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Abstract
Both neem extract and azadirachtin are widely used in agriculture as organic pesticides because they
are nontoxic to humans, animals, and the environment. However, their effects on soil microorganisms and
plant growth-promoting rhizobacteria (PGPR), which directly affect soil quality, remain largely unexplored.
In this study, the effects of neem extract and azadirachtin on the activity of soil microbes and rhizosphere
microorganisms was evaluated. We found that 0.1 and 0.4 gmL-1 of the extract and 1.25 and 2.5 µgmL-1of
azadirachtin inhibited the activity of soil microorganisms in vitro. Treating soil with azadirachtin for two months
reduced the number of microorganisms present, while two months of treatment with neem extract increased the
number of microorganisms in both the soil and the rhizosphere. The phytopathogenic bacterium Pectobacterium
carotovorum was more resistant to azadirachtin than Rhizobium sp. Moreover, treatment of mung beans with
neem extract or azadirachtin reduced the number of root nodules and Trichoderma asperellum in the rhizosphere,
when compared to the control.
Keywords: Neem extract, Azadirachtin, soil microorganisms, rhizosphere microorganisms, plant growthpromoting rhizobacteria, Rhizobium, Trichoderma

1. Introduction
Neem (Azadirachta indica) extract is cost-effective

of neem extract (Mordue-Lunt Z and Nisbet, 2000).

and environmentally friendly, and is therefore widely

Azadirachtin is the main active ingredient of neem

used as a means of controlling agricultural pests.

extract, and has antifeedant and toxic effects on insects

Neem extract is composed of a complex mixture of

(Morgan, 2009). Azadirachtin, extracted from neem

molecules, including normal hydrocarbons, phenolic

oil, is both cheap and readily available on the market.

compounds, terpenoids, alkaloids, and glycosides

When used as an insecticide or for protecting stored

(Hossain et al., 2013). These molecules act on

seeds intended for consumption, neem extract and pure

various phases of an insect’s life cycle, making it

azadirachtin are both considered nontoxic to beneficial

difficult for pests to resist the physiological effects

organisms such as earthworms, and safe for human
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consumption (Khalid and Shad, 2002; Boeke et al.,

phosphate into a form suitable for use by plants

2004). Moreover, reports show that the use of neem

(Stajkovic et al., 2011). Trichoderma sp. is widely

extract is an effective means of controlling mosquito

used as abiocontrol agent against phytopathogens,

larvae, aphids, and whitefly (Aliero, 2003; Nzanza

as it produces an enzyme that degrades cell walls,

and Mashela, 2012). Thus, neem extract is becoming

as well as antibiotics and secondary metabolites that

popular in organic agriculture.

inhibit the growth of phytopathogenic fungi (Vinale

Neem extract is also capable of controlling pathogenic

et al., 2008).

microorganisms. In vitro, neem extract has a potential

Land use and plant community composition

for antibacterial activity against clinical bacteria such

can affect the composition of soil microbial

as Pseudomonas aeruginosa, Escherichia coli, and

communities (Waldrop et al., 2000). Okur et al.,

Staphylococcus aureus, and against phytopathogenic

(2010) studied the effects of two organic pesticides,

bacteria and fungi such as Xanthomonas vesicatoria,

Drimia

Ralstonia solanacearum, Pythium aphanidermatum,

extracts, on key processes of soil ecology. It was

Alternaria alternata, Bipolaris sorokiniana, Fusarium

found that D. maritima and E. myrsinites extracts

oxysporum, Helminthosporium sp., and Thielaviopsis

have different effects on soil microbial biomass

sp. (Sukanya et al., 2009; Al-Hazmi, 2013; Jain et

and activity. In this study, the effects of neem

al., 2013). However, the effects of neem extract on

extract and azadirachtin on rhizosphere and soil

soil microorganisms and plant growth-promoting

microorganisms were investigated from a similar

rhizobacteria (PGPR) are not yet well understood.

perspective. The extract’s possible antimicrobial

Soil microorganisms play a crucial role in ecosystem

activity on soil microorganisms, plant growth-

processes, including the decomposition of organic

promoting microorganisms, and phytopathogens

matter and the cycling of major plant nutrients

were also studied. The effects of neem extract and

(Madigan et al., 2011). The variety of microorganisms

azadirachtin on the root nodules of mung beans and

present in a particular soil is usually an indicator of

the Trichoderma population in the rhizosphere were

soil quality. Soil microbial biomass is a source of

also investigated.

maritima

and

Euphorbia

myrsinites

nutrients for plants, and is often highly correlated
with the organic matter content of a soil (Pankhurst

2. Materials and Methods

et al., 1995). PGPR, a type of bacterium inhabiting
soil at and around the root surfaces (i.e., rhizosphere),

Neem (Azadirachta indica var. siamensis) leaves

promotes plant growth. Some PGPRs increase plant N

were surface-sterilized with 5% NaOCl for 10

or P uptake, or modulate plant hormone levels (Mohite,

minutes, then washed five times with sterile water.

2013; Etesami et al., 2014; Yadav and Verma, 2014).

The leaves were then ground and sterile water was

Other PGPRs can indirectly inhibit plant pathogens or

added to achieve the desired concentration. Then,

activate induced systemic resistance (ISR) pathways

the extract was filtered through four layers of gauze

(Parikh and Jha, 2012; Ahemad and Kibret, 2013). For

and boiled for 10 minutes. To test its sterility, one

example, the legume symbiotic bacterium Rhizobium

milliliter of extract was used to inoculate poured

sp. Fix esatmospheric nitrogen into ammonium

plates of nutrient agar (NA) and potato dextrose

suitable for use by plants. Pseudomonas sp. and

agar (PDA) media. The sterile extract was storedat

Bacillus megaterium have the ability to solubilize

4 °C until use. Azadirachtin was purchased from
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Thai Neem Products CO., LTD. (Thailand). The

for a period of two months, twelve pots of each soil

azadirachtin was filtered through a calcium acetate

type were treated with 25 mL of 0.1 and 0.4 gmL-1

(CA) membrane filter with 0.45 µm pores prior to use.

neem extract, 1.25 and 2.5 µgmL-1 azadirachtin and
the rest, used as a control, were treated with 25mL

2.1. The effects of neem leaf extract and azadirachtin

of sterile water. One gram of soil obtained from 2

on soil microorganisms

cm from the top of each pot was used to create soil
suspensions. The suitable soil suspension dilutions

Two types of soil are used in this study. First,

were used to inoculate poured plates of NA and PDA.

commercial soil (hereafter, CS) is soil treated with

After incubation at 30 °C for 1 day, the CFU on the

chemical fertilizers frequently used in the cultivation

NA and PDA plates were counted.

of ornamental plants. Second, natural soil from the
Bangpakong river, Chachoengsao province, Thailand

2.2. The effects of neem leaf extract and azadirachtin

(hereafter, BS) is soil not previously treated with

on rhizosphere microorganisms, plant growth, and

chemical compounds. These two soil types were used

mung bean root nodules

in the interest of evaluating the effects of azadirachtin
and neem extract on soils microorganisms in both

The effects of the neem extract and azadirachtin on

natural and agricultural environments.

microorganisms in the rhizosphere were studied

To test whether neem extract and azadirachtin

using mung bean as a model plant, because it is an

inhibit soil microorganisms, serial dilutions of soil

economic plant and easy to cultivate, and any changes

suspensions were made, and suitable dilutions were

in the formation of root nodules by Rhizobium sp.can

used to inoculate poured plates of NA and PDA media,

be easily observed. In a greenhouse, the mung beans

which were mixed with the extract or azadirachtin

were sown in one hundred and twenty 500-mL pots,

to concentrations at 0.1 and 0.4 gmL-1 of the neem

half of which contained CS soil and the other half

extract or 1.25 and 2.5 µgmL of azadirachtin. These

contained BS soil. Sixty pots were divided to five

concentrations were chosen based on a report by

groups (twelve pots each). Then, once a week for a

Aliero (2003) and Ali et al. (2010), who stated that

period of two months, the pots were treated with 50

0.1 and 0.4 gmL-1 extracts could be used to control

mL of either neem extract or azadirachtin, at different

mosquito larvae and aphids, respectively. The 1.25

concentrations as described above. Pots that were

and 2.5 µgmL-1 azadirachtin concentrations are those

used as a control were treated with sterile water. The

recommended by Thai Neem Products CO., LTD. for

plants were uprooted after two months. Rhizosphere

agricultural pest control. After incubation at 30 °C for

soil was collected by shaking the roots gently and

1 day, the colony-forming units (CFU) on the NA and

collecting a sample of the soil that remained stuck

PDA plates were counted.

to the roots. The roots were then washed and blotted

To study the effects of long-term neem extract and

with a tissue to absorb the remaining water. Finally,

azadirachtin application on soil microorganisms, an

shoot height, root length, shoot weight, and root

experiment was conducted, in which sixty pots were

weight were measured. The suitable rhizosphere soil

filled with 250 mL of CS soil and sixty pots were filled

dilutions were used to inoculate poured NA and PDA

with 250 mL of BS soil. Sixty pots were divided to

plates. After incubation at 30 °C for 1 day, the number

five groups (twelve pots each). Then, once per week

of CFU on the NA and PDA plates was counted.

-1
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2.3. The potential for the in vitro antimicrobial activ-

2.5. Statistical analysis

ity of neem extract and azadirachtin
The data were analyzed by analysis of variance
Rhizobium sp. TISTR 131 and Xanthomonas campes-

(ANOVA), and the treatment means were compared

tris pv. campestris TISTR 2065 were provided by the

using a Fisher’s Least Significant Difference test

Thailand Institute of Scientific and Technology Re-

(LSD) at a significance level of 0.05.

search. Pseudomonas sp., B. megaterium, P. carotovorum, T. asperellum, and F. oxysporum were provided

3. Results

by the microbiology laboratory, in the Department of
Biology of the Faculty of Science at Srinakharinwirot

3.1. The effects of neem extract and azadirachtin on

University. Rhizobium sp. was cultured and tested on

soil microorganisms

yeast mannitol agar (YMA) with Congo red. Other
bacteria were cultured and tested on NA medium. T.

The effects of neem extract and azadirachtin on

asperellum and F. oxysporum were cultured and tested

soil microorganisms were tested in vitro by inocu-

on PDA medium. Bacteria and fungi were identified

late poured NA and PDA plates with soil suspen-

via 16S and 18S rRNA gene sequencing, respectively.

sion. Both of the NA and PDA plates were mixed

The antibacterial activity of the neem extract and aza-

1.25 or 2.5 µgmL-1 azadirachtin or 0.1 or 0.4 gmL-

dirachtin was tested via the agar well diffusion meth-

1

od. Bacterial or fungal spore suspensions (106 cells or

the plates mixed with azadirachtin at any concentra-

sporesm L ) were swabbed on the medium. Then, 50

tion contained significantly fewer microorganisms

µlwell-1of neem extract or azadirachtin was applied.

than the control plates did (Table 1). Similar results

The inhibition zone was observed after incubation for

were obtained with the neem extract. These results

24 hours (for bacteria), or 4–5 days (for fungi).

show that both azadirachtin and the extract exhibit

-1

neem extract. We found that, for both CS and BS,

antimicrobial activity that suppresses the growth of
2.4. The effects of neem extract and azadirachtin on

soil microorganisms. In addition, we found that two

Trichoderma in rhizosphere

months of supplementation with 1.25 or 2.5 µgmL-1
of azadirachtin had a significant negative impact on

T. asperellum spores were mixed with sterile CS soil

the microorganisms in both soils (Table 1).

at a final concentration of 106 spores L-1soil. Mung

However, supplementation with 0.1 or 0.4 gmL-1

bean seeds were planted in the mixed soil. After two

of neem extract for two months significantly in-

weeks, the plants were treated with various concen-

creased the presence of microorganisms in both

trations of either the neem extract or azadirachtin for

soils.

two months, as described above. After two months,

The results suggested that long-term application of

the plants were uprooted and the rhizosphere soil was

azadirachtin exhibits antimicrobial activity. More-

collected. Suitable rhizosphere soil dilutions were

over, although the neem extract exhibited antimi-

used to inoculate poured plates of Trichoderma-spe-

crobial activity against soil microorganisms in vitro,

cific medium (Williams et al., 2003). The plates were

some compounds in the aqueous leaf extract might

then incubated at 30 °C for 10–15 days. Finally, the

support soil microorganism growth to some extent.

number of Trichoderma colonies was counted.
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Table 1. The effects of neem extract and azadirachtin on soil microorganisms

Colony forming unit (CFU) in nutrient agar (NA) or potato dextrose agar (PDA) were counted and data were
shown as mean±standard deviation. Different superscript letters in each row indicate that there were significant
differences (p<0.05). ns means no significant differences. BS: Bangpakong soil; CS: Commercial soil

3.2. The effects of neem extract and azadirachtin

ganisms were not affected by azadirachtin; the number

on rhizosphere microorganisms, plant growth, and

of CFU from the CS pots was relatively similar to that

mungbean root nodules

of the control. On the other hand, soil microorganism
populations were reduced significantly by the applica-

After the mung beans were treated with either the

tion of azadirachtin (Table 1 and Figure 1).

neem extract or the azadirachtin for two months, the

We also observed the growth of mung bean plants treat-

plants were uprooted and the microorganisms in the

ed with either azadirachtin or neem extract.

rhizosphere of each plant were quantified. We found

We found that in BS pots, plants treated with 0.4

that the number of rhizosphere microorganisms from

gmL-1 neem extract had root lengths, shoot lengths,

azadirachtin-treated mung beans was not significant-

and root weights similar to those of the control

ly different from that in the rhizospheres of the con-

(Table 2). However, the mung bean shoot and root

trol plants grown in CS pots. However, fewer rhizo-

weights were heavier than those of the control

sphere microorganisms were found in BS pots when

when the plants were treated with 0.1 gmL-1 neem

the mung beans had been treated with 2.5 µgmL-1

extract, but lighter than the control when the plants

azadirachtin (Figure 1). As expected, rhizosphere

were treated with 1.25 or 2.5 µgmL-1 azadirachtin.

microorganisms from the neem extract-treated mung

Similar results were observed in plants grown in

beans outnumbered those from the rhizospheres of

CS pots, with the shoot and root weights being

the control plants, regardless of the soil in which they

lighter when plants were treated with 2.5 µgmL-1

were grown. It is likely that the rhizosphere microor-

azadirachtin.
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Similar results were observed in plants grown in CS

The number of root nodules that formed on treated

pots, with the shoot and root weights being lighter

mung beans was also observed. The results in Figure 2

when plants were treated with 2.5 µgmL-1 azadi-

show only the number of root nodules on mung beans

rachtin. The root weights were also lighter when the

in BS pots, since the number of root nodules on plants

plants were treated with 0.4 gmL-1 extract. These re-

in CS pots was too few to be counted and compared to

sults suggest that azadirachtin negatively affects the

the control. These results show that mung beans treated

growth of mung beans.

with either azadirachtin or neem extract exhibited suppressed root nodule formation compared to the control.

Figure 1. The effects of neem extract and azadirachtin on rhizosphere microorganisms.
Colony forming unit (CFU) in nutrient agar (NA – white bar) and potato dextrose agar (PDA – grey bar) werecounted and data were shown as mean±standard deviation. Different letters above bar indicate that there were
significant differences (p<0.05). Comparison is grouped by letter types; that is, capital lettersare for comparison among NA and lower letters for PDA. The experiments are conducted in two different soil types; BS is
Bangpakong soil, and CS is Commercial soil.
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Table 2. The effects of neem extract and azadirachtin on mung bean growth.Data were shown as mean ± standard
deviation. Different superscript letters in each row indicate that there were significant differences (p<0.05). ns
means no significant differences

Data were shown as mean±standard deviation. Different superscript letters in each row indicate that there were
significant differences (p<0.05). ns means no significant differences

Figure 2. The effect of neem extract and azadirachtin on mung bean root nodules.
Data were shown as mean±standard deviation of the number of root nodules per plant. Different letters above bar
indicate that there were significant differences (p<0.05).
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3.3. The potential for neem extract or azadirachtin to

inhibit the growth of Rhizobium sp. and X. campestris

exert antimicrobial effects on phytopathogens and plant

pv. campestris. The growth of B. megaterium, P. aeru-

growth-promoting microorganisms in vitro

ginosa, and P. carotovorum could be inhibited by azadirachtin applied at concentrations of at least 0.1, 0.4, and

We investigated thee ffects of neem extract and azadi-

0.5 mgmL-1, respectively. Neither azadirachtin nor neem

rachtin on phytopathogens and plant growth-promoting

extract could inhibit T. asperellum and F. oxysporum.

microorganisms, and attempted to identify whether they

Azadirachtin applied at concentrations of 0.4 mgmL-1 or

exhibit antimicrobial activity. Azadirachtin and neem

more resulted in late sporulation only in T. asperellum

extract were tested for antimicrobial activity usingagar

(data not shown).

well diffusion method. The phytopathogens tested in this
study were X. campestris pv. campestris, P. carotovorum,

3.4. The effects of neem extract and azadirachtin on

and F. oxysporum, which cause black rot in crucifers, soft

Trichoderma in the rhizosphere

rot, and Fusarium wilt disease in vegetables, respectively
(Agrios, 2005). Rhizobium sp. and Trichoderma sp.are

We investigated whether neem extract and azadirachtin

well known plant growth-promoting microorganisms

can reduce the amount of Trichoderma in therhizosphere.

that are widely used in agriculture. B. megaterium and

The rhizosphere soil of treated mung beans was used to

P. aeruginosa, have plant growth-promoting characteris-

conduct plate counts on Trichoderma-specific medium.

tics, are often found in soil (Adesemoye and Ugi, 2009;

We found that neem extract and azadirachtin treatments

Stajkovi et al., 2011). We found that neem extract did not

at any concentration significantly reduced the amount of

inhibit the growth of the microorganisms tested in this

T. asperellum in the rhizosphere (Figure 3). However, the

study, with the exception of B. megaterium, for which

root length, shoot length, root weight, and shoot weight

1 gmL or more of neem extract could inhibit growth

of the treated mung beans in this study were not signifi-

(Table 3). As expected, azadirachtin exhibited greater an-

cantly different (data not shown). These results might

timicrobial activity than the neem extract. Azadirachtin

imply that the colonization of mung bean roots by T. as-

applied at a concentration of 0.3 mgmL-1 or more could

perellum was reduced in treated plants.

-1

Figure 3. The effect of neem extract and azadirachtin on T. asperellum in rhizosphere.Data were shown as

mean±standard deviation of T. asperellumcolonies that were found in one gram of rhizosphere soil. Different letters above bar indicate that there were significant differences (p<0.05).
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Table 3. The potential for neem extract or azadirachtin to exert antimicrobial effects on phytopathogens and plant
growth-promoting microorganisms in vitro

Data were shown as mean±standard deviation. n.d. means not detected

4. Discussion

are common antibiotics found in plants (Pandey et al.,
2014). At concentrations of 0.1 and 0.4 gmL-1, neem

Our experimental results show that azadirachtin and

extract inhibited the growth of soil microorganisms in

neem extract inhibit soil microorganisms in vitro. Us-

vitro. However, long-term use of the extract enhanced

ing GC-MS and NMR analysis, it was determined that

the growth of soil and rhizosphere microorganisms

azadirachtin is a tetranortriterpenoidin thelimonoid

(Table 1 and Figure1). This could be because some

group (Mordue-Luntz and Nisbet, 2000; Alves et al.,

protein or carbohydrate residues in the extract are

2009). Although azadirachtin has been reported to

beneficial to the microorganisms. Carney and Mat-

be safe for the environment (Khalid and Shad, 2002;

son (2005) reported that variations in the abundance

Boeke et al., 2004; Morgan, 2009), the concentra-

of soil microorganisms might occur as a result of soil

tions recommended for use inagriculture—1.25 and

carbon processes. The carbon percentage of the soil

2.5 µgmL —are toxic tomicro organisms in the soil

was most strongly associated with changes in the

and rhizosphere (Table 1 and Figure 1). Neem extract

composition of the microbial community. Dubey et al.

is composed of antimicrobial ingredients such as al-

(2009) found that the growth of Macrophomina pha-

kaloids, glycosides, flavonoids, and saponins, which

seolina, a phytopathogenic fungus, was promoted by

-1
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autoclaved neem extracts. They suggested that the an-

antimicrobial activity of the neem extract is limited.

timicrobial ingredients present in neem extract would

Interestingly, the two-month long-term usage of the

have been denatured by the high temperatures of the

extract reduced the number of nodules found on the

autoclave, leaving behind only nontoxic compounds

roots of mung beans, as well as the population of

or those that promote the growth of microorganisms.

Trichoderma in the rhizosphere. This might be be-

There have been reports of the use of neem extract

cause neem extract application alters soil conditions,

for phytopathogen control. For example, neem extract

making them unsuitable for Rhizobium or Tricho-

could inhibit the growth of Alternaria solani (which

derma colonization. Dubey et al. (2009) found that

causes early blight disease in potatoes and tomatoes),

ammonia was evolved during the decomposition of

Fusarium oxysporum (which causes Fusarium wilt

neem oil and seed cakes. This ammonia production

disease in a variety of plants), Rhizoctonia solani

increased soil alkalinity, resulting in an increase in

(which causes damping-off in a variety of seedlings),

antimicrobial activity.

and Sclerotinia sclerotiorum (which causes Sclero-

The antimicrobial activity of azadirachtin and neem

tinia, or white mold disease, in most vegetables)

extract on microorganisms in both BS and CS pots

(Moslem and El-Kholie, 2009; Hassanien et al.,

was relatively similar (Table 1 and Figure1), except

2010; Al-Hazmi, 2013). In this study, the extract was

during the long-term usage of azadirachtin, which did

also shown to inhibit the growth of soil microorgan-

not significantly reduce the population of rhizosphere

isms in vitro (Table 1). However, among the soil and

microorganisms in CS pots (Figure1). As shown in

phytopathogenic microorganisms tested in vitro, the

Figure 1, rhizosphere microorganisms in the BS con-

extract only inhibited the growth of B. megaterium

trol pots outnumbered those in the CS control pots,

(Table 3). This is likely because the neem extract used

indicating a difference between the two microbial

in this study was water-based, and some potentially

communities. That is, some microorganisms in the CS

antimicrobial compounds are water-insoluble. Al-

pots were resistant to azadirachtin, while the growth

Hazmi (2013) found that alcohol extracts of neem

of other microorganisms in the BS pots was inhib-

seeds could efficiently inhibit phytopathogens such

ited. The hypothetical differences in the two micro-

as Pythium aphanidermatum, Alternaria alternata,

bial communities, therefore, explain why rhizosphere

and Helminthosporium sp. However, the neem seed

microbes inhibited by azadirachtin were found only

extract created using a water extraction process was a

in the BS pots (Figure 1). In addition, plants in BS

poor inhibitor of the same phytopathogens.

pots treated with azadirachtin developed lighter roots

Azadirachtin inhibited a wider variety of soil and

and shoots than the control plants (Table 2). This was

phytopathogenic bacteria than did the neem extract.

correlated with the size of the microbial rhizosphere

This difference may be due to the small amount of

community (Figure 1), and could be because some

azadirachtin in the neem leaf extract. It has been re-

plant growth-promoting microorganisms were inhib-

ported that while a small amount of azadirachtin is

ited by azadirachtin. This is supported by evidence

found in neem leaves, the compound is abundant in

from our previous study, which also showed that plant

neem seed oil (Morgan, 2009). Alves et al. (2009)

growth varies with the prevalence of rhizosphere mi-

reported that azadirachtin could not be found in hy-

croorganisms (Sarawaneeyaruk et al., 2014).

droalcoholic neem leaf extract via TLC or HPLC-

We found that phytopathogens such as P. carotovorum

UV/DAD detection methods. This suggests that the

resisted the effects of azadirachtin more strongly than
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