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Arbuscular mycorrhizal fungi (AMF) is one of the 

soil  microorganisms  composing  the  essential 

components  of  sustainable  soil-plant  system.  These 

fungi  provide  numerous  benefits  to  their  host, 

including  better  phosphorus  uptake  (Gossous  and 

Mohammad  2009),  increased  absorption  of  nitrogen 

(Rotor and Delima 2010), production of plant growth 

hormones  (Herrera-Medina et  al.  2007),  defending 

root against soil borne diseases (Bakhtiar et al. 2010) 

and  increasing  plant  growth  and  productivity 

(Duponnois et  al.  2005).  Several  types  of 

microorganisms  were  reported  to  be  associated  with 

the rhizospheres of different host plants colonized by 

arbuscular mycorrhizal fungi (AMF). These microbes 

were  identified  as  N -fixing  bacteria  (Secilia  and 2

Bagyaraj 1987), plant growth-promoting rhizobacteria 

(Jargeat et al. 2004), phosphate solubilizing bacteria 

(Cruz  and  Ishii  2011),  and  antagonists  of  plant 

pathogens (Budi et al. 1999a,  Bakhtiar et al. 2010). 

The interaction between AMF with different types 

of  mycorrhizosphere  bacteria  can  influence  their 

development  and  symbiotic  establishment.   

Hildebrandt et al. (2002) reported  the increase of AMF 

fungal growth when combined with bacteria. The AM 

fungal  colonization  (Mamatha et  al.  2002), 

inhabitation  of  plant  pathogen  fungi  (

), and agriculture and forestry plant growth (Barea 

et  al.  2002)  have  been  reported  to  increase  by 

mycorrhizosphere bacteria inoculation.  

Recently  some  bacteria  were  reported  to  be 

associated  with  AMF  like  mycelium  and  surface 

sterilized spore. The bacterial genus Paenibacillus was 

intimately  associated  with  the  mycelium  of  AMF 

Glomus intraradices (Mansfeld-Giese et al. 2002). The 

bacteria  species Janthinobacterium  lividum 

Maier et  al. 

2004

Four  isolates  (BGi1,  BGi2,  BGi3,  and  BGi4)  bacteria  were  isolated  from  surface  sterilized  arbuscular 
mycorrhizal fungi (AMF) spores of Gigaspora margarita (Gm). Based on 16S rDNA analyses and phylogenetic 
tree, it was revealed that isolates BGi1, BGi3 and BGi4 belong to genus Bacillus, whereas BGi2 was very close  
to Bacillus megaterium EG 24. Enzymatic activity test showed that all four isolates had cellulase and protease 
activities; while one isolate (Bacillus sp. BGi4) also has pectinase activity in addition to the celulase  and protease 
activities. Dual inoculation of Melia azedarch Linn roots by B. megaterium BGi2  and AMF spores G. margarita 
enhanced  mycorrhizal  root  colonization  by  58.3  %.  Combination  of Bacillus  sp.  BGi1  and G.  margarita 
increased   height, diameter, shoot biomass, and root biomass of   M. azedarch by   353, 4.8, 4546, and 2810%, 
respectively,  in comparison to the uninoculated control plant.
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Empat isolat bakteri (BGi1, BGi2, BGi3, dan BGi4) telah diisolasi dari spora fungi mikoriza arbuscula 

Gigaspora margarita (Gm) yang dsterilisasi permukaannya. Berdasarkan pada analisis urutan gen 16S rDNA 
dan  pohon  filogenetik,  keempat  isolat  tersebut  termasuk  ke  dalam  genus Bacillus  sedangkan  isolat  BGi2 
mempunyai kemiripan tinggi dengan Bacillus megaterium EG 24. Uji enzimatik menunjukkan bahwa keempat 
isolat menghasilkan enzim selulase dan protease. Satu isolat Bacillus sp. BGi4 menghasilkan enzim selulase, 
protease, dan pectinase. Inokulasi tanaman Melia azedarch Linn dengan B. megaterium   BGi2 dan spora G. 
margarita  meningkatkan  kolonisasi  akar  sebesar  58,3  %.  Kombinasi Bacillus  sp.  BGi1  dan G.  margarita 
meningkatkan pertumbuhan tinggi, diameter, biomass pucuk, dan biomass akar M. azedarch berturut-turut 353 
%, 4,8%, 4546 %, dan 2810%, dibanding tanaman kontrol. 

Kata  kunci:  bakteri,  fungi  mikoriza  arbuskula,  pengaruh  rangsangan,  kolonisasi  akar,    pertumbuhan 
tanaman
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(KCIGM01), and Paenibacillus polymixa (KCIGM04) 

have been reported to be associated with AMF spore of 

Gigaspora margarita (Cruz et al. 2008). Cruz and Ishii  

(2011) reported that some bacteria Bacillus sp 

(KTCIGM01), Bacillus thuringiensis (KTCIGM02), 

and Paenibacillus rhizospherae (KTCIGM03) have 

been isolated from surface sterilized AMF spore of 

Gigaspora magrarita. The bacteria associated with 

AMF spore of Glomus geosporum and Glomus 

constrictum have been reported by Roesti et al. (2005). 

The fact that bacteria isolated from surface sterilized 

AMF spores can increase phosphate solubilisation and 

suppression of pathogenic fungi had been reported by 

Cruz et al. (2008). However, no data on the effects of 

associated bacteria isolated from surface sterilized 

AMF spore on the growth of forest trees are available.

The Neem, Melia azedarach Linn. (Meliaceae) are 

native trees of Asia, including Indonesia (Orwa et al. 

2009) and widely planted in West Java as a community 

forest tree (Yulianti et al. 2011). Neem tree is one of the 

potential forest trees species for reforestation and 

medicinal plants (Selvaraj and Mosses 2011). This 

plant has a fairly coarse root system with very few root 

hairs, which are common characteristics of plants that 

are very responsive to arbuscular mycorrhizal 

symbiosis.  The objectives of the present study were to 

isolate and identify bacteria from surface sterilized 

spores of AMF G. margarita and their effects on 

mycorrhization and growth of  Neem seedling. 

MATERIALS AND METHODS

Isolation of Bacteria from the Arbuscular 

Mycorrhizal Spores. The spores of  AMF G. 

margarita originated from the collection of 

Silviculture Laboratory, Faculty of Forestry, Institut 

Pertanian Bogor (IPB) were sieved by wet sieving 

according to the  method of Gardeman and Nicholson 

(1963). Fifty spores were then surface sterilized by the 

method prescribed by Budi et al. (1999b). The surfaced 

sterilized spores were then placed in petri dishes 

containing sterile Pseudomonas Agar and Nutrient 

Agar and then incubated in the dark at 30 °C. The 

bacteria were then isolated and purified.  Each single 

colony was then transferred to agar slants and stored at 

4 °Cuntil used.

Identification of Bacterial Isolates. Isolates of 

bacteria were identified following the method described by 

Budi et al. (1999a) and Bakhtiar et al. (2010), by sequence 

analysis of the small ribosomal subunit (16S ribosomal 

DNA) after PCR amplification with eurobacterial primers 

 

765 R (5'-CTGTTTGCTCCCCACGTTTC-3') and 1141 

R (5'-GCCTTGCGCTCGTTGC-3') from Alpha DNA 

Canada (Bakhtiar et al. 2010).  The DNA contigs were 

assembled using ATGC program that connects the 765 R 

and 1141 R primers.  The sequences were compared with 

DNA sequences available in GenBank database of NCBI 

using BLAST programme. Alignment of 16S rDNA 

sequences were performed using ClustalX. The 

phylogenetic tree was constructed by comparing 16S 

rDNA sequences of four isolated bacteria with 16S rDNA 

sequences from GeneBank DNA database and then 

visualized using Tree View 1.6.6. 

Test of Enzymatic Activity of Bacteria in 
Vitro. The characterization of cellulalitic and  

pectinolytic activity was carried out according to the 

method of Teather and Wood (1982) whereas the 

proteolitic activity was characterized according to the 

method described by Dunne et al. (1997). The 

experiment was performed in a completely randomized 

design in petri dishes in triplicates.

Dual Inoculations of Bacteria and Arbuscular 

Mycorrhizal Spores on M. azedarach.  The  

experiments were performed by factorial design with 

two different treatments of arbuscular mycorrhizal 

inoculations (inoculated and uninoculated), and five 

different types of isolate used as inoculums 

(uninoculated, and inoculated with isolate BGi1, Bgi2, 

BGi3, and BGi4). The experiment was arranged in a 

completely randomized design in a polybag culture in 

five replicates. Three week old M. azedarach seedlings 

with four leaves were transplanted into 500 mL 

polybags containing sterilized ultisol soil. The 

properties of soil medium were determined following 

the standard method used in Soil Laboratory, IPB. The 

soil medium was very low in phosphorus and other 

nutrients but had high aluminium concentration (Table 

1). The plant was either inoculated with surface 

sterilized AMF spores G. margarita and bacterial 

isolates or not inoculated, as a control at transplanting. 

Each inoculated plant received 50 surface sterilized 
8AMF spores and 5 mL bacteria solution containing 10  

-1colony forming unit (CFU) mL  of bacteria placed near 

the roots plant.  Plants were grown for twelve weeks in 

the green house and watered as needed. Plants were 

harvested twelve weeks after transplanting and 

evaluated for height, diameters shoot, and root dry 

weight. AMF root colonizations were evaluated after 

being cleaned with 2.5 % KOH, and stained with 0.05 

% trypan blue in acidic glycerol (Koske and Gemma 

1989). Percent AMF roots colonizations were 

determined according the method of Biermann and 
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Linderman (1981). All data were analyzed by Analysis 

of Variance Procedure using SPSS software program.

RESULTS

Isolation of Spore Associated Bacteria.  A total of 

four bacterial isolates were isolated and purified from 

surface sterilized spores of AMF G. margarita. The 

morphological characteristic of each isolate bacterium 

such as color, shape, and colonies were used for 

separating the isolates. The bacterial isolates showed 

different morphological characteristic (Table 2). 

Identification of Bacterial Isolates.  Bacterial 

isolates were identified based on their 16S rDNA 

analyses (Table 2). Phylogenetic analyses of 16S rDNA 

showed correlation with 18 strains cited from GenBank 

and all isolates belonged to the genera Bacillus spp. 

(Fig1).

Test of Enzymatic Activity of Bacteria in vitro. 

Enzymatic test activity showed that bacterial isolates 

Bacillus sp. BGi1, Bacillus megaterium BGi2, Bacillus 

sp. BGi3, and Bacillus sp. BGi4 produced zones of 

hydrolysis on Carboxyl Methyl Cellulose (CMC) and 

protein medium. In addition, the bacterial isolate 

Bacillus sp. BGi4 also produced zone of hydrolysis on 

pectine media tested as indicated by clear zones (halo) 

around the colonies (Table 4).  The medium containing 

pectin was weakly degraded (1 mm zone surrounding 

pH H O2 4.5 Na (me/100 gram) 0.13

pH HCl 3.7 CEC  (me/100 gram) 23.38

C-organic (Walkley & Black) % 2.64 Base saturation (%) 4.49

N-Total (Kjeldhal) % 0.24 Al-dd (me/100 gram) 1132

C/N 11 H-dd (me/100 gram) 0.51

P (Bray I) ppm 8.6 Fe (me/100 gram) 4.08

P (HCl 25 %) ppm 206.6 Cu (me/100 gram) 0.08

Ca (me/100 gram) 0.47 Zn (me/100  gram) 0.68

Mg (me/100 gram) 0.28 Mn (me/100 gram) 7.56

K (me/100 gram) 0.17

Table 1 Chemical properties of growing media used in this experiment

Table 2 Species identification and characteristic  morphology of isolates of bacteria isolated from arbuscula mycorrhizal 
spores of Gigaspora margarita 

No. Isolats 

Code  

Morphological characteristic of 

colony (colour, colony surface 

and shape)   

Gram Species name with 
the highest 
identity (%)

1 BGi1 Irregular, lobate, raised, opaque. Positive Bacillus sp. BD-107 (99%)

2 BGi2 Circular, entiere, convex, glossy, 

brown cream, oaque  

Positive Bacillus megaterium 

EG 24 (100%)

3 BGi3 Circular, undulate, pulvinate, 

opaque 

Positive Bacillus subtilis 

DF 61 (100%)

4 BGi4 Irregular, undulate, cream, opaque Positive Bacillus flexus strain 

KSC_SF9c (100%) 
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diameter, shoot and root dry weights of Neem seedling 

(Table 5). No significantly different effects were 

observed on any growth parameters when different 

bacterial isolates were applied on their own. All isolates 

tended to increase all growth parameters of Neem 

seedling (Table 5). Dual inoculation of AMF and 

bacteria significantly increased growth and 

development of Neem seedlings in comparison to 

uninoculated plants. Inoculation with AMF alone gave 

the best growth and increased the height, diameter, 

shoot and root dry weights by 399, 5.4, 5304, and 4038 

%, respectively. Dual inoculation with AMF and 

bacterial isolates produced lower results on all growth 

parameter than single inoculation with AMF alone. 

However, these results were not significantly different 

the colony), whereas the media containing CMC and 

protein were very strongly degraded (> 2 mm zone 

surrounding the colony).

Effect of Bacteria and Arbuscular Mycorrhizal 

Fungi on Root Colonization and Plant Growth.  

After 12 weeks inoculation, significantly higher AMF 

roots colonization was found in plants inoculated by 

bacterial isolate B. megaterium  BGi2.There was an 

increase by 58.3 % in comparison to plants inoculated 

with arbuscular mycorrhiza alone (Table 3). On the 

other hand,  plants inoculated with bacterial isolates 

Bacillus sp.  BGi1, Bacillus sp.  BGi3, and Bacillus sp. 

BGi4 only had the AMF roots mycorrhization 

increased by 10, 55, and 0 %, respectively.

AMF inoculation significantly increased height, 

Fig 1 Phylogenetic tree of bacteria isolates from surface sterilized AMF spores Gigaspora margarita. GenBank accession 
numbers are given after the strain name. Bar, 1 substitution per 100 nucleotides.

Escherichia coli strain WAB1892

BGi-1

BGi-3

BGi-4

B. flexus-UVBA (KC431015)

B. flexus-ASU (  KC342254)

B. flexus-DNEB (KC178613)

B. aryabhattai MD03 (KC247687)

B. megaterium YI (KC311785)

B. megaterium HAT1 (JN995603)

B. megaterium VKK-4HT (JX852575)

B. megateriumi EG24 (KC122688)

B. megaterium Q-36 (JX122812)

B. megaterium ATCC154151 (FJ969753)

B. megaterium KCCM 11761 (FJ969757)

B. megaterium TZQ1 (HQ143625)

B. megaterium PDD-31b-1 (HQ256822)

B. aryabhattai E3 (JF683656)

BGi-2

B. aryabhattai 340 (JQ860098)

0.01
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had been detected in several member of the 

Gigasporaceae. Bianciotto et al. (2004) found 

intracellular bacteria in all fungal life cycle; spores, 

germ tube, extra, and intraradical hyphae, except 

arbuscula of Gigaspora rosea. An average of about 

20000 bacteria in one spore of G. margarita had been 

detected (Bianciotto et al. 2003), and identified as a 

new taxon termed Candidatus Glomeribacter 

gigasporarum (Jargeat et al. 2004). Recently Cruz et 

al. (2008) and Cruz and Ishii (2011) found three genera 

of bacteria  Jantibacterium ,  Bacillus ,  and 

Paenibacillus from surface sterilized spores G. 

margarita. This research revealed that G. margarita, 

originally from tropical region, also harbored other 

bacteria in addition to those already reported. The 

morphological features of the bacteria including shape, 

and color confirmed the information provided by other 

researchers. 

Based on the bacterial isolates' enzymatic activity 

tests, it was shown that all bacterial isolates produced 

different amount hydrolytic enzyme activities as 

indicated by clear zone (Table 3).  It was demonstrated 

that the hydrolytic enzyme played important roles in 

on combination using bacterias isolates Bacillus sp. 

BGi1, and B. megaterium BGi2. On the other hand, dual 

inoculation of AMF and Bacillus sp. BGi1 increased the 

height, diameter, shoot and root dry weights of Neem 

seedlings by 353, 4.9, 4512, and 2752 %, respectively. 

The values were increased by 335 %, 4.5, 3700, and 

1847 %, respectively, when inoculation was performed 

in combination with B. megaterium BGi2.   

When plants were inoculated with bacterial isolates 

alone, their growth and development tended to increase 

in comparison to the uninoculated plants (Table 5).  

The height was increased by 17, 11.1, 21. 6, and 14. 1 % 

when inoculated with Bacillus sp. BGi1, Bacillus 

megaterium BGi2, and Bacillus sp. BGi3, and Bacillus 

sp. BGi4, respectively.    

DISCUSSION

The present study showed that surface sterilized 

AMF spores of G. margarita, a member of 

Gigasporaceae, harbor several different bacterial 

strains. Based on phylogenetic correlation analyses, all 

isolated bacteria belong to Bacillus sp. genera. 

Previous research showed that endosymbiotic bacteria 

Table 3  Clear zone (mm) of Celluase, protease and pectinase activity produced by bacterial isolat after  3 d incubation

No  Strain’s name  Cellulase  Protease  Pectinase

1  Bacillus sp. BGi1 4.8a  6.6a  0.0b  

2  Bacillus megaterium BGi2 2.0b  3.0c  0.0b  

3  Bacillus sp. BGi3 5.1a  5.2b  0.0b  

4  Bacillus sp. BGi4 5.0a  6.7a  1.0a  

Table 4 Effect of bacterial isolates on AMF roots colonization of Melia azedarach  12 weeks after inoculation

Mycorrhizae  Strains’s name Roots  colonization  (%) 

No  Bacillus sp. Gi1B 0.00

 Bacillus megaterium Gi2B 0.00

 Bacillus sp. Gi3B 0.00

Bacillus sp. i4BG 0.00

Yes 40.00
b 

Bacillus sp. i1BG 44.00
b
 

Bacillus megaterium i2BG 63.33
a
 

Bacillus sp. i3BG 62.00
a
 

Bacillus sp. i4BG 39.33
b
 

Uninoculated

*Values in a column followed by the same letter do not differ significantly from each  other 

*Values in a column followed by the same letter do not differ significantly from each  other 
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in particular phosphorous.  According to Smith et al. 

(2003) in AM symbiosis, plants receive all of their 

phosphorous via their fungal symbiosis, in 

consequence the symbiosis establishment is very 

critical and hydrolytic enzyme could facilitate hyphae 

of  AMF enter to the root.  

The role of the bacteria in the growth and 

development of  arbuscular mycorrhizal fungi had been 

well documented (Frey-Klett and Garbaye 2005). They 

play roles in promoting the establishment of symbiosis, 

stimulating mycelia extension, increasing root-fungus 

contacts and colonization and reducing the impact of 

adverse environmental condition on the mycelium of 

the mycorrhizal fungi. Different mechanisms of 

bacterial effects on mycorrhizal development had been 

reported by several researchers. Keller et al. (2006) 

found that secondary metabolites responsible for 

growth promotion of arbuscula mycorrhizal fungi were 

produced by bacteria. The production of hydrolytic 

enzymes by mycorrhizosphere bacteria that caused cell 

wall degradation of pathogenic fungi had been reported 

(Budi et al. 2000). 

The evidence that arbuscular mycorrhizal fungi 

might enhance plant growth and development was well 

documented (Johansson et al. 2004). This research 

demonstrated that Neem seedling grown in unfertile 

soil (Table 1) and inoculated by arbuscular 

mycoorhizal fungi G. margarita significantly 

facilitating hyphae to enter the epidermis roots in small 

amount (Bonfante and Perotto 1995).  In this research, 

as shown in Table 3, three bacterial isolates produced 

cellulolytic and proteolytic activities, while one isolate 

produced cellulolytic, proteolytic and pectinolytic 

activities at different amounts as indicated by the width 

of the clear zones. The bacterial isolate B. megaterium 

BGi2 produced cellulase and protease in smaller 

amount compared to other bacterial isolates and had 

greater mycorrhizal root colonization compared to 

other bacterial isolates (Table 4).  The present studies 

showed that bacteria isolated from surface sterilized 

AMF spores of G. margarita produced hydrolytic 

enzymes and played important roles on facilitating 

AMF symbiosis development on neem seedling. As 

shown in Table 4, the degree of mycorrhizal root 

colonization also depended on the amount of enzymes 

produced. The enhancement of AMF root colonization 

in the presence of non-spore-associated bacteria had 

been reported previously by other researchers 

(Artursson 2005; Duponnois and Plenchette 2003) and 

we assume that those bacteria also produce hydrolytic 

enzyme activity. 

Arbuscular mycorrhizal fungi are obligate 

symbionts that establish symbioses with plants in order 

to obtain carbon, enabling them to grow and complete 

their life cycle (Harrison 2005).  In turn, the fungus will 

assist the plant with the acquisition of mineral nutrient, 

Mycorrhizae

 

Strain’s name

 

Height  (cm) Diameter  (cm) Shoot 

weight (g)   

dry  Root dry 

weight (g)  

No No bacteria 3.98
c 

 
0.909

d 0.026
c  0.021

d 

 Bacillus sp. i1BG 4.66
c 0.911

cd 0.037
c 0.025

d 

 Bacillus megaterium Gi2B 4.42
c 0.912

cd 0.031
c 0.026

d 

 Bacillus sp. Gi3B 4.84
c 0.918

cd 0.039
c 0.033

d 

 Bacillus sp. Gi4B 4.54
c 0.911

cd 0.031
c 0.027

d 

Yes No bacteria 19.86
a 0.958

a 1.405
a 0.869

a 

 Bacillus sp. Gi1B 18.02
a 0.953

a 1.199
ab 0.599

ab 

 Bacillus megaterium Gi2B 17.30
ab  0.952

a 0.988
ab 0.409

bc 

 Bacillus sp. Gi3B 13.88
b 0.942

b 0.706
c 0.395

c 

 Bacillus sp. Gi4B 7.86
c

0.923 0.374
c

0.143
dc

Table 5 Effect of bacteria and AMF on growth and development of Melia azedarach seedling 12 weeks after inoculation

*Values in a column followed by the same letter do not differ significantly from each  other 
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increased their height, diameter and shoot and root 

biomass growth in comparison to uninoculated control 

(Table 5). Increasing growth and development of  

Azadirachta indica A. Juss, a forest tree of the same 

family with M. azedarchta, inoculated by arbuscular 

mycorrhizal fungi, had been reported (Phavaphutanon 

et al. 1996). The present study is in accordance with the 

above findings, showing that M. azedarach grown in 

unfertile soil and inoculated with arbuscular 

mycorrhiza increased their growth. Phosphorous is one 

of the mineral nutrients essential for plant growth and 

development (Shtark et al. 2010), although in this 

research the phosphorous absorption was not 

evaluated, it was demonstrated that AM fungi improve 

phosphorous uptake from soils in particularly in soil 

with low P availability (Olsson et al. 2006). 

Although bacterial isolates enhanced plant growth 

and development, co-inoculation with arbuscular 

mycorrhizal fungi decreased their growth in 

comparison to plants inoculated with arbuscular 

mycorrhizal alone (Table 5). This was probably due to 

the neem seedling was still in the early growth stage 

and the nutritional contribution from bacteria and 

arbuscular mycorrhizae was limited. Correa et al. 

(2006) reported that ectomycorrhiza formation may 

have a detrimental rather than a beneficial effect on 

plant productivity during their establishment and early 

development stage. The effect depends on the amount 

of N available to the plant, on the nutritional status and 

on the age of the plant. The interaction between 

arbuscular mycorrhizal fungi and bacteria could 

positively enhance mycorrhizal development and 

function and plant growth (Hameeda et al. 2007). 

Other researcher found a negative effect by reduced 

spore germination and hyphae length, decreased root 

colonization, and a decline in the metabolic activity of 

the internal mycelium (Gryndler et al. 1996) or no  

effect to mycorrhizal development (Edwards et al. 

1998). In this research three bacterial isolates i.e. 

Bacillus sp.  BGi1, B. megaterium BGi2, and Bacillus 

sp. BGi3 positively enhance mycorrhizal root 

colonization and one isolate Bacillus sp. BGi4 showed 

a neutral effect.  It was reported that Bacillus subtilis 

isolated from oil palm mycorrhizosphere can be used 

as biocontrol agent of Ganoderma (Bakhtiar et al. 

2010). Furthermore, it is necessary to investigate the 

possible combination of AMF and Bacillus sp.  BGi3 

most related to B. subtilis towards against Ganoderma 

fungi.

Based on the findings of this study, it can be 

concluded that bacterial isolates Bacillus sp. BGi1, B. 

megaterium BGi2 and Bacillus sp. BGi3 isolated from 

surface sterilized AMF spores G. margarita are 

potential for enhancing AMF root colonization on 

neem seedling. All bacterial isolates enhanced neem 

seedling growth, but when combinations of AMF and 

bacterial isolates were applied, it tended to decrease 

early growth of neem seedlings in the nursery.  
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