natal city, Rio Grande do Norte State, Brazil. 
The soil used were a Yellow Red Argisoil in the Brazilian 
System of Soil Classification[13], corresponding to an Alisol 
in FAO legend[15], collected in area of degraded pasture, 
located in the Rockfeller farm, municipality of São Gonçalo 
do Amarante, Rio Grande do Norte State, Brazil. The soil 
mineralogy is characterized by minerals of variable charge, 
with <7% iron oxides and presence of kaolinite in the clay 
fraction. The chemical and physical characteristics of the 
studied soil are listed in the Table 1. The mean annual tem-
perature of the studied area is 26℃ and the average annual 
rainfall is 1500 mm[21]. 

Table 1.  Some physical and chemical characteristics of the soil used in the 
experiment 

Characteristics Mean* 
pH 5.6 

Al3+(cmolc.kg-1) 0.11 
H+(cmolc.kg-1) 2.39 

Ca2+(cmolc.kg-1) 0.20 
Mg2+(cmolc.kg-1) 0.14 
K+(cmolc.kg-1) 0.32 
Na+(cmolc.kg-1) 0.18 

P(mg.dm-3) 3.00 
Sand(g kg-1) 859 
Clay(g kg-1) 20 
Silt(g kg-1) 121 

* Data are means of 3 replications. 

The tropical tree legume leucena (Leucaenaleucocephala) 
and sabiá (Mimosa caesalpiniaefolia) were used as plants 
tests, which have great potential for recuperation of degraded 
areas. The seeds of L. leucocephala were furnished by the 
Centre of Agricultural Researches of the Semiarid Tropics 
(EMBRAPA) and seeds of M. caesalpiniaefolia by the In-
stitute of Forest Researches. 

2.2. Plant Inoculation and Experimental Conditions 

The legumes L. leucocephalaand M. caesalpiniaefolia 
were planted in plastic pots (8 L), each filled with 10 kg of 
soil (0-0.2 m layer), being made, 40 days before the planting, 
the application of lime and fertilization with phosphorus, 
following recommendation for tree legumes for the State of 
Pernambuco, Brazil[20]. 

Treatments consisted of legumes irrigated with water and 
inoculated with rhizobium; legumes irrigated with domestic 
sewage effluent and inoculated with rhizobium; legumes 
irrigated with water and without inoculation; and legumes 
irrigated with domestic sewage effluent and without inocu-
lation. 

The rhizobium strains used in the research for inoculation 
were furnished by the Company of Brazilian Agricultural 
Research (EmbrapaAgrobiologia).Seeds were surface- ster-
ilised with 95% ethanol for 10 min, washed six times with 
sterilized water and soaked overnight to imbibe water. 
Seedlings of L. leucocephala were inoculated with Bradyr-
hizobium strains (BR 825 and BR 827) and M. caesalpini-
aefolia with Bradyrhizobium strains (BR 3407 and BR 3446). 
After the incubation period, soil moisture was kept at 80% of 
field capacity throughout the experiment, in the areas irri-
gated with water and with the domestic sewage effluent, 
through a drip irrigation system, and using lateral plastic 
drains in the pots. 

The pots were distributed in two areas with dimensions of 
3,5m x 3,5m, arranged in a completely randomized factorial 
design with 3 replications. In the first area the pots were 
irrigated with water and in the second area the pots were 
irrigated with domestic sewage effluent, originating from 
UFRN Station of Anaerobic Treatment of Sewages. The 
amount and frequency of irrigation were the same for every 
treatment and both crops. The amount of irrigation was 3 
mm/day from planting to harvest the plants. Table 2 shows 
the chemical and microbiological characteristics of sewage 
effluent used in the experiment[27]. 

Table 2.  Chemical composition of sewage effluent used in the experiment 

Characteristics Mean** 

pH 7.00 
N-NH4

+(mgL-1) 39.43 
P(mgL-1) 2.13 

K+(mgL-1) 16.70 
Ca2+(mgL-1) 7.10 
Mg2+(mgL-1) 5.99 

S(mgL-1) 6.55 
Na+(mgL-1) 66.25 
Fe2+(mgL-1) 0.37 
Cu2+(mgL-1) 0.06 
Zn2+(mgL-1) 0.03 
Mn2+(mgL-1) 0.02 
CE*(dS m-1) 0.736 
TS(mgL-1) 380 

COD(mgL-1) 168 
Tocal coliforms(MPN 100mL-1) 370. 10-3 
Fecal coliforms(MPN 100mL-1) 223. 10-3 

*CE = Electrical conductivity; TS = Total solids;COD = chemical oxygen 
demand; MPN = Most Probable Number;**Data are means of 3 replications. 

At 75 days after the planting, the plants were harvested 
and plant height, shoot dry matter and dry weight of nodules 
were determined.Plant material was dried at 60℃ after 
washing with water followed by two successive rinses in 
distilled water. Afterward, drying samples were ground to 
pass 40 mesh screen and stored in plastic vials. The macro 
and micronutrients were measured in plant material accord-
ing to Embrapa[12]. Total N was determined by semi-micro 
Kjeldhal using an auto-analyser Kjeltec 1030. Sodium and K 
were determined by flame photometry, P by colorimetric 
determination and Ca, Mg, Cu, Fe, Mn and Zn by atomic 
absorption spectrophotometry. 
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2.3. Statistical Analyses 

The statistical calculations were performed using the 
ASSISTAT software[34].The results were submitted to 
analysis of variance (ANOVA) using a completely random-
ized arrangement and 3 replications. The means were com-
pared by the Tukey’s test, considering a significance level of 
p<0.05 throughout the study. Data accumulated N and 
number of nodules were submitted to regression and equa-
tions were obtained using Table Curve 2D software, Version 
2.0. 

3. Results and Discussion 
3.1. Plant Growth and Nodulation 

Responses in height, shoot dry matter and nodulation by L. 
leucocephala and M. caesalpiniaefolia following application 
of sewage effluent and inoculation with rhizobia are pre-
sented in tables 3 and 4 respectively. 

Table 3.  Effect of sewage effluent and of the inoculation with Rhizobium 
on growth and nodulation of leucena (Leucaenaleucocephala) 

Irrigation With Rhizobium Without Rhizobium 
 Heigth (cm) 

Water 20.3 Ab 21.0 Ab 
Sewage effluent 58.3 Aa 36.3 Ba 

 Shoot dry matter (g plant-1) 
Water 3.13 Ab 3.39 Ab 

Sewage effluent 11.34 Aa 9.98 Aa 
 Nodule (nº plant-1) 

Water 22.0 Ab 0.0 Ba 
Sewage effluent 51.3 Aa 0.0 Ba 

Values followed by different letters are significantly different at P=0.05, using 
the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

Table 4.  Effect of sewage effluent and of the inoculation with Rhizobium 
on growth of sabiá (Mimosa caesalpiniaefolia) 

Irrigation With Rhizobium Without Rhizobium 
 Heigth (cm) 

Water 27.3 Ab 30.5 Ab 
Sewage effluent 55.3 Aa 45.8 Ba 

 Shoot dry matter (g plant-1) 
Water 6.85 Ab 5.79 Ab 

Sewage effluent 19.29 Aa 17.26 Aa 
 Nodule (nº plant-1) 

Water 36.00 Ab 0.00 Ba 
Sewage effluent 98.33 Aa 0.00 Ba 

Values followed by different letters are significantly different at P=0.05, using 
the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

Height of L. leucocephala and M. caesalpiniaefolia were 
increased significantly (P<0.05) from 36.3 to 58,3 cm and 
48,5 to 55,3 cm (Tables 3 and 4, respectively), due to in-
oculation with rhizobia, when irrigated with sewage effluent, 
but was unaffected by inoculation with rhizobia when irri-
gated with water. This trend was not reflected in shoot dry 
matter yields of L. leucocephala and M. caesalpiniaefolia, 
which was not significantly affected by inoculation with 
rhizobia in the plants irrigated with water and with sewage 

effluent. Stamford and Silva[38], however, found significant 
effects of rhizobia inoculation on shoot dry weight of M. 
caesalpiniaefolia, when strains selected to acid soils were 
used. 

Application of sewage effluent increased the heights of L. 
leucocephala and M. caesalpiniaefolia significantly (Tables 
3 and 4, respectively), compared to treatment with irrigation 
water, in both treatments with and without inoculation. 
These results are consistent with the reported by Bezerra et al. 
[8], that verified larger cotton height due to the application of 
domestic sewage effluent. 

Irrigation with sewage effluent promoted larger values of 
shoot dry matter in L. leucocephalaand M. caesalpiniaefolia 
(Tables 3 and 4, respectively), compared with water irriga-
tion treatment. There was an increase of 262% in the L. 
leucocephala shoot due to the irrigation with sewage effluent, 
compared with the plants irrigated with water, when inocu-
lated with rhizobia. In the treatment without inoculation, the 
increase of shoot dry weight in L. leucocephala irrigated 
with sewage effluent was of 194%, compared with the plants 
irrigated with water. The shoot dry matter of M. caes-
alpiniaefoliahad increases of 182% and 198% when irrigated 
with effluent, compared to irrigation with water, in treat-
ments with and without rhizobia inoculation respectively. 

The highest values of height and shoot dry matter of L. 
leucocephalaand M. caesalpiniaefolia when irrigated with 
sewage effluent, compared to treatments irrigated with water, 
could be attributed to the presence of appreciable amount of 
N, K, Ca, Mg and some other micronutrients essential for 
plant growth present in sewage effluent (Table 2). 

Irrigation with sewage effluent and inoculation with 
rhizobia affected the nodulation in both plants studied (Ta-
bles 3 and 4, respectively). The application of sewage ef-
fluent significantly increased the nodulation from 22.0 to 
51.3 nodules plant-1 in L. leucocephala (Table 3) and from 
36.0 to 98.3 nodules plant-1 in M. caesalpiniaefolia (Table 4), 
compared with treatments irrigated with water, when in-
oculated with rhizobia. Al-Fredan[3] also found significant 
increase in the number of nodules in faba bean, due to ap-
plication of domestic sewage effluent. 

In this study, nodulation of L. leucocephalaand M. caes-
alpiniaefolia occurred only in treatments inoculated with 
rhizobium.There was a significant and positive correlation 
between the nitrogen accumulated in shoot dry matter and 
number of nodules of L. leucocephalaand M. caesalpiniae-
folia, in the treatments inoculated with rhizobia (Fig. 1). 
Stamford and Silva[38] observed that inoculation with 
rhizobium in Alisol resulted in 85% increase in dry weight of 
nodules in M. caesalpiniaefolia, compared with uninocu-
lated plants. The same authors found no nodulation of M. 
caesalpiniaefolia grown on an Oxisol, in the treatment not 
inoculated with rhizobium. 

The positive and significant correlation between the N 
accumulated in the shoot dry matter and nodules number of L. 
leucocephala and M. caesalpiniaefolia (Fig. 1) shows the 
efficiency of the inoculation with rhizobia, reflecting the 
fixation of atmospheric nitrogen by plants.Souza et al.[35], 
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studying the nodulation of L. leucocephala and M. caes-
alpiniaefolia not inoculated, despite reporting the nodulation 
with natives rhizobia, found no significant correlation be-
tween number of nodules and nitrogen accumulated. 

 
Figure 1.  Linear regression of N accumulated in shoot dry matter and 
nodule number of L. leucocephala and M. caesalpiniaefolia 

The occurrence of nodules in L. leucocephala and M. 
caesalpiniaefolia (Tables 3 and 4, respectively), just in the 
inoculated plants, shows total absence of native rhizobia in 
the soil studied, or possibly lack of conditions for nodulation 
due to the acidic pH soil.This result shows that there is need 
for inoculation with rhizobium in L. leucocephala and M. 
caesalpiniaefolia grown in acid soils, to occur the effective 
nodulation and fixation of atmospheric nitrogen. Chong et al. 
[9], however, reported that plants excrete different exudates, 
which can cause changes in pH near the rhizosphere, al-
lowing nodulation in acidic soils. 

Another factor that can affect nodulation of L. leuco-
cephala and M. caesalpiniaefolia, when not inoculated, is 
the low competitiveness of their native rhizobial populations 
in tropical soils[7]. Souza et al.[35] found low frequencies of 
the native populations of rhizobia to L. leucocephala, with 
only 22% of plants nodulated in tropical soils of northeast 
Brazil, while 86% of M. caesalpiniaefolia plants wereno- 
dulated with native strains. 

The significantly higher values of nodules in L. leuco-
cephala and M. caesalpiniaefolia (Tables 3 and 4, respec-
tively) when irrigated with sewage effluent, show the posi-
tive effect of sewage effluent on the symbiosis between 
rhizobia and plants. Al-Fredan[3] emphasize that the in-
creased nodulation of faba bean irrigated with sewage ef-
fluent suggest that the more of the nitrogen in the effluent is 
used to establish seedlings in the earlier stages, independent 
of nitrogen fixation, which is reflected in better seedling 
growth and higher number of nodules. 

3.2. Macronutrients Accumulation 

The accumulation of N, P, Na and K in shoot dry matter of 
L. leucocephala was not significantly influenced by rhizo-
bialinoculation (P<0.05), in the treatments irrigated with 
waters and with sewage effluent (Tables 5). Leucaenaleu-
cocephala, however, accumulated larger values of Ca (51.92 
mg plant-1) and Mg (14.34 mg plant-1) when inoculated 
with rhizobia and when irrigated with sewage effluent. 

The shoot dry matter N, Na and K content were signifi-
cantly larger when M. caesalpiniaefolia was inoculated with 
rhizobia, and when plants were irrigated with sewage ef-
fluent.However, when irrigated with water, inoculation with 
rhizobia produced no response in N, P, Ca, Mg, Na and K 
level in shoots of M. caesalpiniaefolia, compared with the 
treatment without inoculation (Table 6). 

Table 5.  Effect of sewage effluent and of the inoculation with Rhizobium 
on macronutrients accumulation in leucena (Leucaenaleucocephala) 

Irrigation Inoculation 
With Rhizobium Without Rhizobium 

 N (mg plant-1) 
Water 23.34 Ab 27.81 Ab 

Sewage effluent 97.51 Aa 85.84 Aa 
 P (mg plant-1) 

Water 0.52 Ab 0.54 Ab 
Sewage effluent 2.12 Aa 1.78 Aa 

 Ca (mg plant-1) 
Water 12.32 Ab 13.17 Ab 

Sewage effluent 51.92 Aa 30.93 Ba 
 Mg (mg plant-1) 

Water 5.43 Ab 4.25 Ab 
Sewage effluent 14.34 Aa 9.51 Ba 

 Na (mg plant-1) 
Water 1.31 Aa 1.96 Aa 

Sewage effluent 1.52 Aa 1.31 Aa 
 K (mg plant-1) 

Water 39.93 Ab 44.68 Ab 
Sewage effluent 152.27 Aa 128.86 Aa 

Values followed by different letters are significantly different at P=0.05, us-
ing the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

Table 6.  Effect of sewage effluent and of the inoculation with Rhizobium 
on macronutrients accumulation in sabiá (Mimosa caesalpiniaefolia) 

Irrigation 
Inoculation 

With Rhizobium Without Rhizobium 
N (mg plant-1) 

Water 22.60 Ab 28.56 Ab 
Sewage effluent 144.04 Aa 114.11 Ba 

 P (mg plant-1) 
Water 0.88 Ab 0.89 Ab 

Sewage effluent 3.70 Aa 4.09 Aa 
 Ca (mg plant-1) 

Water 23.07 Ab 30.00 Ab 
Sewage effluent 83.43 Aa 87.25 Aa 

 Mg (mg plant-1) 
Water 4.46 Ab 5.43 Ab 

Sewage effluent 23.82 Aa 21.00 Aa 
 Na (mg plant-1) 

Water 2.33 Aa 2.56 Aa 
Sewage effluent 2.48 Aa 2.11 Ba 

 K (mg plant-1) 
Water 69.54 Ab 69.86 Ab 

Sewage effluent 253.37 Aa 221.86 Ba 

Values followed by different letters are significantly different at P=0.05, us-
ing the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

Data in Tables 5 and 6 showed that application of sewage 
effluent increased N, P, Ca, Mg and K significantly in shoots 
dry matter of L. leucocephala and M. caesalpiniaefolia 
respectively, in relation to the treatments irrigated with water, 
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in both treatments with and without rhizobia inoculation. 
The highest values of Ca and Mg accumulated in shoot dry 

matter of Leucaenaleucocephala (Tables 5), and the highest 
values of N, Na and K in M. caesalpiniaefolia (Table 6), 
when inoculated with rhizobia and when the plants were 
irrigated with sewage effluent, suggesting that the associa-
tion among inoculation with rhizobia and the sewage effluent 
promotes a beneficial effect in the absorption of these 
macronutrients, compared with the treatment without in-
oculation and irrigated with water. 

The largest accumulated macronutrients values in L. leu-
cocephala and M. caesalpiniaefolia irrigated with sewage 
effluent resulted in larger plant growth (Tables 3 and 4, 
respectively), as represented by height and shoot dry matter, 
indicating the positive effect of the effluent of domestic 
sewage as organic fertilizer.Azevedo and Oliveira[6] veri-
fied increased levels of N, P, K, Ca, Mg and S in soil irri-
gated with sewage effluent, resulting in increased yield of 
cucumber.Increasing macronutrients concentrations were 
also observed by Falkiner and Smith[14] in forest soils and in 
soils cropped with eggplant[5], when irrigated with sewage 
effluent. 

3.3. Micronutrients Accumulation 

L. leucocephala inoculated with rhizobium presented 
values significantly higher of Zn, Fe and Mn accumulated in 
shoot dry matter, in relation to treatment without inoculation, 
in the soil irrigated with sewage effluent (Table 7), which 
may have occurred due to increased absorption of these 
micronutrients, reflecting the greater availability near the 
rhizosphere.Malavolta[25] emphasizes that when the source 
of N for the plant is atmospheric N2 fixed, there is a greater 
uptake of cations compared to anions, causing increased 
excretion of H+ and reduction of rhizosphere pH, which 
increases the availability of cationic micronutrients and the 
subsequent absorption by plants. 

In relation to the M. caesalpiniaefolia, rhizobium inocu-
lation had no significant effect on contents of the micronu-
trients Cu, Zn and Fe in the shoot. Only the Mn content 
increased significantly in response to rhizobium inoculation, 
in soil irrigated with sewage effluent (Table 8). This may be 
attributed to differences in absorption of nutrients by plant 
species, due to variation in pH of the rhizosphere resulting 
from biological fixation of nitrogen by different species, 
promoting large variation in the availability of nutrients in 
the soil[32]. 

When irrigated with water, the values of Cu, Zn, Fe and 
Mn in shoot dry matter of L. leucocephala and M. caes-
alpiniaefolia (Tables 7 and 8, respectively) were not affected 
for the inoculation with rhizobia. 

Application of sewage effluent increased significantly the 
contents of Zn, Fe and Mn in shoot dry weights of L. leu-
cocephala and M. caesalpiniaefolia (Tables 7 and 8, re-
spectively), compared to treatment with water irrigation, in 
both treatments with and without inoculation, probably 
reflects the increase of these micronutrients in the soil due to 
application of the effluent. The Cu content remained un-

changed in response to application of the sewage effluent. 
Rattan et al.[30] also reported an increase of Zn, Fe and Mn 
in the dry matter of maize irrigated with sewage effluent, 
compared with soil irrigated with well water. Al- Naksha-
bandi et al.[5] observed higher concentrations of Cu, Fe, Mn, 
Pb and Zn in soil due to high concentration of these micro-
nutrients in the treated sewage effluents. Similarly, Siebe[33] 
also found slight increases in Cd, Cu and Zn in soils cropped 
with alfalfa and irrigated with treated sewage effluents for 
more than 80 years. 

Table 7.  Effect of sewage effluent and of the inoculation with Rhizobium 
on micronutrients accumulation in leucena (Leucaenaleucocephala) 

Irrigation 
Inoculation 

With Rhizobium Without Rhizobium 
Cu (µg plant-1) 

Water 3.81 Aa 3.84 Aa 
Sewage effluent 5.67 Aa 5.53 Aa 

 Zn (µg plant-1) 
Water 32.17 Ab 27.69 Ab 

Sewage effluent 69.51 Aa 45.43 Ba 
 Fe (µg plant-1) 

Water 110.43 Ab 63.52 Ab 
Sewage effluent 225.37 Aa 165.77 Ba 

 Mn (µg plant-1) 
Water 40.59 Ab 48.63 Ab 

Sewage effluent 127.80 Aa 100.20 Ba 

Values followed by different letters are significantly different at P=0.05, us-
ing the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

Table 8.  Effect of sewage effluent and of the inoculation with Rhizobium 
on micronutrients accumulation in sabiá (Mimosa caesalpiniaefolia) 

Irrigation 
Inoculation 

With Rhizobium Without Rhizobium 
Cu (µg plant-1) 

Water 12.84 Aa 11.41 Aa 
Sewage effluent 12.24 Aa 10.97 Aa 

 Zn (µg plant-1) 
Water 29.03 Ab 30.81 Ab 

Sewage effluent 104.02 Aa 86.12 Aa 
 Fe (µg plant-1) 

Water 94.52 Ab 90.67 Ab 
Sewage effluent 250.61 Aa 251.30 Aa 

 Mn (µg plant-1) 
Water 36.38 Ab 59.47 Ab 

Sewage effluent 207.58 Aa 169.66 Ba 

Values followed by different letters are significantly different at P=0.05, us-
ing the Tukey test.Upper case letter compare data within rows and lower case 
letters compare data within columns. 

The increase in growth parameters studied (height and 
shoot dry matter) reflects the supply of micronutrients from 
sewage effluent applied, and may be attributed to its influ-
ences in enhancing the photosynthesis process and translo-
cation of photosynthetic products to the seed, as a result of 
increase enzymatic activity and other biological activi-
ties[1,25]. 

4. Conclusions 
The results of this study indicate that application of sew-

age effluent increased the growth parameters (shoot dry 
matter and plant height) and nodulation of leguminous trees. 
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With the exception of Na, macronutrients contents increased 
in shoot dry matter of woody legumes with the application of 
sewage effluent. Micronutrient contents (except for Cu) in 
the dry biomass of both legumes L. leucocephala and M. 
caesalpiniaefolia also increased with sewage effluent irri-
gation. Consequently, sewage effluent was efficient to im-
prove plant growth and can be used as an alternative hydric 
resource in the cultivation of leguminous trees. 

The results also show that inoculation with Rhizobium 
promoted significant increases in growth parameters, macro- 
and micronutrients contents, only when associated with 
application of sewage effluent. 

In conclusion, this study indicated that treated sewage ef-
fluent can be used both as a potential source of nutrients such 
as water supply for tree legumes, however, suggest a con-
tinuous monitoring of the effluent quality, in order to de-
termine the residual effects of treated sewage effluent before 
using it as a fertilizer. 
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