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Abstract 

Trichoderma spec ies have become popular as biocontrol agents and arc being lIsed to protect crops frol11111uny plant pathogens 
world over. The experiments carried oul to preserve Trichoderma species ill the form of sodiulll alginate encapsulated beads 
revealed thallhc conidial and mycel ial stages in encapsulated form remaincd viable for Illore than six years at room temperature. 
Production of alginate encapsulated 7hchodem/{/ was relative ly a simple procedure but found to be an enieient method for 
maintaining the pure culture and also for long-term preservation. The survival and conidiation from the encapsulated beads arc 
very much comparable to freshly inoculated culture. The organ ism can be revived from encapsulated beads by inoculat ing 0 11 to 
either PDA or organic substrates like vcrmicompost. On revival , its bio-e fficaey remained as in fresh culture, and 0 11 soil applica tion 
the antagonistic potential was sheltered. 
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I nlrodnclion 

Fungal cultures are generally preserved/stored 
in water at normal room temperature, which is an 
easy and cost-effective procedure Castellani, 1939; 
1963; McGinnis et al. , 1974). But here the stabili ty 
of the cul tures is not ensured. Preservation in soil 
or on oi l (Bakerspiegel, 1953; Buell and Weston , 
1947) , water-covered s la nt s or agar s lants, 
cryop reservation in liquid nitrogen or at low 
temperature (-20 and -70°C) (Elliott, 1976) etc., are 
the methods being followed by the American type 
culture co ll ect ion (ATCC, 199 1) . A lthough 
lyophili zat ion is effecti ve for long term storage, it 
is cumbersome and involves a lengt hy procedure, 
so also it requires sophi sticated equipment li ke 
Lyophil izer. Storage in liqu id nitrogen vapour 
(above liquid at ~-130°C) is a more feasible and 
cost-effective alternative for long-term preservation 
of living cells, but many times the avai labi lity of 
liquid N, is limited. 

T /wrzia lllllll is one of the most potential 
biocontrol agents against Phy taphthora induced foot 
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rot disease of black pepper (Rajan et aI., 2002). 
Significant improvements have been made in 
culturing and mass multiplication of this potential 
strain . Severa l formulations were also available in 
practice for disseminating th technology to the 
farmers which include talc-based formulation and 
liquid formulations (Bhai and Anandaraj , 2014), 
solid formu lation in decomposed coffee husk and 
farmyard manure (Bhai et al. , 1994) , bes ides 
bio-ca psule recently patented at ICAR- Indian 
Institute of Spices Re searc h ( ICAR- II SR , 
Kozhi kode) . The technology-based on ta lc and 
b io-capsul e are being licensed by many 
entrepreneurs. Bhai and Anandaraj (20 14) tested 
different liquid media based on glycerol (100, 50 
and 25%), glucose ( 100, 50 and 25%), and DMSO 
( 10%) for maintaining the viabili ty of T harzialllllll 
spores. They observed that all the above media 
maintained the viabi lity on ly up to 75 days, and 
thereafter, there was a decline in viabi lity. Viability 
was complete ly lost in 300 days whil e sterile 
deionised water maintained the viab ility even after 
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720 days (Bhai and Anandaraj , 2014). However, all 
thcsc formulations were made mainly for fi eld-leve l 
applications. At ICA R-II SR, Kozhikode, during 
investigations on disease control, many Trichoderma 
isolatcs were collected from geographically di ffe rent 
locat ions and maintained in agar slant s. These 
cultures were sub-cultured periodically to maintain 
their viability, whi ch is cumbersome and needs 
skillcd technicians. Many of these cultures may not 
survivc for long, or even if survived, it would be 
contamin ated th ro ugh the mois1 cotton plug. 
Retrieval of pure culture from these contaminated 
agar slants after long-term preservation is a di ffi cult 
task. Therefore, the study was envisaged to develop 
a suitablc preservation method to maintain these 
potcntial coll ections without los ing the viability and 
bioacti vity. 

T here are report s on enca psul ati on for 
prescrving the viability (Lacey and Undeen, 1986; 
Axtell and Guzman, 1987) of the mosquito pathogen 
Lagenidiwll g igallfeuJII in ca lcium alginate. It is an 
oomyccte belong to Lagenidiales, one of th e most 
promi sing biological co ntrol agents against 
mosquito larvae (Lacey and Undeen, 1986). 
Alginate cncapsulation has been success ful with 
plant pathogens and biofel1ili zers, including bacteria 
and fungi (Bashan, 1986; Sangecth and Bhai, 20 I 0). 
Entomopathogens viz. , Ste in ern ematid and 
J:l clcrorha bdi lid ncmatodes an d ,,"v en 
entomopathogenic Metarriliz iulII sp. have been 
cncapsulated (Kaya and Nelson, 1985; Liu and Liu, 
2009). So, if encapsulated T iwrziauulII retained 
its viab ility and bioac tivity, it would be more 
convcnient to preserve without contamination and 
bett cr than the con ve ntional preserva ti on 
proccdures. Therefore, in thi s study experiment s 
were conducted to develop encapsulated conidial 
and mycclial stage of Trichoderllla in sodium 
alginate and to evaluate the effect of encapsulated 
beads to ensure long-term survival and bioacti vity 
as well as its biocontrol effi ciency. 

Materials and methods 

Trichoderllla culture 

The ex periment was started during 201 2 at 
ICAR-IISR, Kozhikode, Kerala, India. 7hchoderllla 
harzial/ulII , MTCC 51 79, a potential biocontrol 
agent aga inst foot rot of black pepper, maintained, 

In the In sti tu te 's repos itory wa s used for 
encapsul ati on. The isolate was made into a pure 
cul ture on potato dex trose aga r (PDA) medium by 
growing the culture for 72 hrs in the light at 25± I 0c. 
Myceli al plugs of 5 mm size cut from the growing 
margin were transferred to stcrilc potato dext rose 
broth (100 mL) and grown for 5-7 days at 25± 1°C. 
The conidia werc extracted and ccnt rifuged, and the 
pell et was J; l,spended in th e required quantity of 
water. 

_.- _Pathogen culture 
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The major pathogens o f spi ce crops viz . , 
Phytophthora capsici, ColletotrichulII gioeosporioides, 
Rhizoctoll ia solalli, SclerotiulII rol(sii and FusariulII 
oxysPOrtllll maintained in th c pathology secti on at 
ICAR-II SR was used for bioassay tests. These 
pathogen cultures were preserved in PDA slants and 
sub-cul tured for fu rther use. 

Encapsulation 

Trichoderma suspension made as above, having 
a cfu 20x I 010 mL·', was mi xed in 1:4 rati o with 
0.6 per cent sodium alginate so lution and allowed 
to drip into CaCl, (1.5%) taken in a beaker and kept 
at rOO I11 temperature for 30 mi n. The beads (of 
uniform size of3 mm) formed in CaCl, was strai ned 
through a steri le mus lin cloth and all owed to air 
dry asepti ca ll y. T he sodium a lgin ate coa ted 
Trichoderllla beads were then stored under steril e 
distilled water in plastic bottl es and kept at room 
tempcrature throughout the ex perimental peri od. 
These beads were taken out as and whcn required 
for the assay. The experiments were repeated at least 
four times. 

Purity and viability check 

The viability of encapsulated Trichoderllla was 
checked peri odi cally at 5, 10 and 20 days after 
storage and then after one year and thereafter, at 
alternate years for six years. For viability and purity 
check, the inoculated beads were retri eved under 
aseptic conditions by serial dilution plating in PDA 
to get s in gle pure col oni es. S imilarl y, th e 
encapsulated beads were inoculated onto four 
different substrates viz ., vennicompost, powdered 
farmyard manure, coir pith and potting mixture. 
Briefl y, the substrates were taken in jam bottl es 
@ 100 g bottle-' and sterili zcd under 15 Ib pressure 



fo r 20 min . After coo lin g, the substrates were 
inoc ulated w ith encapsul ated beads and incubated 
fo r 5-7 days. There were three replications for each 
substrate and was repeated twice to confirm results. 

/1/ vitro bio-efficacy check 

T he encaps ul ated Trichoderlll a beads a ft er 
storage at room temperature were tested periodica lly 
fo r bioacti v it y aga in st major path oge ns viz., 
P. capcisi, C. g /oeosporioides , S. rolf'i i a nd 
R. so /ali i, F oxysporlllll f.sp vallil/ae by dual culture 
technique. There were three repli cati ons for each 
test, and the dual culture assay was repeated twice 
and at spec ific interva ls as mentioned above. 

/1/ plallta bio-efficacy check 

Black pel)PCI' plants 

Pl ants of va ri e ty Sree ka ra we re ra ised in 
potting mixture in pol y bags of 15 x 10 cm. These 
plants at the 3-5 leaf stage were used for challenge 
inoc ulati on and bi o-effi cacy tes ts for di sease 
suppress ion. 

Multiplication of Trichoderma fl'OIll 
encapsulated beads 

For ill p lall ta bi o -e ffica cy tes tin g, th e 
Trichoderllla was multipli ed from encapsulated 
beads by inocula ting into different substrates as 
abo\Ce. ese ste.rilized substra tes were inoculated 
@ 5 beads per bottl e. After fi ve days of growth, the 
enri ched substrates were appli ed to bl ack pepper 
plants rai sed as above@ 10 9 per plant. These plants 
were cha llenged w ith P caps ici, 10 days after 
inoculation with Trichoderllla enriched substrates. 
Talc ba sed formulati on, a s w e ll as a liquid 
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fo rmulati on, was also included keeping an abso lute 
contro l without Trichoderllla. Observations were 
recorded on plant in fec ti on by P capsici. The 
experiment was repeated tw ice for confi rmation. 

Results and discuss ion 

T harzial/ulII , the most used bioagent against 
P capsici, the foo t rot pathogen, was tested for 
long te rm preserva ti on in sodium a lg in ate by 
encapsulation, whi ch otherwise is being preserved 
on agar slants at 4°C. The encapsul ated beads of 
T harzialllllll were stored un der sterile di still ed 
water kept at normal temperature (Fi g. I). Viabili ty 
and bioacti vity of the encapsul a ted beads were 
tested periodica lly for six years. After encapsulation 
of Trichoderllla (in 20 12), re- isolati on was done at 
5, 10 and 20 days and after 1, 2,4 and 6 years (up to 
20 IS). Initi ally, the beads were ta ken out, c rushcd 
and seria l dilution plating was undertaken to get 
sing le and pure colonies (Fig. 2 a and b). The sing le 
colonies were tested for ill vitro bioassay. The 
recovery showed abundant growth and sporulation 
of Tr ichoderllla in 4 Shrs as seen in fr es hl y 
inoculated culture, and bioassay showed inhibition 
of P capsici (F ig. 2c and d) revealing the retention 
of bioacti vity of alginate embedded Trichoderllla. 
T he enca ps ulat e d Tr ichoderllla al so s ho we d 
abundant growth in dri ed farmyard manure and 
vermicompost Fig,.]; Table I . The beads stored 
during December 201 2 remained viabl e even in 
20 IS (6 years) without losing the bioacti vity or bio
efficacy as observed from the growth and inhibitory 
ac ti vity of retrieved culture in different years, i.e., 
20 12-201 S (Fig. 4-6; Table 2 and 3). No contamination 
was observed at any time of sub-culturing indicating 

Fig. I. Encapsulation of T. /wl'zhumm: a) Formation of beads in 1.5% CaClz' b) Drying of CnCal}sulatcd beads, c) Storage 
of beads in water at roo III tCIIlI)cralllrc ' 

3S 
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Fig. 2. Viability and bioactivity of T. IUll'ziul1Il1II encapsulated beads 20 days aftcr storagc : a) Growth of TI';c/wtiel'lIIu 
from cncapsulated beads in dilution plates, b) Pure culturc of T. h(ll'zhlllUIIl rctricvcd from beads, c) P.. Cflpsici 
growth in control, d) Inhibition of I~ capsid by T. IWI'zifllllllll in dual culture 

the purity of the encapsulated culture. The alginate 
bcads of Trichoderllla in water can be stored for 
more than six years without contaminat ion, which 
is an effcctive system for long term culture storage. 

The bioac ti vit y of the encapsul ated 
Trichoderllla was tested by dual culture method 
against pathogens, such as capsici , S. rolf' ii. 
C. gloeo;porioides , R. solalli and F oxysporlllll f. sp. 
vallillae. The results showed an inhibitory effect on 
the rangc of 48 to 88 per cent as seen in fresh culture 
(Table 3). The pathogen inhibition ill plallfa by 
cncapsu lated Trichoderllla is comparab le to the 
liquid and talc-based formulation s. Comp lete 

Fig. 3, Gro wth of encallStll ated bead s in differe nt 
subslnlles: 'a) Co il' pith compost (CC) , 
b)Vcrmicompost (YC), c) Farmyard manUI'e 
(FYM), d) Potting mixture (PM) 
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Tablc I. Growth of Tl'ic/I()(/cI'IIUl from ellcapsulated beads 
in different substrates 

SI. Treat mcnts lOth day 20th day 
No. 

I. Potting mixture 5.05' (t t x to') 6.75' (6 x to') 
2. Dri ed and powdered 

.YM 9.16' (14 x to' ) 8.76' (6 x 10') 
3. Vertllieol11post 10.84' (69 x 10' ) t 1.93' (9 x to") 
4. Decomposed eoir pith 6.97' (93 x 10') 9.08' (I x 10') 
CV(%) 0.48 0.57 
SE(d) 0.027 0.036 
LSD al 5% 0.0598 0.0795 
*Figures in parenthes is arc original values. Values fo llowed 
by the same letters arc 110t significantly diflc rent in DMRT 
Icst al P~0. 05 

Fig. 4. a) Pure growth of T. 1t""" ;"'IIII,'" 
beads after stol'ugc tal' OIlC year, b) IIlIJ;t,.(} antagonistic 
activity of CnCal)sulntcd T.lwrzitlllllm agu inst P. ('(Ipsic:; 
after storage for I year at roOI1l tempera'u I'C 
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Fig,S. BioactivHy of cncllilsuillted be'Hls of T. /wrzhll1wJ/ agninst lII ajo r I)atll oge ll s after four years of storage at rOO I1l 
temperature: a) P. C(lp.i> ;ci, b) F. (JXy.\jJOI'UIII , c) S. 1"01/\';;, d) R. so /a",', e) C. gloeospot';o;t!es 

Fig. 6. Bioactivit y of encapsulated Tric/,m/el''''u aga inst major p:lthogens aft er six ye:II's of stonlgc at room teml)e.-atllrc: 
a) P. caps;ci, b) F. O,\)I.\,/}(U'UIII , c) c./:/oeo.vw,.;oh/e.'i, d) S. mlfsii, e) R. so/ani 

suppress ion of in fec tion was observed under 
challenge inoculated condition with encapsulated 
beads in farmyard manure, vennicompost and liquid 
fo rmulation as compared to control and talc-based 
fo rmulation (Fig. 7, 8 and 9). The bioactivity assay 
showed that five encapsulated beads in 100 g 
vermicompost are suffi cient to get a popul ation of 
> I 0" cfu g" in I 0 days which is eq uiva lent to > I 0 
kg of talc-based formul at ion (Table I). Thus the 
result s of viabilit y as we ll as bioactivity tests 
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revea led that the encapsulated formulation cou ld 
retain the viability up to >6 years at room temperature 
and when incorporated with farmyard manure or 
vennicompost, could multiply as usual (Table 2). 
There was no loss in viability from initial storing as 
evidenced from its luxuri ant growth in organic media 
as well as in potato dextrose agar media. 

Production of a lgi nate encapsu lated 
Trichoderma is a relatively simple procedure. 
Mycelia, along with conidia or even conidia alone, 
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Fig. 7. I" pifmla cvahmtion of cncapsulated 7HcllOderma 
multipli e d in dirrere nt s ub s trutes. T I 
Vermicolnllost (VC) T2-Control, T3-FYM, T4 Talc 
formu lat ion (TC) TS-L iquid forlllulation of 
Trichoderma (Liq.) T6-Coir coml)ost (CC) 
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Fig. 8. lit phmta bio-efficacy of the formulation after four 
yea rs 

can be stored by thi s method. The encapsulated 
beads remain viable for more than six yea rs under 
normal room temperature. This is found to be an 
efficient system for maintaining pure culture and 
a lso fo r long term prese rv at ion, espec ia ll y 
bio-agents like Trichoderma spp . A part from 
viabi lity, the culture also retained its bioactivity as 
eVIdenced from ill vitro inhibition of pathogen at 
variOus stages of retrieval as we ll as di sease 
suppress io n by cha ll e nge inocu lati o n. The 
bioactivity was comparable to freshly prepared tal c
based or liquid formulation. The encapsulation in 
the present ex periment was done under steril e 
cond itions, and no contamination was observed 
during storage and also at the time of rev iva l during 
dIfferent periods. T he encapsu lation can be 
acillevcd with minimum inputs. 
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Fig. 9. Bio-efficacy of the forlllulation ane l' 6 years 

Table 2. Popu lation of Trichoderma at the tillle of so il 
ilPI)lication in in pl:lIIta eva lu ation 

Treatments COllnt IIlL" g" Log cfu IIIL" g" 

T I - Vennieo lllposl 3 x to' 8.46' 

T2 - Coir compost 6 x 104 4.77' 

T3 - Decomposed FYM 7 x 10' 8.86' 

T4 - Talc 5 x 101 7.69" 

T5 . Liqu id fonnulat ion 5 x 1010 10.69' 

T6 - Control 

Genera l mean 8.1 0 

p-valuc 

CV(%) 1.26 

SEIdl 0.083 

LSD at 5% 0.1 85 

Va lues fo llowed by the same letters arc not s ignilicantly 
different in DMRT test at P=O.05 

T he re are report s on th e produc tion of 
encapsulat ed beads us in g a lginate to preserve 
cultures. A lginate encapsulat ion has been already 
reported as successful wit h certain chemi ca l, plant 
pathogeni c bacter ia and fungi (Bas han , 1986). 
According to Bashan ( 1986), al ginate beads are 
syntheti c, dry, simple to use, uniform in s ize 
biodegradable by so il microorga ni sms, and 
non-tox ic and also prov ides a slow re lease of the 
orga nism for long periods and may be produced on 
a large sca le. Dry beads containing bacteria can be 
stored at roo m temperature over a long period 
without loss of bacterial content and also storage 
requires only li mited space under normal room 
temperat ure. Lagellidilllll g igalltelllll is one of the 
most promising bio logica ) co ntrol agents aga in st 



Table 3. III vitro inhibition of diffc rcnt pathoge ns by 
encapsulated TdclUJdenllfl 

Trc:ltm cnt's % inhibition by encapsulatcd 
7: Iwrzhllllll1l (2018) 

T I - F. oxysporwJ/ 48.18' 

T2 - R. so/all; 88. 15' 

T3 - C. gloeosfJorioides 68.84' 

T4 - S. rolfsii 62.96' 

T5 - P. capsici 7 1.67' 

Gcnera I mcan 67.96 

p-valuc 

CV(%) 9.15 

SE(d) 5.076 

LS D at 5% 11.309 

Va lucs rollowcd by Ihc salllc Icttcrs mc 1101 significantl y 
di ffcrcnt in DMRT tcst at r=O.05 

mosquito larvaeA llopheles quadrilllaculatus (Lacey 
and Undeen, 1986; Rueda ef al., 199 I). Axtell and 
Guzman ( 1987) prese rved th e viability of 
L. g igallteulII in ca lcium alginate where fl oating 
ca lcium alginate capsules of L. g ig allte /llll with 
I per cent ground cork gave hi gher levels of control 
of the larvae than sinking capsules containing no 
co rk. However, they fo und no comparabl e 
difference between the cork capsules and sinking 
capsules in the infection of larvae after storage at 
15 °G fo r 57 day.s (Axte ll and Guzman., 
1987). Similarly, potential biocontrol agents such 
as Pellicillium oxaliclIllI , T viride , Pseudomollas 
cepacia, e tc. were encapsul ated in the alginate
Pyra x matri x using 0.25 per cent CaCI, or I M 
calcium gluconate. Here except P cepacia , other 
fungi remain viable aft er pellet formation wi th 
Ca gluconate. But a dec line in population was 
noticed during the testing peri od it se lf with a 
loss of 10- I 00 folds after four weeks (Fravel ef al., 
1985). 

Viveganandgan and lauhri (2000) reported the 
effectiveness of alginate formulations over charcoal 
formulation s in maintaining the population of 
phosphate solubilizing bacteri a. Incorporation of 
charcoal-soil in 3: I proportion adversely affected 
the initial filling of these bacteria in alginate. Still , 
alginate alone supported max imum surviva l at 
higher temperature. Bas han ef al. (2002) also 
developed alginate beads for preserving Azo;pirillulII 
brasilellse. 
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Il hai 

In our stud y, ini tial bioac ti vit y test with 
encapsulated Trichoderllla by dual culture method 
against pathogens showed inhibitory effect up to 
the range of 48 to 88 per cent. The bioactivity on 
pathogen was as normal as that of the liquid or 
talc-based formulation. Disease suppression was 
100 per cent under challenge inoculation compared 
to control or talc- based formulati on. Five 
encapsulatcd beads were enough to attain a 
population of > I 011 cfu g" in 10 days which is 
almost equivalent to > I 0 kg talc based formulation 
(Table I). As demonstrated by Rekha ef al. (2007), 
encapsulated bacterial iso lates enhanced plant 
growth as th at of fresh cell s and would be a novel 
and useful technique for implementation in 
agriculture. This is quite in tunc with our study. It 
is also supported by the fact that sodium alginate 
formulations of Bacillus slIbtilis and Pseudolllollas 
corrugata (PGPR bacteria) retained their properties 
of root co loni za tion , plant growth promotion, 
enzyme and anti fungal acti viti es even after three 
years (Pankaj and Anita, 2008). Liu and Liu (2009) 
ex plored the liquid-phase coating technique for the 
formulation of encapsulated conidia of Metarrhizilllll 
allisopliae . They found hydroxypropyl 
methylcellulose (HPMC) as an effi cient additive to 
sodium alginate. But there are limited reports on ill 
plallta biocontrol efficacy of the encapsulated 
Trichodem ra beads after long term preservation as 
done in our study by challenge inoculation. 

Power et al. (20 II ) showed that alginate-based 
beads arc effecti ve storage as well as a deli very 
system for PCB degrading Pseudolll o ll as 
f luorescells. Complete recovery of viable cell s was 
possible even after storage for 250 days. Sangeeth 
and Bhai (20 I 0) standardi zed suitable conditions 
for preserving encapsulated beads of biofertili zer 
(Sangeeth and Bhai, 20 I 0). The beads in water 
showed higher bacteri al counts indicating the release 
of bac teria . Here water served as a tri ggering 
medium for the release of bacteria (Charpentier 
e l al., 1999). But the characteristics of beads like 
size, colour or di sintegration varied with substrates. 
In the case of Trichoderma encapsul ation, the beads 
are green in colour, and that too depends on the 
concentration of the suspension. The technology 
offers an effi cient system for the application of 
biocontrol fungi, with the protection of conidia from 
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abiotic and biot ic stresses. Sodium alginate IS a 
biopolymer and is produccd by li ving organisms 
and contains proteins, po lysaccharides and nucleic 
ac id s. There are report s of Tri c hod erllla 
encapsul ation using alginate. 

Conclusion 

Pre servatio n of potential and benefi cial 
microbial cultures is of utmost importance for thc 
future. Long-term preservat ion of strai ns, especially 
biocontrol agent is very much essential for their in-

For soi l applicat ion, as early as 1985, Lcwis depth study. During preservation , it is necessary to 
and Papavizas ( 1985) made pelleti zed con idi a, ensure viability, bioactivity and stability of li ving 
chlamydos pores and fe rmented suspension of ce ll s. Trichoderllla spp. is of worldw ide occurrence 
Trichoderllla and Clioc!adilllll viride, in alginate gel and became a popular biological tool to protect crops 
using wheat bran and Kaolin clay. But the viability against plafll pathogens. Recent studi es showed 
of the form ulation declined to < I 0 per cent after 24 _ that they are not only parasites of funga l plant 
weeks at 25°C (Lewis and Papavizas, 1985). Farii F - pathogens but also can produce beneficial antibiotics 
el al . (201 2) formulated micro-encapsul ated like trichodennin. The present study is an attempt 
T. harzimllllll to enhance the viabi lity ofthe etTective to preserve these va luable coll ect ions for the future. 
biological control agen t isolated from hea lthy 
groundnut roots. They formulated the capsul es with 
alginate-montmor ill onite clay and tested the 
character of the beads and storage conditions for 
viabil ity but not bioactivity against the pathogens, 
or long term survival as done in our study. Akhtar 
el al. (2009) studied the properties of Ca-a lginate 
immobi li zed T. Iwrzialllllll for the removal and 
recovery ofuraniulll from streams. Mancera-L6peza 
el al. (20 18) formulated Trichoderllla in ca lcium 
algi nate in both white and green capsu les. But 
regarding the conidia preservation, they found loss 
of viability of around 30 per cent in two years after 
storage at ambient temperature. Knudsen and Li 
Cl22m made pelleted sod ium alginat orlllulation 
of Tric!wderma with an intend to develop methods 
to quantify influences of temperature, mat ric 
potenti al, and nutrient source on the hypha I growth 
potenti al of pelletized T. harzialllllll. They used 2-8 
week old pell ets for their study; however, it 
remained viable for several weeks. In the present 
study, our idea was to protect and preserve conidia 
undcr stati c conditions to ensure lasting action 
against a series of pathogens damaging the crops, 
especially black pepper. The sod ium alginate 
encapsulation preserved the viability and protects 
the bio-efficacy of T. Iwrzialllllll even after six years 
a t 1'00 111 temperature. Hence , Trichoderma 
encapsulation in sodium alginate would be a usefu l 
storage method for the preservation of cultures. The 
increas ing demand can also be met with thi s type 
of easy to make formulations which can retain its 
viability for long periods and can be stored for long 
just li ke ex ist ing fungicide preparations. 
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