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INTRODUCTION

Tannery sludge (TS), a waste generated 
by tannery industries, contains high content of 
organic matter and chemical elements that could 
be used for agriculture as soil conditioners as an 
alternative method for improving soil properties 
(SHARMA et al., 2017). Although, TS could be 
suggested for applying in agricultural soils, its high 
content of chromium (Cr) can accumulate in soil 
and pollute the environment. Therefore, a previous 
treatment of TS could be necessary before its use 
in soil. As an alternative and suitable method, 
composting has been used as a pre-treating method 

of TS before its application in the soil since this 
biological process could decrease the content of 
Cr, through the microbial metabolism, and also 
improve the quality of the waste and consequently 
of soil (SOUSA et al., 2017). Indeed, application 
of composted tannery sludge (CTS) may contribute 
for improving the content of organic matter and 
soil fertility (ARAÚJO et al., 2013). Also, CTS has 
positively influenced the growth and yield of crops 
(SOUSA et al., 2017). However, applications of 
CTS have negatively increased Cr accumulation in 
soil (ARAÚJO et al., 2013). 

Accumulation of Cr in soil can cause 
damage to both rhizobia and legumes, and also their 

1Centro de Ciências Agrárias, Universidade Federal do Piauí (UFPI), 64049-550, Teresina, PI, Brasil. E-mail: asfaruaj@yahoo.com.br. 
*Corresponding author.
2Departamento de Tecnologia, Universidade Estadual Paulista (UNESP), Jaboticabal, SP, Brasil.
3Universidade Brasil (UB), Descalvado, SP, Brasil.
4Instituto Agronómico de Pernambuco (IPA), Recife, PE, Brasil.

ABSTRACT: This study evaluated the responses of lima bean (Phaseolus lunatus L.) to application of composted tannery sludge on nodulation, 
N uptake and plant growth. For eight years, the compost was applied at rates of: 0, 2.5, 5, 10, and 20 Mg ha-1 (dry basis). Plants of lima 
bean showed higher nodulation in treatments with compost; however, nodules reported in these treatments presented lower biomass, size and 
diversity than those reported in treatment without compost. Accumulation of N increased with the application of the highest rate (20 Mg ha-1), 
while there was an increase in chromium content in shoot with the increase in compost rates. Thus, the use of composted tannery sludge, in 
long-term, increases the accumulation of chromium in plants, increasing nodulation, while decrease rhizobia diversity in nodules. 
Key words: chromium, industrial waste, Phaseolus lunatus, biological N fixation.

RESUMO: Este estudo avaliou a resposta do feijão-fava (Phaseolus lunatus L.) a aplicação de lodo de curtume compostado na nodulação, 
absorção de N e crescimento. Durante oito anos, o composto foi aplicado em doses de: 0, 2.5, 5, 10, e 20 Mg ha-1 (base seca). As plantas de 
feijão-fava mostraram maior nodulação nos tratamentos com o composto. Entretanto, os nódulos encontrados nestes tratamentos apresentaram 
menor biomassa, tamanho e diversidade do que os observados no tratamento sem composto. A acumulação de N aumentou com a aplicação 
da maior dose do composto (20 Mg ha-1), enquanto que houve um aumento nos teores de crômio na parte aérea com o aumento das doses do 
composto. Desta forma, o uso do lodo de curtume compostado, em longo prazo, aumenta a acumulação de crômio, aumentando a nodulação, 
enquanto diminui a diversidade de rizóbios nos nódulos. 
Palavras-chave: cromio, resíduo indutrial, Phaseolus lunatus, fixação biológica do N.
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symbiosis. Therefore, the use of CTS, in long-term, 
increasing the Cr content in soil could affect the 
rhizobia-legumes symbiosis, known as biological N 
fixation (BNF). This process is carried out by rhizobia 
in the rhizosphere and contributes for the availability 
of N to legume plants. This process occurs in root 
nodules, being the nodulation a suitable indicator 
of efficient BNF (PEOPLES et al., 1989) and also 
there is a significant correlation between nodulation 
and efficiency of N fixation in legumes (DELIC et 
al., 2010). Also, nodulation and BNF are important 
parameters for evaluating toxic effects of pollutants 
(MIRANDA et al., 2014). 

Although, CTS has favored the plant 
growth and improved soil fertility, the effect of 
permanent application of CTS and the increased 
Cr accumulation in soil on nodulation and BNF are 
not clear. In short-term, MIRANDA et al. (2014) 
reported that nodulation and BNF in cowpea were 
not negatively affected by CTS and Cr accumulation 
in soil. However, it remains unclear how would be 
the responses of others legume to application of 
CTS, mainly in long-term, on nodulation and BNF. 
Therefore, the lima bean (Phaseolus lunatus L.), a 
legume plant highly resistant to adverse condition, 
was used for evaluating the effect of CTS, after eight 
years of application, on nodulation and BNF. This 
study aimed to evaluate the nodulation and N fixation 
in lima bean as response to application of CTS.  

MATERIALS   AND   METHODS

The study was conducted in a greenhouse 
located at Agricultural Science Center of Federal 
University of Piaui, Brazil (05º 05’ S; 42º 48’ W, 
75 m). Soil samples used in this experiment were 
collected, at 0-20 cm depth, from a long-term 
experimental field with application of CTS (0, 2.5, 
5, 10, and 20 Mg ha-1; dry basis) for eight years. 
The detailed description of this long-term study and 
also the chemical properties of CTS can be found in 
SOUSA et al. (2017). 

For this study, pots (2.8 L) were filled with 
soil collected from the experimental plots with CTS. 
The experiment design was completely randomized 
with four replicates. The chemical properties of soil 
were determined according to DONAGEMA et al. 
(2011). Soil Cr was extracted by the DTPA-TEA 
method and measured using the USEPA-3050 method 
(USEPA, 1996). Briefly, 1 g of soil (dry weight) 
was digested with repeated additions of nitric acid 
(HNO3) and hydrogen peroxide (H2O2). The resultant 
solution was reduced in volume, while heating and 

then diluted to a final volume of 100 mL. Extracts 
were analyzed by using inductively coupled plasma 
mass spectrometry (ICP-MS).

Seeds of lima bean were superficially 
disinfested with alcohol (70% for 30 s) and sodium 
hypochlorite (2% for 5 min). Afterward, the seeds 
were successively washed with sterilized water. 
Five seeds were sowed per pot and, after seven 
days from germination, two plants were left in 
each pot. A N-free nutritive solution was used for 
the irrigation of plants during the experiment in the 
rate of 2 mL kg-1 soil. 

Nodules and plant measurements were 
done 45 days after plant emergence (plant flowering). 
Nodules and plant shoots were dried (65 °C; 72 h) 
and weighed to determine both the nodules (NDW) 
and shoot dry weight (SDW). Nodules were counted 
and their sizes were estimated by using the ratio 
between nodule dry weight and number (TEIXEIRA 
et al., 2006). Total N content in shoot was estimated 
by Kjedahl method (DONAGEMA et al., 2011). The 
accumulation of N (AcN) in shoot was estimated by 
the SDW and total N content (KEENEY & NELSON, 
1982). Chromium content in shoot was estimated 
according to the method described in USEPA-3050 
(USEPA, 1996).

Three nodules in each pot were sampled 
for obtaining bacterial isolates. For that, nodules 
were sterilized with sodium hypochlorite (0.1%; 
w/v for 5 min) and ethanol (95%; v/v for 10 s), being 
washed with distilled water. Afterward, the nodules 
were streaked on a medium (yeast-extract mannitol 
agar) containing 0.0025% (w/v) of Congo red. After 
fifteen days, single colonies were selected and re-
streaked on the same medium for purification. The 
morphological and physiological characteristics 
(MELLONI et al., 2006) of each isolate were used 
for calculating the diversity of rhizobia isolates by 
the Shannon index. It was calculated according to 
the following way:
H’=−∑pilnpi

where piis the proportion of isolates 
presenting the characteristics i. The proportion was 
estimated as pi = ni/N, where ni is the number of 
isolates presenting the characteristics i and N is the 
total number of isolates.

The data were submitted to analysis of 
variance (ANOVA), proceeded by F test (P<0.05) by 
using Assistat 7.6 beta. Spearman’s rank correlation 
coefficients were calculated to explore the relationship 
between biological variables and environmental 
factors according to the different treatments using the 
‘multitest’ package in R.
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RESULTS   AND   DISCUSSION

Application of composted tannery sludge 
changed the chemical properties of the soil (Table 1). 
The values of soil pH, TOC, P and Ca increased 1.5, 
2.2, 5.2 and 13.3 units from 0 to 20 Mg ha-1 CTS, 
respectively. Markedly, the values of Cr increased 
150.1 units from the untreated soil (0 Mg ha-1) to the 
highest CTS rate (20 Mg ha-1). 

The composition of composted tannery 
sludge shows high concentrations of organic C, P, 
Ca, and Cr (SOUSA et al., 2017) and; consequently, 
the permanent application of this waste increases 
the values of pH, TOC, P, Ca and Cr in soil. 
Positively, the increase in the content of organic 
C, P and Ca is important for soil fertility and plant 
growth. However, the increase of soil pH can bring 
negative consequences on the availability of some 
plant nutrients. Another important concern is about 
the increase in Cr content, mainly at the highest CTS 
rates, since this metal can, negatively, influence the 
nodulation and plant growth (STAMBULSKA et 
al., 2018).

The plants showed highest number of 
nodules in treatments with 10 and 20 Mg ha-1 CTS 
(Figure 1a). However, nodules reported in plants 
under the application of CTS presented the lowest 
dry weight (Figure 1b) and size (Figure 1c) as 
compared with the treatment without CTS. Also, the 
diversity rhizobia isolates, estimated by Shannon 
index, decreased in treatments with 10 and 20 Mg 
ha-1 CTS (Figure 1d). 

Application of composted tannery sludge 
increased the number of nodule in lima bean. 
However; although, soils with the application of CTS 
stimulated the nodulation, the nodules reported in 
CTS-treated soils were smallest and with a reduced 
diversity than the untreated soil. Conversely, the 
stimulation of nodulation may have occurred, 

probably, due to the presence of bacteria in the 
compost that may have increased the infection in the 
roots. Indeed, DANON et al. (2008) have reported a 
bacterial community colonizing the organic compost 
with high abundance of Proteobacteria. According to 
BOMFETI et al. (2011), bacteria from the group of 
Proteobacteria are able to form nodules on legume 
plants. Conversely, the chromium content increased 
in soil with application of CTS and it may have 
resulted in fewer bacterial colonization and smaller 
size of nodules. 

The presence of many small nodules 
reported in treatments with CTS could reduce the 
efficiency of BNF due to adverse conditions to 
rhizobia. Also, the presence of Cr can inhibit the 
activity of nitrogenase in nodules decreasing the 
intensity of N fixation (STAMBULSKA et al., 
2018). Nodules reported in the treatments with 
CTS presented lowest Sahnnon’s index suggesting 
some negative effect on the morphological and 
physiological characteristics of rhizobia. Thus, the 
application of CTS could, probably, contributed 
to select adapted rhizobia to adverse conditions 
promoted by the waste. Indeed, the evaluation of 
morphological and physiological characteristics of 
rhizobia isolates showed that the diversity of rhizobia 
decreased from treatments without CTS (0 Mg ha-1) 
to the highest CTS rate (10 and 20 Mg ha-1); i.e., the 
application of CTS, at the highest rates, contributed 
for increasing the uniformity of morphological and 
physiological characteristics of isolates, so decreasing 
their diversity. 

Although, plants under the highest 
CTS rates (20 Mg ha-1) have presented the lowest 
nodule biomass and size, they accumulated more N 
(Figure 2a) and shoot biomass (Figure 2b) than the 
plants without CTS. Also, the application of CTS 
contributed for increasing Cr content in shoot with the 
increased CTS rates (Figure 2c). Application of CTS, 

Table 1 - Chemical properties of the soil after eight years of consecutive application of composted tannery sludge (CTS). 
 

CTS (Mg ha-1) pH EC TOC P K Ca Mg Na Cr 

 
CaCl2 dS m-1 g kg-1 mg dm-3 ------------------mmolcdm-3---------------- mg kg-1 

0 5.1d 0.5a 4.9d 4.3d 1.9a 12.5d 5.0b 4.4a 5.8e 
2.5 5.4d 0.5a 5.7c 5.0c 1.8a 17.0c 5.8b 4.9a 27.2d 
5 5.8c 0.5a 6.8b 6.0b 1.9a 22.8b 7.0a 4.9a 58.0c 
10 6.2b 0.6a 6.6b 7.8b 1.9a 23.5b 7.5a 4.6a 96.6b 
20 6.6a 0.6a 7.1a 9.5a 1.8a 25.8a 7.0a 4.9a 165.9a 

 
EC – electric conductivity; TOC – total organic carbon. 
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mainly in the highest rate (20 Mg ha-1), contributed 
for increasing the accumulation of N and it could 
be explained by the high content of organic matter 
reported in CTS-treated soils (Table 1) that may have 
contributed with N to plants. These results agreed with 
MIRANDA et al. (2014) that observed an increase 
on soil organic matter content, after application of 
composted tannery sludge, and; consequently, higher 
N availability to cowpea plants. Conversely, the N 
accumulated in plants from soil without CTS may be 
resulting of nitrogen fixation by native rhizobia since 
this soil does not present high organic matter content. 
This high accumulation of N presented by plants in 
the treatments with CTS, mainly at the highest rate 
(20 Mg ha-1), contributed to the differences in the 
shoot biomass of lima bean when compared to the 
treatment without CTS. Also, these results suggested 
that CTS promoted an increase in plant growth due to 
the availability of plant nutrients in the soil. Similar 
results were observed by MIRANDA et al. (2014) 
and SILVA et al. (2010) evaluating the effect of 
composted tannery sludge on the growth of cowpea 
and pepper, respectively.

The increase in Cr content in plants with 
the increasing of CTS rates reflects the pattern of Cr 
accumulation in soil after successive applications of 
CTS in long-term. Moreover, results indicated that 
there is a direct absorption of this element by lima bean 
similarly with the response cowpea and maize to CTS in 
a previous study (SOUSA et al.,  2017). Also, LOPEZ-
LUNA et al. (2012) have shown an accumulation of 
Cr in the shoot of common bean with the application 
of tannery sludge. In general, Cr uptake by the plants 
accumulates in the roots and forms barriers that 
diminish their translocation to the shoot (MOREIRA 
et al., 2013). The biological N fixation, being a process 
carried out at the root level, can be influenced by the 
excessive presence of Cr due to the alteration of the 
biochemical processes of the microorganisms and direct 
toxicity on Bradyrizobium (HUNGRIA & VARGAS, 
2000) and rhizobia symbiosis (STAMBULSKA et al., 
2018). However, some metals play important functions 
during the establishment of BNF, such as Fe, Cu, Zn 
and Ni (GONZÁLEZ-GUERRERO et al., 2014), 
while Cr has presented negative effects on nodulation 
and BNF (STAMBULSKA et al., 2018).

Figure 1 - Effect of composted tannery sludge (CTS) rates on nodule number (A), nodule dry weight 
(B), nodule size (C) and Shannon´s diversity index (SDI) of rhizobia isolates in Lima bean 
grown in CTS-treated soils. T1= 0 Mg ha-1 CTS; T2 = 2.5 Mg ha-1 CTS; T3= 5.0 Mg ha-1 
CTS; T4=10 Mg ha-1 CTS; and T5 = 20 Mg ha-1 CTS. 
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The analysis of Spearman’s correlation 
(R) showed that the accumulation of Cr in shoot was 
positively correlated with chemical properties of 
soil, mainly soil Cr and pH (Table 2). On contrary, 
the diversity of rhizobia isolates showed a significant 
negative correlation with CTS rates, Cr and pH in 

soil. Results from the Spearman’s correlation showed 
a significant negative effect of CTS, pH and, also 
Cr content in soil, on the diversity of rhizobia. This 
can be explained by the negative effect that these 
factors exert on the diversity of rhizobia, especially 
in tropical soils (HUNGRIA & VARGAS, 2000). 

Figure 2 - Effect of composted tannery sludge (CTS) rates on 
accumulation of nitrogen(AcN), shoot dry weight 
(SDW) and content of chromium (Cr-P) in Lima bean 
grown in CTS-treated soils. T1= 0 Mg ha-1 CTS; T2 = 
2.5 Mg ha-1 CTS; T3= 5.0 Mg ha-1 CTS; T4=10 Mg 
ha-1 CTS; and T5 = 20 Mg ha-1 CTS.
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Also, these factors may act on the rhizobia and their 
host affecting symbiosis, since abiotic factors such 
as pH and metals, such as Cr, quantitatively and 
qualitatively alter the rhizobia population in the soil 
(STAMBULSKA et al., 2018). 

CONCLUSION

The use of composted tannery sludge 
increases the accumulation of Cr in plants, increasing 
nodulation, while decrease rhizobia diversity in 
nodules. Positively, application of composted tannery 
sludge increases the accumulation of N and growth 
of lima bean, while that, negatively, there was an 
increase in the content of Cr in the plants.
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