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Abstract 
 Following wastewater from municipal treatment plants resulting large 
quantities of city sludge rich in macro and micronutrients that can be a solution 
for fertilizing species including forage. Objective of this study is to evaluate the 
effect of city sludge fertilization on symbiotic nitrogen fixation in alfalfa and to 
examination of morphological and tinctorial characteristics of alfalfa nodule in 
flowering and shoot phenophases. The experience has been carried out during 
two experimental years, 2010-2011, and has been placed on the bill faeozom from 
Bolduţ, Cluj County, owned by ARDS Turda. In our experiences at each plant 
alfalfa were chosen nodule most representative and which showed red section, 
which confirms their effectiveness. Nodule were sterilized and incubated in 
culture media. 
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INTRODUCTION 
 

One of the major 
problems of modern agriculture 
is to increase production of 
vegetable and animal protein, 
while switching to organic 
farming and reduction of 
fertilizer produced by industry. 
Nitrogen fixation by symbiotic 
bacteria of the genus Rhizobium 

is inextricably linked to their 
adaptation to environmental 
conditions and applied 
technologies cultivated. 
Romania's growing urbanization 
and the increasing demands on 
the European municipal waste 
recovery re-imposed solutions 
to agricultural production 
systems of city sludge.
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MATERIAL AND METHOD 
The experience has been 

carried out during two 
experimental years, 2010-2011, 
and has been placed on the bill 
faeozom from Bolduţ, Cluj 
County, owned by ARDS Turda. 
The soil is slightly alkaline with 
a pH of 8.07 within the Ao 
horizon and a 8.39 pH within Bt 
horizon, with a rate of 0.24% N, 
41 ppm P and 342 ppm K. The 
experiences have been placed 
using the latin rectangle method 
in 4 repetitions with 8 variants: 
V1-control, V2 - 20 t / ha sludge, 
V3 - 30 t / ha sludge, V4 - 40 t / 
ha sludge, V5 - 60 t / ha sludge, 
V6 - 20 t / ha manure, V7 - 40 t / 
ha manure and V8 - 60 t / ha 
manure. The sludge that has 
been used was provided by the 
wastewater from Cluj-Napoca. 
The sludge has been first 
fermented in methantanks and 

dried on platforms for 8 months, 
having the following 
characteristics: 3.56% N, 2330 
ppm P, 816 ppm K and 7.06 
neutral pH. OSPA Cluj-Napoca 
provided the chemical analysis 
of the sludge and the soil profile 
characterization. The biological 
material that has been used was 
alfalfa, Madalina variety. 

In our experience of each 
variant were chosen the most 
representative nodule and the 
red section are presented, which 
confirms their effectiveness. 
After counting the nodule, they 
were sterilized and incubated in 
culture media. The study 
concerns the effect of applying 
city sludge on morphological 
and tinctorial properties of the 
alfalfa nodule. We used gram 
method and differential method 
of staining bacteria. 

RESULTS AND DISCUSSION 
 
In the first stage 

(phenophase of shoot) the 
nodule content is whitish 
bacteria are rod-and cocci phase 
using nitrogen supplied the host 
plant. 
 In the second stage 
(phenophase of flowering) is 
stained red nodule center and 

activity is increasing because the 
hypertrophied cells accumulated 
a red pigment, leghemoglobina 
indispensable process of 
nitrogen fixation. 

The morphological and 
tinctorial  of alfalfa nodule 
a) Phenophase of shoot: 
small number of nodule (12-20); 
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 shape: oval, elongated and 
sometimes branched into two or 
more directions; 
dimensions:  1,2 - 2,5 µm; 
color: white and rosacea. 
b) phenophase of flowering: 
high number of nodule 
Rhizobium (39-64)  
active nodule determine the 
maximum intensity of symbiosis; 
shape: rods; 
dimension:  
 - length: 13,5 – 19,1 µm,  
 - width:1,9 – 2,4 µm,  

 - length branches  2,5 – 2,8 µm; 
color: red, pink-red conferred by 
leghemoglobin.  

The phenophase of 
flowering alfalfa, both in 2010 
and in 2011 was the study alfalfa 
nodule. In May of 2010 were 
analyzed first alfalfa plants, 
highlighting the presence nodule 
the roots (Table 1). Bacteria 
belonging to the genus 
Rhizobium invade the roots of 
leguminous plants and induce 
the formation of nodule. 

Table 1 
Study of alfalfa nodule 2010 

 

In our experiences at 
each plant alfalfa were chosen 
nodule most representative and 
which showed red section, 
which confirms their 
effectiveness. Nodule were 
sterilized and incubated in 

culture media. After sowing, 
Petri dishes were numbered and 
were placed in incubation at 28 
0C for 7 days. After the seven 
days were analyzed in Petri 
dishes containing colonies of 
Rhizobium formats. The largest 

Variant no. 
nodule/pla
nt 

% the 
control 

Difference  Significan
ce 

Dunca
n Test 

V1- control 39 100 0 Mt. A 

V2 - 20 t/ha sludge 42 105,7 3 - AB 

V3 - 30 t/ha sludge 42 105,7 3 - AB 

V4 - 40 t/ha sludge 46 117,8 7 *** C 

V5 - 60 t/ha sludge 43 108,3 4 * B 

V6 – 20 t/ha manure 42 107,6 3 * AB 

V7 – 40 t/ha manure 41 105,1 2 - AB 

V8 – 60 t/ha manure 44 110,8 5 ** B 

DL(p5%)                                                                                                       2,72         DS   1,78-1,88                              
DL(p1%)                                                                                                       3,71                                      
DL(p0,1%)                                                                                                    5,00 
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number of nodule was recorded 
in variant treated with 40 t / ha 
city sludge with a total of 46 
nodule the plant (with a 
difference from the control 7 
nodule), and the opposite pole 

there are variant treated with 70 
t / ha manure which recorded a 
41 nodule number per plant 
(with a difference of 2 nodule 
witness).

Table 2 
Study of alfalfa nodule  2011 

Variant no. 
nodule/plant 

% the 
control 

Difference  Significance Duncan 
Test 

V1- control 53 100 0 Mt. A 

V2 - 20 t/ha sludge 62 117,5 9 ***      C 

V3 - 30 t/ha sludge 58 109,0 5 ***   B 

V4 - 40 t/ha sludge 64 120,4 11 ***      C 

V5 - 60 t/ha sludge 53 100,9 0 - A 

V6 – 20 t/ha manure 55 104,3 2 * A 

V7 – 40 t/ha manure 58 110,0 5 ***   B 

V8 – 60 t/ha manure 59 110,9 6 ***   B 

DL(p5%)                                                                                                      2,20                 DS 1,78-1,88 
DL(p1%)                                                                                                      3,00                                      
DL(p0,1%)                                                                                                   4,05 

 
The second analysis of bacteria 
in the nodule was performed in 
late May of 2011 (Table 2). Just 
as in the first year, remains 
superior variant treated with 40 
t / ha city sludge which has been 
a number of 64 nodule the plant 
(with a difference of 11 
compared to the control and 4 
nodule to variant fertilized with 
the same dose manure). The 
lowest number of nodule per 
plant was observed in the 

variant fertilized with 60 t / ha 
city sludge which recorded a 
total of 53 nodules (there were 
no any difference from the 
control).  Number of nodule 
observed in 2011 (values 
between 53-64 Rhizobium per 
plant) is higher than in 2010 
(values between 39-46 per 
plant), which leads us to suggest 
that the effect of city sludge on 
nodule bacteria is felt much 
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better in the second year of application. 
Table 3 

Size of alfalfa nodule  2010 
Variant Nodule 

size µm 
% the 
control 

Difference  Significance Duncan 
Test 

V1- control 13,5 100 0 Mt. A 

V2 - 20 t/ha sludge 16,3 121,5 2,8 *** E 

V3 - 30 t/ha sludge 16,9 125,2 3,4 *** F 

V4 - 40 t/ha sludge 19,1 141,5 5,6 *** H 

V5 - 60 t/ha sludge 17,8 131,9 4,3 *** G 

V6 – 20 t/ha manure 14,7 108,9 1,2 *** D 

V7 – 40 t/ha manure 14,1 104,1 0,6 *** C 

V8 – 60 t/ha manure 13,9 102,2 0,4 *** B 

DL(p5%)                                                                                                      0,12                   DS 0,13-0,14 
DL(p1%)                                                                                                      0,18                                      
DL(p0,1%)                                                                                                   0,28 

 
The flowering 

phenophase while counting 
nodule microscopic 
measurement was performed 
and their µm. Smears were 
viewed and photographed in 
digital Trinocular microscope.
 In 2010 the largest 
dimensions of nodule were 
observed in the variant treated 
with 40 t / ha city sludge (19.1 
μm) with a 5.6 μm difference  
 

 
from untreated control variant. 
The small size was found in the 
variant treated with 60 t / ha 
manure (13.9 μm) with a 
difference of 0.4 μm to version 
control.  
 Of statistically in all 
experimental variants were 
scored very significant. 
 Duncan Test indicate the 
most favourable option as 
alternative beings treated with 
40 t / ha city sludge. 

 
Table 4 

Size of alfalfa nodule  2011
Variant  Nodule 

size µm 
% the 
control 

Difference  Significance Duncan 
Test 

V1- control 13,4 100 0 Mt. A 

V2 - 20 t/ha sludge 16,9 126,1 3,5 *** F 
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V3 - 30 t/ha sludge 15,9 118,7 2,5 *** E 

V4 - 40 t/ha sludge 18,9 141,0 5,5 *** H 

V5 - 60 t/ha sludge 17,6 131,3 4,2 *** G 

V6 – 20 t/ha manure 15,2 113,4 1,8 *** D 

V7 – 40 t/ha manure 14,4 107,5 1,0 *** C 

V8 – 60 t/ha manure 14,2 106,0 0,8 *** B 

DL(p5%)                                                                                                      0,12        DS  0,13-0,14                          
DL(p1%)                                                                                                      0,18                                     
DL(p0,1%)                                                                                                   0,28 

 
The second measurement 

was performed Rhizobium size 
in 2011. As in 2010, the largest 
size of nodule was observed in 
the variant treated with 40 t / ha 
city sludge (18.9 μm) with a 
difference of 5.5 μm to version 
control. The small size was 
found in the variant treated with 
60 t / ha manure (13.9 μm) with 

a difference of 0.8 μm to version 
control.   
 The size of nodule 
observed in 2010 (values 
between 13.5 to 19.1 μm) and 
the size of nodule observed in 
2011 (values between 13.4 to 
18.9 μm) were not significant 
differences.   

 
CONCLUSIONS 
 
1. Nitrogen fixation by symbiotic 
bacteria of the genus Rhizobium 
sp. is inextricably linked to their 
adaptation to environmental 
conditions and applied 
technologies cultivated. 
2. First year experimental 
application of city sludge 
increases the activity of 
symbiotic nitrogen Rhizobium 
that the number of the plant. 
3. Manure application does not 
result in significant increases as 

bacteria even at the maximum 
dose of 60 t / ha manure. 
4. In 2011 the effect of 
fertilization with city sludge and 
manure is the same as in the first 
year, but the absolute number of 
nodule is higher than in the first 
year. 
5. Number of nodule increases 
with increasing amount of N 
fixed symbiotically value at 
fertilization and in the sludge 
with manure. 
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6. Not find changes in shape and 
size of nodule at fertilization 
with sludge and manure. 
7. Data on microbiological 
activity in the experimental field 
of the sting, about the evolution 
of key indicators of soil 
microbiological and those of 

alfalfa productivity in various 
conditions of fertilization shows 
that replacing manures with city 
sludge arising from wastewater 
treatment of municipal 
wastewater is a solution worthy 
of consideration that can be 
justified and economically. 
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