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A burgeoning world population means a greater demand for food and agricultural products. 
Unfortunately, the concurrent progress in applied science and technology can also result in dangers for 
agricultural land. One such danger is the increase in types and amounts of heavy metals in the soil, 
which affect the plant growth. Accumulation of heavy metals like Cd, Ni, Cu, Fe etc. results in ecosystem 
disturbance, agricultural land spoiling, and biodiversity problems. Heavy metal stress results in the 
synthesis of 1-aminocyclopropane-1-carboxalate (ACC), an ethylene precursor, which raises ethylene 
levels in plants, which inhibits plant growth. This is severe problem for plants, but nature here provides a 
solution. Agricultural lands have a large number of microorganisms specially bacteria. Bacteria such as 
Rhizobacteria produce an enzyme ACC deaminase (ACCD) that converts ACC into ammonia and α-
ketobutyrate thus reducing the amount of ACC and lowering the ethylene levels.  
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INTRODUCTION 

Heavy metals are those having atomic 
number greater than 20 and metallic 
characteristics. The most prominent are Zn, Cr, 
Hg, Cd, Cu and Pb. Heavy metals are the major 

contaminants in soils. Mostly human activities 
contribute to the spread heavy metals, which are 
a danger for environments. The spreading of 
sewage sludge containing heavy metals in the 
soils contaminates ecosystems (Gaur and 
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Adholeya 2004). Many species of plants absorb 
contaminants like Pb, Cd, Cr, As and some radio 
nucleotides from soils (Iqbal et al. 2017). Phyto 
extraction process uses plants to remove heavy 
metals because of their ability to uptake essential 
metals like Fe, Mn, Zn, Cu, Mg and Ni but some 
non-essential metals can be accumulated (Cho-
Ruk et al. 2006). They affect plant growth, ground 
cover and have negative effects on plant micro 
flora (Mohan & Pittman 2007). Studies revealed 
that heavy metals inhibit the growth of plant roots 
(Kopyra & Gwóźdź 2003). Heavy metal 
contaminated soils do not allow plants to 
accumulate sufficient biomass for effective 
remediation by Glick et al. (2014). So, a problem 
arises where in plant growth inhibition stifles 
successful phytoremediation (Arshad et al. 2007). 
Several studies showed that metal toxicity results 
in elevated ethylene levels (Muller and Munne-
Bosch, 2015). According to an experiment by 
Muller and Munne, the addition of toxic levels of 
zinc metal in a plant increases ethylene levels, 
because heavy metals toxicity results in the 
induction of ACC (1-aminocyclopropane-1-
carboxalate), which is an ethylene precursor 
(Shabala and Munns, 2012;  Acosta-Motos et al. 
2017). By nature, some plant growth promoting 
Rhizobacteria can produce enzyme 1-
aminocyclopropane-1-carboxalate deaminase 
(ACCD) (Paul and Lade, 2014), which is capable 
of converting ACC to ammonia and α-ketobutyrate 
and thus influence the ethylene levels in plants 
(Glick,2005). During abiotic or biotic stress, the 
quantity of ACC deaminase rises, the amount of 
ACC in the plant decreases in the associated 
bacterium (Dubois et al. 2018). When the growth-
promoting bacteria that secret both IAA (indole 3-
acetic acid) and ACCD are present in heavy metal 
contaminated soil, plant ethylene levels do not 
elevate (Bharti et al. 2013). If ACCD containing 
bacteria are present, there is much less ethylene 
production, so IAA signal transduction can be 
continued thus promoting plant growth (Dubois et 
al. 2018). Some bacteria like Varvarox paradoxes, 
Rhodococcus sp. and Flavobacterium species 
have resistance to many heavy metals because of 
ACCD in these bacteria as studied by Belimov et 
al. (2009); Shrivastava & Kumar, (2015).  

Heavy metals affecting soil 
Heavy metals are released into the soil and 

environment as a result of many industrial, 
agricultural, and chemical practices, with 
devastating effect for soil, water and air. Metals 
having weight greater than 5g/cm3 are heavy 

metals and they are categorized in three classes 
(Gouda et al. 2018), precious metals (Au, Pd, Ru 
etc), radio Nuclides (Am, U, Ra etc) and toxic 
metals like Cu, Sn, Cr, Cd, Ni etc by 
(Rajaganapathy et al. 2011). Presence of metals 
in fertilizers, insecticides, industry, sewage, 
sludge, energy and fuel production, mining, 
agriculture, metallurgy, electric appliance 
manufacturing, metal surface treatment (Turan et 
al. 2017), aerospace and atomic energy 
installation and military operations are directly and 
indirectly involved in the accumulation of heavy 
metals in soil and environment by Grobelak et al. 
(2018), which have hazardous effects on 
ecological and human health described by Kotrba 
et al. (2009). Heavy metal stress and toxicity are 
of great concern for environmentalists because it 
is difficult to discard and eliminate them from the 
environment (Nagargade et al. 2018). They 
cannot be degraded by using the traditional ways 
that we use for other pollutants, so their effects 
last longer (Wasi et al. 2013). 

Another problem is that heavy metals can be 
toxic at very low concentrations of 0.0001-0.1 
mg/L and some metals can also be transformed 
into high toxic level under special environmental 
conditions (January, 2006). Some agriculture 
activities such as applications of agrochemicals 
and use of sewage sludge in agriculture soils are 
also responsible for accumulation of heavy metals 
in soil by (Rajaganapathy et al. 2011). This heavy 
metal toxicity affects plants in many ways 
(Bhattacharyya and Jha, 2012). Cadmium is a 
highly toxic metal and acts as pollutant in soil. It 
inhibits growth of root and shoot, and hinders 
nutrient uptake and plant homeostasis. It can 
enter the food chain and directly affect human and 
animal health (Shameer and Prasad, 2018; 
Benavides et al. 2005). Others have noticed that 
some heavy metals are also essential for plants to 
carry on their metabolic activities but in very low 
concentrations (Wenzel et al. 2001; 
Egamberdieva and Lugtenberg, 2014). For 
example, Zn is a co-factor for many enzymes 
(dehydrogenases, proteinases, peptidases, 
oxidases). Copper (Cu) has a role in 
photosynthesis, respiration, carbohydrate 
distribution, cell wall metabolism and seed 
production in plants, but required in low 
concentrations (Nadeem et al. 2014). Elevated 
levels of all these heavy metals negatively affect 
microbial flora such as PGPB (plant growth 
promoting bacteria) (Wani et al. 2008; Ahemad 
and Kibret 2014). 
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Role of Bacteria in plants/crops under heavy 
metal and other stresses 

To overcome heavy metal stress in plants, an 
important management strategy used provides 
plants with associated plant growth-promoting 
bacteria usually rhizobacteria, which is also an 
important component of phytoremediation 
technology (Glick, 2003). It has been observed 
and then proved that rhizosphere large microbial 
flora is present as compared to other soil part. 
Bacteria population slow down and reduce heavy 
metal stress by affecting the mobility of heavy 
metals; reducing their availability to plants by 
releasing chelating agents; causing acidification, 
phosphate solubilization, and redox changes; and 
thus the metals remain tied in these processes 
and their negative effects on plants by (Saikia et 
al. 2018). Plant growth promoting bacteria 
associated with roots have other beneficial effects 
on plants like providing nutrition by producing 
nitrogen, phytohormones and transformation of 
nutrients when they are applied into the soil 
(Sugawara et al. 2010). 

Soil bacteria have significant roles in 
recycling, reusing of plant nutrients, maintaining 
soil structure, detoxifying poisonous chemicals 
and controlling plant pests  (Elsgaard et al. 2001). 
Plants and bacteria have the potential to form 
specific associations that result in the transfer 
carbon from a specific source within the plant to 
bacteria, which induces the bacteria to lessen the 
toxicity of affected/contaminated soil (Turan et al. 
2017).  Other plant-bacteria associations stimulate 
bacteria to degrade contaminants in the soil 
through different metabolic activities. According to 
Shameer and Prasad, 2018 there is a damaging 
effect on microbial flora in the presence of toxic 
heavy metals in the soil, but microorganisms have 
ability to overcome these effects (Stearns et al. 
2012). 

Bacteria closely associated with roots of 
plants are called plant growth promoting 
rhizobacteria (PGPR) because they are attached 
to rhizosphere reported by Glick, (1995). PGPR 
include a large and diverse group of soil living 
bacteria which has beneficial effects on host plant 
growth and can mitigate toxic effects of heavy 
metals in contaminated soils as stated by Belimov 
et al. (2004) in Table 1. Heavy metals in high 
amounts can be harmful for metal tolerant plants, 
for example iron deficiency in different plants due 
to heavy metal (Turan et al. 2017).  To address 
this, bacterial iron-siderophore complexes may be 
taken up by plants, functioning as an iron supply 
for the plants (Shameer and Prasad, 2018). 

Bacteria play a vital role in plant growth and 
development in these ways and in overcoming 
different stresses in plants (Stearns et al. 2012). 

Role of ACC deaminase  
Plant ethylene levels are reduced by bacteria 

that produce ACC deaminase thus promoting 
plant growth, because high levels of ACC can 
lead to plant death or growth inhibition. Acosta-
Motos et al. 2017 suggests that ACC-deaminase 
producing PGPB usually bind to the surface of 
seeds or roots but they also may be present on 
leaves, flowers, or within internal tissues of plants. 
Plants discharge a large amount of 
photosynthetically fixed carbon (estimated range 
of 5-30%) through their roots. Root discharge 
generally consists of large amounts of sugars, 
organic acids and amino acids (Abeles et al. 
2012). These compounds can be the food source 
for bacteria, that’s why the number of bacteria 
around the root of plant (rhizosphere) is 10-1000 
times higher than in the surrounding soil (Yang et 
al. 2009). In reaction to the presence of 
tryptophan and other small molecules in the root 
discharge, the accompanying bacteria 
manufacture and release a photo hormone known 
as indole-3-3 acetic acid (IAA) by (Zahir et al. 
2009). Some IAA is taken up by plants. This IAA 
and internally present natural IAA collectively 
affect plants by causing induction of cell 
proliferation, plant cell elongation, and induction of 
synthesis of ACC synthase, which can catalyze 
production of ACC (Abeles et al. 2012). IAA 
stimulates the production of ethylene in plants. 
Sometimes IAA acts to loosen plant cell walls 
thereby facilitating cell elongation and 
consequently increasing root discharge. Some 
ACC is also discharged by seeds, roots or leaves 
(Penrose et al. 2001). Bacteria associated with 
these tissues may take it and then cleave it by 
ACC deaminase (Penrose & Glick 2003). By 
lowering the amount of IAA induced ACC and 
endogenous ACC, plant ethylene level also 
reduces, so ACC deaminase produced by plant 
growth promoting bacteria reduce inhibition of 
plant growth by ethylene (Stearns et al. 2012). As 
a result, the plants which have associated ACC- 
deaminase-containing plant growth promoting 
bacteria have longer roots and shoots and are 
more resistant to different stresses. Presence of 
ACC-deaminase makes bacterial IAA able to 
promote plant growth and ACC synthase 
transcription at a same time by lowering ethylene 
levels and ethylene feedback inhibition of IAA 
signal transduction (Zahir et al. 2009). 
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Role of Ethylene in Plants 
Plant development involves the timely birth 

and death of different parts like shoots, roots, 
buds, leaves, and flowers. Many other factors are 
also responsible for the developmental pattern in 
plants. Ethylene “a plant hormone” plays a central 
role in the co-ordination of the growth of different 
parts of plants by Ali et al. (2012). 

Ethylene is in the gaseous form and an 
important growth factor that is involved in many 
developmental, cellular and stress related 
activities in plants, for instance inhibition of cell 
division, synthesis of DNA and growth in the 
meristems of roots, shoots and auxiliary buds with 
promoting RNA synthesis (Tang et al. 2003). If the 
ethylene is removed, the apical dominance is 
often broken or inhibited because the polar auxin 
transport is prevented the gas irreversibly, so the 
shoot’s auxin content is removed just as the apex 
is removed. Ethylene usually inhibits the cell 
expansion for 15 minutes but also try to delay 
differentiation allowing the earlier expanded cells 
to grow to huge sizes by Ali et al. (2014). It is also 
involved in stress responses and inhibits roots 
elongation, nodulation, and auxin transport, 
speeds aging and also promotes senescence and 
abscission (Arshad et al. 1990). Ethylene and 
auxin both regulate lateral root initiation and 
secretion of resins and gums (Prayitno et al. 
2006). However, there is difference between 
ethylene responses due to the increased 
concentration of ethylene in plants and the 
increase sensitivity of plants to ethylene, but all 
the mechanisms involved in these processes are 
still not fully understood. It is also involved in floral 
induction, sex determination and leaf abscission 
(Tang et al. 2003). 

Indirect Mechanism of ACC Deaminase 
Plant growth promoting bacteria act as bio 

control agents against phytopathogens and thus 
they also stimulate the growth of plants by a 
variety of mechanisms that include reduction of 
iron from rhizosphere, induced systemic 
resistance, antibiotic production and production of 
enzymes (Zhang et al. 2008). The mechanism 
involves the production of one or more antibiotics. 
Some bio control bacteria synthesized low 
molecular mass siderophores and they bind to the 
majority of the iron in the rhizosphere, inhibiting 
plant development (Zhao et al. 2003) and 
upsetting the proliferation of fungal pathogens in 
the surrounding area of the host plant root due to 
the deficiency of the iron (Castignetti & Smarrelli 
1986; Morris et al. 1992). Some enzymes like 

chitinase, beta1,3-glucanase, protease, or lipase 
are also synthesized by the biocontrol plant 
growth promoting bacteria that participate in the 
lysis of fungal cells (Timmusk et al. 2011). In the 
same way the defense response of the stressed 
plants also includes the production of  proteins 
like chitinase, beta1, 3-glucanase, protease and 
lipase in response to pathogen-induced stress by 
van Loon et al. (2006). While other biocontrol 
bacteria prevent the pathogens from binding to 
and infecting the plants by Zhao et al. (2003). In 
addition to these techniques, several plants that 
promote bacteria can develop long-term 
resistance to a number of diseases (van Loon et 
al. 2006). 

Direct mechanism 
Plant growth-promoting bacteria can help 

plants in a variety of ways to promote growth. First 
one bacterium species fixes the N2 (nitrogen) from 
the soil and provides it to the plants (Timmusk et 
al. 2011). Other species synthesize the 
siderophores that take iron from the soil and 
transfer it to plants; plants take this iron in the 
form of siderophore-iron complex. Other functions 
include the production of phytohormones like 
cytokines, auxins and gibberellins and help plants 
in the uptake of minerals from the soil (Morris et 
al. 1992). These plant growths promoting bacteria 
synthesize an enzyme called enzyme 1 
aminocyclopropane-1-carboxylate (ACC) 
deaminase and this is the enzyme that is involved 
in lowering the level of ethylene in plants by 
Chandra et al. (2011). Bacteria can promote the 
plant growth by using any direct mechanism. Plant 
growth promoting bacteria have different features 
and properties that affect plants at different parts 
of their life cycle. These bacteria do not interfere 
in plant activities if the plant is grown under 
optimal and stress-free conditions. There are 
many plant growth promoting bacteria that contain 
an enzyme called ACC deaminase (Wei et al. 
2018) Furthermore, this enzyme helps in the 
reduction of ethylene levels in plants. 

Promotion of growth in plants by ACC 
deaminase containing PGPR 

ACC deaminase bacteria play a very 
important role in the growth of plants. The ACC 
deaminase bacteria first binds to the seeds or 
roots surface, while some endophytic bacteria are 
also found inside the roots of plants (Duan et al. 
2013). Then the bacteria synthesize indole acetic 
acid (IAA) in response to root exudates that 
includes an amino acid called tryptophan stated 
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by Wang et al. (2013). The plant cells join this IAA 
that is synthesized by the bacteria with the 
endogenous plant IAA that then involved in the 
cell proliferation and elongation as well as also 
induces the synthesis of enzyme ACCC synthase 
(Uchiumi et al. 2004). In the next step some of 
ACC is absorbed and taken up by the ACC 
deaminase bacteria. Then this ACC is converted 
into ammonia (NH3) and α-ketobutyrate and finally 
these both are metabolized by the bacteria (Wang 
et al. 2000). The interaction of ACC deaminase 
containing bacteria with the plants increases the 
plant root and shoots length, which also boosts 
biomass and protects plants from the inhibitory 
effects of ethylene, which is produced in response 
to a number of biotic and abiotic stressors (Moura 
et al. 2010). Much research has focused on 
increasing the ability of plants to grow in stress 
conditions. Here are examples of several plants 
that have been treated with ACC deaminase 
producing rhizobacteria in order to promote 
growth.  

Tomato plant 
According to Ali et al. 2012 stated as tomato 

plants were transformed with bacterial gene 
encoding an enzyme 1-aminocyclopropane-1-
carboxylic acid (ACC) deaminase. In this field 
experiment, the ability of the transgenic tomato 
plants to grow in the presence of heavy metals 
(cadmium, cobalt, copper, magnesium, nickel and 
zinc) and to assemble these metals was 
compared with non- transgenic plants. The ability 
of ACC deaminase in both plant shoots and roots 
was investigated and the metal concentration as 
studied by Glick et al. (2014). It was remarkably 
found that the genetically engineered plants 
expressing ACC deaminase assimilated a greater 
amount of metal within the plant tissues, and 
these plants were also found to be less subjected 
to the deleterious effects of the metals on plant 
growth than were non-transgenic plants (Belimov 
et al. 2009). 

Maize plant 
A research test was conducted in 2006 by a 

team at the Institute of Soil and Environmental 
Sciences, University of Agriculture Faisalabad, 
Pakistan, in order to test the idea that bacterial 
strains with ACC deaminase activity may boost 
plant development and increase nodulation in 
legumes. In this research the maize seedlings 
were inoculated with ACC deaminase containing 
PGPR (Chandra et al. 2011). After that the 
enhancement of growth in maize plant under 

axenic conditions was observed. In addition, the in 
vitro ACC deaminase activity was also screened. 
The experimental results indicated that the 
inoculated maize plant didn’t produce auxins 
(Ilangumaran et al. 2017). They also observed 
significant effects on root elongation, shoot length 
and on seedling growth (Wei et al. 2018). The pot 
experiment results revealed that co-inoculation 
with Brady rhizobium and PGPR isolates boosted 
the nodulation. Therefore, it was concluded that 
not only the root and shoot growth but the 
nodulation was also provoked with PGPR by 
Wang et al. (2013). 

Pepper plant 
There are number of environmental factors 

that are responsible for retarding growth of plants. 
These include flooding, salt, heavy metals, and 
many phytopathogens. Many trials have been 
done to plants in order to make plants resistant to 
the deleterious effects of these environmental 
conditions (Duan et al. 2013). Only few studies on 
pepper and tomato plants sought to confer 
resistance to water stress. In this study, the 
bacteria having the ACC deaminase activity was 
isolated from soil samples. Pepper and tomato 
plants were inoculated with one of the isolated 
strains (Achromobacter piechaudii ARV8), which 
is also reported to confer resistance to salt stress 
in both tomato and pepper plants. This treatment 
significantly increased the fresh and dry weights 
of both plant tomato and pepper seedlings 
exposed to temporary water stress. The bacterium 
also reduced the ethylene production in tomato 
saplings, following water pressure. In combination 
with A. piechaudii ARV8 strain, another strain 
Pseudomonas putida GR12-2 was also inoculated 
in both plants. After 7 weeks, the fresh and dry 
weights and growth for both plants were recorded 
and there was also seen a difference between two 
the two-plant species. Tomato plants had a higher 
ratio of treated/non-treated bacteria than pepper 
plants by Mayak et al. (2004a; 2004b). 

Canola Plant 
Agricultural land salinity is a serious issue. 

Canola is an important crop that grows in a region 
where there is high salinity, therefore the crop 
yield aches from such salinity. Again, in order to 
give resistance to harmful effects of excessive 
salinity, the plant growth promoting rhizobacteria 
(PGPR) might be a solution. It is a diverse class 
that contains many bacterial species that promote 
growth of plants by various mechanisms. 
According to Nadeem et al. (2014) characterized 

https://www.frontiersin.org/articles/10.3389/fmicb.2019.01506/full#B27
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many species of PGPR in the rhizosphere of salt-
stressed Canola. They isolated 105 species, of 
which only 15 species were those in the 

rhizosphere of salt-stressed Canola that may use 
ACC as the only nitrogen source.  
 

 
Table 1: List of PGPR on effects of plants and other agricultural crops  

 
S. No PGPR Plant Effect References 

1 

Delftia tsuruhatensis, 
strain HR4, 

Pseudomonas 
corrugata 13 or 
Pseudomonas 

aureofacieans 63-28, 
Azospirillum brasilense 

Cucumber, 
tomato 

and Rice 

Suppressant 
to plant 

pathogens, cause 
pith necrosis and 

plant growth-
promoting 
activities 

Han et al. (2005); 
Kamnev et al. (2005) & 

Catara, (2007)  

2 

Bacillus Licheniformis 
CECT 5106, 

Bacillus Licheniformis, 

Serratia proteamaculans 1‐
102, Serratia liquefaciens 2-

68, 
Pseudomonas sp. 

strain GRP3A and PRS9,  
Pseudomonas 

alcaligenes PsA15, 
Bacillus polymyxa BcP26, 

Mycobacterium 
phlei MbP18, 

Pseudomonas denitrificans. 
PsD6, 

Bacillus pumilus CECT 5105 

Stone pine, 
European alder, 

maize, mung 
bean, cotton 

and pea 

Promote the 
growth and 

nutrient uptake 

Probanza et al. (2002); 
Ramos et al. (2003); 

Sharma & Johri (2003); 
Egamberdiyeva & 

Hoflich, (2004) 

3 

Kluyvera ascorbata 
SUD165/26 & Kluyvera 

ascorbata SUD165, 
Pseudomonas 
tolaasii RP23, 
Pseudomonas 

fluorescence RS9, 
Variovorax paradoxus, 
Rhodococcus sp. and 

Flavobacterium sp. 

Tomato, 
Canola 

perennial 
grasses, 

and Indian 
Mustard 

Cadmium, zinc, 
copper, nickel, 

cobalt 
resistance and 

elongation 
to plant seedlings 
and stimulation 

Burd et al. 1998; 2000 
Dell Amico et al. (2005); 

Belimov et al. (2005) 

4 
Achromobacter 

piechaudii ARV8 
Tomato 

and Peppers 

Water and 
salt stress 
resistant 

Mayak et al. 2004a; 2004b 

5 

A range of PGPR 
in interaction 

With C3 
and C4 plants 

Rice 
Yield increased 

up to 30% 
Okon and 

Labandera-Gonzalez, (1994) 

6 
Inoculation with 

Azospirillum 
brasilense 

Cotton plant 

Dry matter 
and height may 
increases under 

greenhouse 
condition 

Bashan, (1998) 

7 

Two plant growth- 
promoting rhizobacteria 

(PGPR) strains 
(Bacillus subtilis 

strain GBO3 and Bacillus 
amyloliquefaciens 

strain IN937a) 

Bell pepper 
and Cayenne 

pepper 

Severity of 
nematode 

disease and 
reduction of 

root knot 

Kokalis-Burelle et al. 
(2003); (2006) 

8 

Trials with rhizosphere 
associated plant growth 

promoting N2 fixing and P-
solubilizing Bacillus sp. 

Wheat Yield increases de Freitas, (2000) 

9 Inoculation with P. polymyxa Wheat 
Enhanced 
grain yield 

de Freitas, (2000) 
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The fluorescent pseudomonas group was 

found in the rhizosphere of a variety of plants, 
according to phylogenetic analysis (Orozco-
Mosqueda et al. 2018). These strains were found 
to be adapted to the saline conditions and 
therefore, are of great interest for agricultural 
applications in arid regions. As a result, their 
ability to increase canola crop yields under saline 
conditions should be investigated. 

Soybean plant 
In a research study to promote early growth of 

the Soybean plant, first they isolated 116 bacteria 
species from the bulk soil and the rhizosphere of 
soybean, and then their PGPR traits were 
examined. Out of 23 subsamples isolated, all but 
one tested positive for one or more of these 
PGPR traits. After further screening, seven out of 
23 samples were selected for the promotion of 
plant growth. Originally, all 7 isolates were from 
the soybean rhizosphere  (Forni et al. 2017) 
observed that seven bacterial strains gave 
positive results for ACC deaminase production 
and stimulated canola seedling root elongation 
under abiotic conditions (Pandey et al. 2013). 
They found that 1-Aminocyclopropane-1-
carboxylate deaminase might act to stimulate 
plant growth and root elongation specifically by 
hydrolyzing ACC from growing seeds. This would 
lower the level of ACC and therefore the amount 
of ethylene in seeds (Wasi et al. 2013). 

CONCLUSION 
Regulating ACC and ethylene levels is key 

role in promoting stresses of heavy metals. As a 
result, microorganisms that generate the enzyme 
ACC deaminase can be used to increase 
resistance. Accumulation of heavy metals (Cd, Ni, 
Cu, Fe etc) results in ecosystem disturbance, 
agricultural land spoiling, and biodiversity 
problems. Heavy metal stress results in high 
production of 1-aminocyclopropane-1-carboxalate 
(ACC) which is an ethylene precursor thus, the 
amount of ethylene in plants rises, inhibiting plant 
development. In this way, rhizobial strains that 
produce ACC deaminnase and hence increase 
nodulation activity might improve nitrogen fixation 
in a variety of plants. 
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