
 

Novel microbial technologies for enhancement of plant growth and
biocontrol of fungal diseases in crops

Neyra C.A., Atkinson L.A., Olubayi O., Sadasivan D., Zaurov D., Zappi E.

in

Choukr-Allah R. (ed.). 
Protected cultivation in the Mediterranean region

Paris : CIHEAM / IAV Hassan II
Cahiers Options Méditerranéennes; n. 31

1999
pages 447-456

 

Article available on line / Article disponible en ligne à l’adresse :

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://om.ciheam.org/article.php?IDPDF=CI020869 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To cite th is article / Pour citer cet article

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Neyra C.A., Atkinson L.A., Olubayi O., Sadasivan D., Zaurov D., Zappi E. Novel microbial

technologies for enhancement of plant growth and biocontrol of fungal diseases in  crops.  In :

Choukr-Allah R. (ed.). Protected cultivation in the Mediterranean region . Paris : CIHEAM / IAV Hassan II,

1999. p. 447-456 (Cahiers Options Méditerranéennes; n. 31)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://www.ciheam.org/
http://om.ciheam.org/

http://om.ciheam.org/article.php?IDPDF=CI020869
http://www.ciheam.org/
http://om.ciheam.org/


OF 
OF 

C. L. O. 
L. E. 

1 , USA 

Abstract : been 
emphasis  on two 1) 

Azospirillum brasileme 

h g a l  Our Bacilus 
lichenformis A USA  patent 

been 
inoculation of 

been 

a 
well of 

Novel  technologies  have  also been 

high 
soil. 

to meet the 
economics  of 

10 all hgicides $4.1 
less than 

1% 
will this 

Azospirillum brasilense 
as Bacillus lichenformis 

OF 

íùngi, yeast, algae,  and 
actinomycetes.  Some of be to 

to 
soil the potential  isolation  of 

the 
that the 

as well as the of 
(species soil types  and  plant  species.  Thus, Specific protocols 
must  be  followed to to soil types, 
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to in a 
location. 

Once a to 
at the site of  action  (inoculation  technologies). The initial  step to 

augment the population  depends  on the to the biomass. To 
obtain a of a 

can achieve a lo9 
when a diluted  liquid 

peat. have  been the 
to the lo8 to 

lo9 about a weed  of  incubation. 

a 109cells ml and  mix 
the solid to 

10' a at lo9 
peat one  could  inoculate  tomato  seeds at a of 1 .l0 (w/w  inoculant to lo8 cells 

5 X lo5 (CFU colony seed which  is  about 
Azospirillum brasilense. 

5 X lo4 to 
that 

that Azospirillum brasilense has a good 
as a 

to to 
use 

been  used  extensively to 
al, 1985; 1986; 

1991; The method  leads to 
gels  by  mixing alginate  with the the a 
solution  of yields small size containing a 
cells. The method  has  been  used  successfully to encapsulate Azospirillum brasilense 

Bacillus licheniformis 1996) into small 
beads  of  about lmm 10' to lo9 CFU The beads 

the seeds at 
seeds as seed encapsulation  in a gelatinous  pellet 

tomato  seeds  showed  above 90% that to the non-encapsulated 
that difision 

1). 

BY TO 

The of a to of 
to inoculations  with Azospirillum brasilense Cd. The inoculum  was 

to contain 5 X lo8 a solid 
with a 50% The all as a seed 

coating  with a final 5 X lo6 CFU.  Table 1 
10 and to inoculation. N i e  out  of  10 

in this  study  showed a 
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The in CV 

(Table 1). 

Figure 1. of shape  and size of alginate-  Ca Cl2 wet microbeads  immediately  after 
formation (Je&  hand  side)  and  after  dehydration (right hand  side) 

in total leaf N- 
to the 2). that N- 

in to  the of as 
evidenced  by the in % N-content  between the AzospiriZZum 
(Table 2). 

in Tables 1 and 2 that 
AzospiriZlum helps to 1983; Okon, 
1985; Okon, 1987; et al,  1996). addition to 
growth be to of hospir ihm to 

indo1 acetic  acid et al, 1989; Fallik et al, €989; 
1995) 2). 

2. Colonization of nutrient  by AzospìrìZZum bradense strain  Cd  entrapped in a  wet 
microbead.  The  picture also illustrates  the  ability of viable  bacteria  to be released from an 

alginateCaC12  microbead. 
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Table 1. Growth to inoculation with Azospirillum  brasilense by several turfgrass 

weights  (mdpot) 

Tall  Fescue 504 728* 594 672** 
Cattle  Club )) 

<( 

Sheep  Fescue 
<< )> 

(( )> 

)) 

Timothy 
<( Climax )) 

(c )) 

580 

727 

757 

119 

187 

182 

268 

264 

315 

791** 

948** 

1044** 

179* 

272* 

235* 

378* 

378* 

346 NS 

469 

472 

614 

112 

1  69 

155 

226 

226 

193 

691** 

703* 

733** 

167* 

259* 

202* 

362* 

362* 

200 NS 

>> 
Plants  were grown under  controlled  encironmental  conditions in a greenhouse. was provided  as seed mating using  a 
vermiculite  formulation CFU/g product)  applied at  a of4g/l00 seeds. Plants at 32 
**, * significant  at  the 0.01 0.05 probability  levels respectively 

Table 2. introgen  increase in several  grasses  in  response  to  inoculation with 
Azospirillum  brasilense 

% (mgpot) 

Tall  fescue (( Cattle  Club 2.94  3.12  14.82  22.71 
Plant 

<( 

<( 

(( 

(( )) 

(( Newhy >> 

2.38 
2.50 
2.09 
2.043 
2.29 
1.95 
2.43 
2.28 
2.45 
2.55 
1 :75 
2.08 
2.26 

3.78 
2.80 
2.54 
2.46 
2.74 
2.12 
2.53 
2.72 
2.70 
2.78 
1-50 
2.18 
2.61 

13.80 
18.17 
15.82 
19.73 
18.36 
27.3 
27.58 
28.20 
20.21 
20.27 
11.58- 
30.05 
23.23 

29.89 
26.54 
26.5  1 
23.27 
26.05 
35.31 
34.76 
39.44 
30.07 
29.24 
13.14 
37.86 
34.21 

Neans 2.3  1  2.61**  20.65  29.2  1 ** 
Plants growíi under  contolled  environmental  conditions in a Azospirillum was provided seed coating using a  vermiculite 
formulation CFWg product)  applied  at a of 4gI100 seeds. at 32 
*, ** Signiscant  differences  at P = 0.05 and P = 0.01, respectively. 

VOL 31 450 

CIHEAM - Options Mediterraneennes



TO 

on the development of the 
of 

of the is based on the physiological  induction of 
The flocculent 

mass sinks to the  bottom of medium  and is the 
lo9 is 

obtained per 
by a 

by 
We  have also 

been  able to of 
forming an 

and  nodulation  of the common  bean is in Table 3. The 
showed that the et li nov) to the non-flocculated 

in (Table 3). Notably, the addition  of  non- 
flocculated AzospiriZZum to in a in 
nodulation  and  plant  gowth. The 
coflocculated to inoculate 

the that the to the 
in a  enhancement  of 

(Table 3). The effects of as a  coinoculant  with etli 
in 4. The 

beneficial  effects  of using 
5) known as 

alfalfa (Table 6). 

Table 3. Enhancement of nodulation  efficiency and growth of vuZgaris plants 
inoculated with Bocculated or nontlocculated strain with or 
whithotat Azospirilrum  brasilense strain Cd.* 

weights  (glplant) 

. 

Efficiency 

(“h of (% of 

Non-Flocculated 
100  100  100 

+ 182 142  158 

+ 
202 164 15 
233  167  159 

* provided seed coating 
presented % of the nonflocculated control 

vol. 31 451 

CIHEAM - Options Mediterraneennes



Table  4.  Effect ofAzospirillum brasilense Cd coinocdated  with on  the  length 
of tap roots,  number of lateral  roots and noduledplant of a xernidy grown 
vulgaris plants  at  10 

Azospirillum) (106 CFU/g soil of 
Azospirillum Cd) 

5.9  kO.4 10.0 zk 0.6" 

4.4 k 1.1 8.9 k 0.4' 

Nodules  (No./plant) 13.08 1.5 24.0 -+ 0.7* 
* Neans are significantly different  between  treatment  and  control  at P = 0.05 level of probability  Values are mean5 -t standard  deviation 
for 5 replications. 

Table 5. of common bean plants vulgaris to  inoculation  by 
etli strain  2743 done or Boixed with ~ ~ o ~ i ~ ì l ~ ~ ~ l  brasìlense 
p 2459  eoflocculated  with Azospìrìllum lipofermz (strain  Br 17). 

of four replications. 

Above-ground Seed  yield  Estimated 
Economic 

d l 0 0  plants @l00 plants sedha 

Yield 

etli-krlzospirillurn 1646" 2165** 

etli alone 1426  608  1642 

1460  606  1628 
*,** differences are statistically significant  at P = 0.05 and 0.01 levels,  respectively 

Table 6. matter  yields of Alfi&% saliva plants  in  response to inoculation 
with  different strains alone or mixed with Azospirillum 
brasilene (strains Cd and Sp 245)  coflocculated  with Azospirillum  lipoferurn Br 17. 

of four harvest times with four replications 
each. 

Top 

+Azosph-illum 
Uninoculated 15.5 33.OZk* 

meliloti 1577 15.2 41 g:w 

meliloti 101 29.6 66.1 W 

meliloti 164 35.2 34.3 NS 
** statistically signeficant  at P S 0.05 
NS Non-significant differences. 

to combined  inoculations  with AzospìrìZlum and 
1985; et al, 

1996). As shown in Table 4, the beneficial effkct of be to 
of growth. to al (1996) the 

of AzospìriZZum could  be  explained, at least  in by  the 
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of AzospiriZZum of Nod  gene inducd signals by the  legume 
by 

the to 
the 

as well as on 
as indicated  above. 

The usefihess Azospirillum spp. as not  limited to 
2) 3, 4, 5 and 6); of 

such as 
Okon, 1987; 1990; 

as Azospiri,?,?zm spp., it would 
that the of a  consequence of a highly  specific  mod of  action. would 

seem that a combination  of  physiological  and biocheqical phenomena  may  be on 

Azospirillum spp. These may of 
of 

GA by 
the the 

the 

The Azospirillum and (Tables 4, 5 and  6) is 
a model  system to the 

as 
to the 

inoculants.  These  inoculant  could  consist of 
to the Azospirillum. 

We  hope that a 

OF AS A 
AGENT 

A novel Bacillus  licheniformis fiom 

(Table 7). 
The  pathogenic fungi susceptible to B. known to 

that affected  mycelial growth, causing 

Bacillus  licheniformis is as to the 
0 2 ;  which  makes 

as The 
using  whole  cells  (Table 7) indicate that B. m y  

that of folid 
like  calys,  peat, m y  

alginate  pellets by  mixing the by a  gellification  in 

1992). 

453 
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Seed is a technique that has been  shown to 
of seeds including  lettuce, Seed 

that to 
et al, seed can be achieved  using  a  solid 

such clays in the al, 1988) like the 
osmoticum  polyethylene  glycol (PEG-8000) The idea  is to 

to initiate the fill 
The seeds said to to of seeds to fully 

will d o m  
of biological may also be quite 

usefil  to to this  case, the 
damping-off  damage to the is avoided,  and the 

of mixed success in the  use of s e d  a 
Bacillus licheniformis on seeds. Table 8 we  show 

of two (A) The seeds  had  only  about 5% to fimgal 
by using a 

technique, thus seed fiom 50 to 97 @) The seeds 
of sweet 70%), and 

or 73 to 85 
PEG-8000 at 10% 

Table 7. Growth inhibition of fimgal pathogens on plates by  whole  cells  and a crude 
etbolic extract from Bacillus Zìcheniforrmis strain 

level 

Fungal pathogen Whole cells 

Alternaria  spp. 

AspergillusJlcrvus 

Aspergillus  ochraceus 
Strain  15299 
Strain  12704 

S 

vs 
S 

vs 
vs 

Aspergillus  niger S 

Cercospora  spp. S 

Cladosporium  spp. 

Colletotrichum  spp. 

Curvularia  spp. 

Diplodia  maydis 

S 

S 

Fusarium  monilgorme S s 
Fusarium  oxysporum W 

Fusarium  roseum S s 
Helminthosporium  maydis vs 

poae vs vs 
AG4 vs vs 

very strong; strong, W, weak not 
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Table  8. Growth  inhibition of fimgal pathogens on 
ethanolic  extract from Bacillus licheniformis 

Plmts/pot % cdplant 
(A) Solid 

4.0 50 10.8 
7.6 95 19.5 

(10% PEG-8000) 

24.2 

85 25. 
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