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Novel wet and dry formulations of Trichoderma harzianum are reported. These were prepared by
entrapment of spores and/or mycelia into the swollen matrices of hydrogel, or by physical mixing
with xerogel containing zinc sulphate (ZnSO4). T. harzianum exhibited significantly high survival
in presence of pure ZnSO4 up to a concentration of 150 ppm, beyond which gradual decline in
viability occurred. Both the wet and dry compositions exhibited excellent shelf life, with the viability
of T. harzianum up to180 d without any sign of toxicity due to the hydrogel carrier per se or with the
impregnated ZnSO4. The combination of T. harzianum + ZnSO4 exhibited higher bio-activity than
T. Harzianum or ZnSO4 alone against the soil borne fungal pathogen Rhizoctonia solani.
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Hydrogels showing high water absorption characteristics are considered a boon for increasing agricultural productivity

which  provided essential plant nutrients including nitrogen,
phosphorous, potassium and zinc along with an organic
matrix which acted as a soil conditioner in faba bean and
wheat crops. However, there are few reports on hydrogel
formulations of biocontrol agents like Trichoderma spp.

Trichoderma spp. has received significant attention

of the scientific communities due to its commendable

biocontrol activity against various pathogens of economic

importance (Harman et al., 2004; Rini and Sulochana,

2007). About 90 per cent of the different strains of

Trichoderma are being used as bio-control agents, and

out of these, T. harzianum is one of the major and of

universal occurrence (Monte, 2001). The effect of

Trichoderma harzianum is reported on tomato plant against

Pythium ultimum and Phytopthora capsici under both the

laboratory and the greenhouse conditions. Under

laboratory conditions, the mycelial growth of both the

pathogens was significantly inhibited (Uddin et al., 2018).

in water-stressed environments. Because of the
crosslinked three-dimensional networks embodying
hydrophilic groups, these have been explored to serve as
carriers of fertilizers and pesticides. Being water insoluble,
these can be used to develop smart formulations of soil
applied pesticides and nutrients/fertilizers and other plant
growth additives. Formulations of various insecticides,
herbicides, pheromones and other bioactive molecules
entrapped in the super absorbent have been reported over
the past decade (Roy and Bajpai, 2009). Aouada et al.
(2009) reported 80 per cent loading efficiency of paraquat
into polyacrylamide methylcellulose based hydrogels. The
encapsulation of neem seed oil and its release were
reported using sodium alginate (Na-Alg) as a carrier vehicle
cross linked with glutaraldehyde (GA) (Kulkarni et al., 2000).
Talaat et al. (2008) developed a multi-component fertilizing
hydrogel blend (HESRF) with slow release characteristics
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In another study (Bagum et al., 2018), the organic extract

of T. harzianum exhibited potent activity against the phyto-

pathogenic fungi including Aspergillus flavus (82%

inhibition), Rhizopus stolonifer (73% inhibition) and

Pythium ultimum (77% inhibition). Data of in vitro dual

culture clearly demonstrated that all five tested T. harzianum

isolates were potentially active against R. solani in the

range of 67 to 73 per cent (Ibrahim, 2017).

Use of biopolymers such as alginates and

carrageean were reported as entrapment agent while

formulating biocontrol agents including Trichoderma spp

(Cho and Lee, 1999). Dubey et al. (2009) reported

formulations of Trichoderma spp. for soil application

wherein sodium alginate, aluminium silicate and sabudana

powder were used for entrapment of bioagent conidia.

Wettable powder and granule formulations of Trichoderma

have also been reported for the control of Rhizoctonia

solani (Kaewchai et al., 2009; Montealegre et al., 2010).

Various formulations of Trichoderma spp. reported

til l date have been evaluated for their shelf l ife

characteristics at temperatures ranging from 5-30oC in terms

of colony forming units per gram of the carrier. Most of the

studies report sharp decline in the viable population of the

bio-agent at temperatures higher than 20oC after a period

of 90 days. According to the guidelines of Central

Insecticides Board of India for registration of formulations

of antagonistic fungi, colony forming unit (CFU) count on

selected medium should be minimum of 2 x 106 per mL or

g for Trichoderma spp. In view of this requirement and the

harsh agro-climatic conditions of Indian sub-continent, it is

essential to conduct viability of formulations under higher

temperature conditions of >35 to 45oC.One of the scientific

approaches in the present context is the use of hydrogel

polymer as carrier.

A semi-synthetic cross linked hydrogel based on

derivatized cellulose has been developed in our laboratory

(Anupama et al., 2005a). Established as an effective

additive in soils and soilless media @ 2.5-5 kg ha–1 under

field conditions, the polymer absorbs water and controls

its release into the soil as conditions become drier

(Anupama et al., 2005b, 2007). Matrix properties of

hydrogel have been util ized to develop an

entomopathogenic nematode, Steinernema thermophilum,

based biopesticidal formulation (Ganguly et al., 2008) and

a plant growth promoting rhizobacteria based formulation

with improved shelf life (Anupama et al., 2009).

It is well established that besides influencing crop

health and yield, zinc improves the biocontrol efficiency of

certain bacteria and fungi in soil (Duffy and Défago, 1997).

It was reported that zinc sulphate inhibited growth of plant

pathogenic fungi like Fusarium graminearum, Penicillium

citrinum and Aspergillus flavus through disabling the

mycotoxin producing abilities (Savi et al., 2013). It was

also reported that zinc ion (Zn2+) is the major contributing

factor in exhibiting antimicrobial activities (Pasquet et al.,

2014).

Thus, the present study aimed at utilization of the

synthesized derivatized cellulose based kaolin composite

hydrogel in developing combo-formulations of micronutrient

(zinc sulphate) and biocontrol agent (T. harzianum) and

their in vitro evaluation against the phytopathogenic fungi,

Rhizoctonia solani.

MATERIALS AND METHODS

Chemicals

Carboxy methyl cellulose (CMC) (viscosity range 500–700
cps), acrylamide (AM), N,N-methylene bisacrylamide
(MBA), persulphate initiator, zinc sulphate heptahydrate
(ZnSO4.7H2O) dry powder (assay 99-102%) were procured
from Merck Specialties Pvt. Ltd., Mumbai, India and used
as received without further purification.Kaolin clay, light LR
(maximum impurity 1%) was procured from S D Fine Chem
Ltd., Mumbai, India.

Fungal growth medium

Potato Dextrose Agar (PDA) and Potato Dextrose Broth
(PDB) were purchased from Merck Specialities Pvt. Ltd.,
Mumbai, India (pH 5.6 ± 0.2 at 25oC) and Hi-media
Laboratories Pvt. Ltd., Mumbai, India (pH 5.1 ± 0.2 at 25oC).
Disposable polystyrene 90 mm dia Petri dishes were
procured from Tarsons Products Pvt. Ltd., India.
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Microbial cultures

Fresh live culture of T. harzianum (strain T-22) fungus was
obtained from ITCC (Indian Type Culture Collection) section
of Plant Pathology Division, ICAR-Indian Agricultural
Research Institute, New Delhi, India. Culture was
maintained on PDA slants in a BOD incubator at 28 ± 2°C
for multiplication and was sub-cultured in test tubes and
Petri dishes prior to testing. A small portion of the culture
was withdrawn from the test tube with the help of an
inoculating needle and put into PDB medium contained in
100 mL conical flasks. After gentle stirring, the flasks were
kept in BOD incubator at 28 ± 2°C until the upper surface
of the liquid medium was covered with fungal mycelia and
spores. After complete growth of fungus in PDB medium,
vacuum filtration was carried out on a Buchner funnel and
the retained wet fungal spores and hyphae were kept in a
Petri dish for air drying. On complete drying, the mass was
crushed into dry solid powder and stored in autoclaved
vials.

Fresh live culture of Rhizoctonia solani (strain 6258)

was also obtained from ITCC (Indian Type Culture

Collection) section of Plant Pathology Division, and

maintained on PDA slants in a BOD incubator at 28 ± 2°C

for multiplication and was sub-cultured in test tubes and

Petri dishes prior to testing.

Biopolymeric hydrogel

Biopolymeric hydrogels were synthesised in the laboratory
as previously described by Anupama et al. (2005). Weighed
quantities of acrylamide and N,N-methylene bisacrylamide
were dissolved in pre-standardized volume of distilled
water. Carboxy methyl cellulose (CMC) with kaolin was
added to the solution with continuous stirring at room
temperature (35oC). The mixture was kept at 50oC for 12 h.
The gel mass formed was dehydrated and oven dried at
50oC to a constant weight. Impregnation of zinc in the
hydrogel was achieved by in situ entrapment process. Pre-
determined quantity of ZnSO4 was added to the above
mentioned feed mixture along with the monomer.
Remaining steps were the same as explained. After
complete exclusion of moisture, polymers were crushed
in a mixer grinder (Philips, Model No. HL 1606) and passed

through 300 mesh size sieve (53 M).

In vitro compatibility study

Zinc sulphate heptahydrate was evaluated against T.
harzianum by food poisoning technique (Siddiqui et al.,
2009). Briefly, PDA medium (60 g) was suspended in
distilled water (1500 mL) and boiled till complete mixing.
PDA medium and Petri dishes were autoclaved (121o C
and 15 PSI) for 30 min. The medium was poured into a set
of three Petri dishes (9 cm dia) under aseptic conditions
in a laminar flow hood. The dishes were kept under UV
light in the laminar flow chamber for PDA solidification.
Stock solution of 1000 ppm conc. of zinc sulphate
heptahydrate was prepared in distilled water. Nine
concentrations 0 (control), 25, 50, 100, 150, 250, 300, 400
and 500 ppm were prepared by serial dilution and
autoclaved before use. The PDA-solidified dishes
amended with zinc sulphate were inoculated aseptically
at the centre of each dish with T. harzianum by transferring
5 mm dia mycelia plug (made with the help of a cork borer)
from the actively growing front of a 2 week old colony of the
fungus. Each treatment was made in three replicates. PDA
medium with 0.0 ppm ZnSO4 was kept as control.
Inoculated Petri dishes were incubated at 28 ± 2°C until
the fungal growth was complete in the control dishes. The
radial growth of T. harzianum was measured in all the
treatments after 3 d and compared with control. The per
cent growth inhibition of fungus was estimated by using
the following formula (Vincent, 1947) and converted into
per cent compatibility:

I = (C - T)/ C × 100

where, I represents per cent growth inhibition, C, the colony
diameter in control and T, the colony diameter in treatment.
Per cent compatibility was calculated by subtracting
inhibition per cent from 100.

Hydrogel based dry and wet formulations of Trichoderma
harzianum

Four g of  autoclaved 1 g dry zinc impregnated hydrogel
powder was mixed with dry T. harzianum powder and
homogenized using a mortar and pestle. This dry
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composite was transferred to a stoppered glass vial and
stored at three temperatures, viz. 5, 25 and 45oC. The
initial count of T. harzianum in the dry formulation was 4 ×
109 cfu per gram. Water absorbency of the zincated
compositions revealed drastic reduction in water
absorbency capacity of hydrogels. In order to enable
entrapment of bio-agent in gel matrix, a pre-determined
ratio of non-zincated and zincated hydrogels were mixed
and homogenized for further use. Briefly, 3.33 g non
zincated and 1.67 g zincated dry gel were suspended in
200 mL of stock suspension of T. harzianum (water
absorption capacity of hydrogel mixture was 40 times).
The prepared swollen mixtures were stored for further use.
Prepared formulations (dry and wet) were evaluated for
shelf-life characteristics in terms of viability for different
time periods at 5, 25 and 45oC.

Micrograph

Optical microscopic evaluation of the wet formulation was
done in order to see survival of the bio-agent in the
entrapped wet formulation and scanning electron
micrograph picture was taken to observe the surface
morphology of the dry formulation.

Evaluation of shelf-life

The prepared dry and wet formulations were stored at
three different temperatures (5, 25 and 50oC) in a BOD
incubator. Sampling was done at interval of 0, 7, 15, 30,
45, 60, 90, 120, 150 and 180 d. 0.1 g sample was taken in
a test tube containing 10 mL distilled water and serially
diluted. Experiment was performed upto 1012 serial
dilutions. One mL each of diluted suspension was poured
on the PDA-solidified dishes in 4 replications and
distributed uniformly with the help of sterilized glass rod.
Petri dishes were kept in a BOD incubator at the specified
temperatures. The radial growth of T. harzianum was
measured after 3 d.

Calculation of colony forming unit (CFU)

CFU, the number of fungal colonies per mL or g of sample,
was calculated by dividing the number of colonies by the
dilution factor multiplied by the amount of specimen added

to the agar (Kaushal and Chandel, 2017).

No. of fungal colonies/(dilution × amount plated) = No. of

fungal colony forming units per gram (CFU)

In vitro antagonistic activity against Rhizoctonia solani

In vitro bioassay was conducted with the following
treatments in triplicate: 1) Absolute control 2) Hydrogel 3)
Zincated hydrogel 4) T. harzianum 5) Dry hydrogel
formulation containing T. Harzianum 6) Wet hydrogel
formulation containing T. harzianum. Dry mass (0.1 g)
from each composition was transferred to PDA medium
and distributed uniformly with sterilized glass rod. The cut
portion of R. solani was placed in the centre of the Petri
dish. Petri dishes were kept in BOD incubator at 28oC for 4
d. Percentage inhibition was calculated from the reduction
in radial growth of pathogen as compared to control.

Mathematical analysis for compatibility and inhibition

Mathematical analysis for compatibility and inhibition was
done to calculate LC50 of ZnSO4 against T. harzianum and
R. solani. A higher LC50 of ZnSO4 against T. harzianum
indicated better compatibility and its lower LC50 agains R.
solani indicated better inhibition. To exactly calculate the
LC50, two models were used namely a four parameter
logistic equation (4-PLE), and a five parameter logistic
equation (5-PLE) and the latter found better to explain the
data (R2>0.99) with more accurate LC50 values.

The 4-PLE equation is given below:
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The four parameters are: min = bottom of the curve,

max = top of the curve and EC50 – the x axis value for the

curve point that is midway between the max and min

parameters.

The 5-PLE which adds an asymmetry parameter ‘s’

to the 4-PLE, is as follows, where the parameter ‘s’ controls

the asymmetry of curve.
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The additional algebraic equation for xb maintains

EC50 as the half-maximum response value. The equation

has been written so that a positive Hillslope results in a

curve that increases with x axis value.

Mathematical analysis of combination effect

The Bliss independence method was used to determine
whether the combination of T. harzianum and ZnSO4 were
additive, synergistic, or antagonistic. Bliss independence
is also called effect multiplication or the fractional product;
it also may sometimes be known as independent effect
with overlap. It assumes that the two inhibitors act through
independent mechanisms and thus, combined use is
represented as the union of two probabilistically
independent events. The expected inhibition (%) for the
combination use (Ex or E1,2) is computed as used in studies
of synergy with fungicide mixtures (Joger, 1989) and
biocontrol of plant diseases (Guetsky et al., 2002).

Ex or E1,2 = E1 + E2 – (E1 × E2)

where, Ex = expected control efficacy and E1 and E2 are
inhibition efficacy of inhibitor 1 and 2 individually. If the
observed effect (Ox) is greater than the expected effect (Ex),
then the interactions between the two biological control
inhibitors are defined as synergistic (Xu et al., 2011) . In
contrast, if Ox < Ex, then interactions are concluded to be
antagonistic.

Combination effect of T. harzianum and ZnSO4 was

also analyzed by LOEWE additivity model. Given the

concentration of two inhibitors that individually achieve

per cent inhibition (Cx,1, C1,2), the concentration of inhibitors

theoretically required to produce the same efficacy (E) when

used in combination (E. Cx,1, E. Cx,2) can be calculated as

follows:
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where Ic = combination index, C = applied concentration of
substance (1 and 2) in mixture; E = observed effect; Cx =
concentration that causes a certain effect (x).

RESULTS AND DISCUSSION

Compatibility inhibition of Trichoderma harzianum and
Rhizoctonia solani with ZnSO4. 7H2O

T. harzianum population exhibited gradual decline with an
increase in concentration of zinc sulphate (Table 1). Upto
150 ppm of ZnSO4, the bio-agent showed 80.66 per cent
survival which decreased to 63.03 per cent at 1000 ppm
salt concentration. Tapwal et al. (2012) reported 34 per
cent compatibility of T. viride with 300 ppm blue copper.

To understand the compatibility of zinc sulphate with

T. harzianum and R. solani, the inhibition data were

analysed using two logistic equations (four and five

parameters logistic equations). The four parameter logistic

equation showed coefficient of determination  (R2) of 0.98

for both the test organisms. According to the model the

calculated EC50 of ZnSO4 against T. harzianum and R. solani

were 294.0 and 858.8 ppm, respectively (Table 2). The

five parameters logistic equation showed coefficient of

determination  (R2) of 0.99 for both the test organisms. Thus

it was found to be a better fit model than the  4-PLE.

According to the 5-PLE, the calculated EC50 of ZnSO4

against T. harzianum and R. solani were 2943.0 and 1723.0

ppm, respectively (Table 2). Thus the mathematical analysis

of the inhibition data revealed that ZnSO4 is more toxic to

R. solani as compared to T. harzianum (Fig. 1).

Activity of Trichoderma harzianum and ZnSO4 7H2O
against Rhizoctonia solani

The results of bioassay with T. harzianum and ZnSO4

alone or in combination are reported in (Table 3). T.
harzianum alone exhibited 87.66 per cent inhibition
against R. solani whereas the combination comprising T.
harzianum + ZnSO4 exhibited more activity. Combination
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In order to prove the greater effect of combination,

the bioefficacy data were analysed using two mathematical

models, namely Bliss independence model and LOEWE

model. The second model assumes that the two inhibitors

i.e. ZnSO4 and T. harzianum act through similar mechanism

against R. solani, leading to the concept of dose substitution

while Bliss independence assumes dissimilar

mechanisms. Analysis using Bliss independence model

showed that the expected inhibition efficacy (Ex) of the

combination was less than or equal to the observed

inhibition efficacy (Ox) in all the test combination

formulations (Table 3) concluding that T. harzianum and

ZnSO4 combinations were synergistic or at least additive

in action. Analysis by LOEWE additivity model (R2 >0.99)

Table 1. In vitro compatibility of different combinations of
Trichoderma harzianum and ZnSO4.7H2O

S. no. Treatment Compatibility (%)

1 Absolute control 100

2 ZnSO4 @ 25 ppm 92.30

3  @ 50 ppm 86.86

4  @ 100 ppm 83.7

5  @ 150 ppm 80.76

6  @ 250 ppm 77.2

7  @ 300 ppm 73.16

8  @ 400 ppm 70.66

9  @ 500 ppm 66.3

10  @ 1000 ppm 63.03

Table 2. Four and five parameter logistic curve analyses of per cent inhibition of test organisms with ZnSO4. 7H2O

Test organism     Four parameter logistic curve Five parameter logistic curve

  Inhibition (%) Hill EC50 R2              Inhibition (%) Hill S EC50 R2

min max slope (ppm) min max slope (ppm)

T. harzianum 5.29 47.36 0.98 294.0 0.98 0.29 36.97 27.84 0.016 2943.0 0.99

R. Solani 9.32 91.83 1.01 858.8 0.98 9.07 53.26 26.17 0.031 1723.0 0.99

S = Asymmetry factor in the logistic equation

Figure 1. Inhibition of Trichoderma harzianum (A) and Rhizoctonia solani (B) at different concentrations of ZnSO4. 7H2O

of T. harzianum with 1000ppm of ZnSO4 showed maximum
inhibition against R. solani (95.05 %) which may be
explained from the fact that ZnSO4 is more toxic to R. solani
(EC50 1723 ppm) than T. harzianum (EC50 2943.0 ppm). All
the combinations of T. harzianum with ZnSO4 (25, 250 and
1000 ppm) exhibited significantly higher activity than T.
harzianum alone.

showed that the value of Ic is less than 1 concluding that

combinations of T. harzianum and ZnSO4 were synergistic

in action (Fig. 2).

Effect of dry and wet test formulations against Rhizotonia
solani

Antagonistic effect of dry and wet formulation formulations.
The hydrogel carrier taken as positive control did not show
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inhibitory activity against R. solani. However, the
biopolymeric hydrogel+ ZnSO4 composition caused 61.2
per cent inhibition (Fig. 3). Biopolymeric hydrogel-based
formulation of T. harzianum alone inhibited R. solani
significantly (87.9%), almost at par with the inhibition
caused by T. harzianum alone (87.66%). This established
that the bioagent entrapment in carrier did not cause any
adverse effect on its viability. The test biopolymeric
hydrogel-based combination formulations containing both
bioagent and ZnSO4 (dry and wet) showed maximum
inhibition (94.8 and 95.1 respectively) against R. solani
indicating synergistic effect of the combination of zinc
sulphate with T. harzianum against the pathogen. Optical
micrograph of dry and wet formulations depicting their
internal structures is reported in Figure 4.

Shelf-life of wet and dry zincated hydrogel formulations
of Trichoderma harzianum

Shelf-life study was done to check the viability of T.
harzianum in pure culture and test formulations as a
function of time and temperature (Table 4). Both the dry
and wet formulations consistently exhibited high number
of CFU at all the three temperatures during storage period
of six months with a gradual decline pattern, and showed
significant viability (2x 106 to 6 x 106 CFU g–1) of T. harzianum
till 180th d, even at 45oC. Previously, similar gradual loss of
viable fungal spores was reported in alginate pallet-based
formulations of T. harzianum stored at 26±8oC for an
observation period of 25 m (Dubey et al., 2009). Talc-peat
and zeolite based Trichoderma spp. Formulations also
reported decline or complete loss of viability during storage
period of 1.5-4 m at temperature range of 20-30oC
(Jayarajan et al., 1994; Kuckuk and Kivanc, 2005). In the

Figure 2. LOEWE combination index (Ic) of Trichoderma harzianum
and ZnSO4. 7H2O mixture against Rhizoctonia solani

Figure 3.  Effect of test formulations against Rhizoctonia solani
(A), photographs of plates control (B) and treated with biopolymeric
hydrogel and ZnSO4 (C)

Table 3. Bliss independence values with Trichoderma harzianum and ZnSO4. 7H2O combinations against Rhizoctonia solani

S. no Treatment Expected (Ex) Observed (Ox) Characteristics

1 T. harzianum + 25 ppm ZnSO4 88.92 90.20 Synergism

2 T. harzianum + 100 ppm ZnSO4 89.905 91.21 Synergism

3 T. harzianum + 250 ppm ZnSO4 90.97 92.15 Synergism

4 T. harzianum + 500 ppm ZnSO4 92.40 92.50 Synergism

5 T. harzianum + 1000 ppm ZnSO4 94.23 95.05 Synergism

T. harzianum alone showed 87.67 % inhibition against R. solani. Interactions are defined as: antagonistic (O < E), synergistic (O > E) and
additive (O = E), where E = Expected  inhibition (%); O = Observed inhibition (%); Ex and Ox are outputs of the mathematical expression
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at all the temperatures. On 180 th d at 45oC, the dry
formulation showed 6 × 106 CFU g-1 of formulation and the
wet formulation 2 × 106 CFU g-1, an observation not reported
so far.  The shelf life data on the 180th d qualified both the
test formulations (wet and dry) to the product requirement
prescribed by Central Insecticide Board and Registration
committee (CIBRCC) of India. In terms of bio-efficacy, the
results prove their superiority over formulations reported
in literature (Dubey et al., 2009; Jayarajan et al., 1994;
Kuckuk and Kivanc, 2005).

CONCLUSION

Present study encompassed an objective of development
of suitable formulations for integrated disease and nutrient
management. Results showed that the formulations
based on T. harzianum and ZnSO4 hold potential for such
an integrated management. These exhibited significant
bioactivity against R. solani. Their shelf life established
that incorporation of ZnSO4 into hydrogel matrix caused no
adverse effect on the viability of T. harzianum as well as its
antagonistic potency against the pathogen. In vitro results
indicate that incorporation of ZnSO4 into a suitable carrier
along with the T. harzianum can lead to synergistic combo

Figure 4. Optical micrograph showing Trichoderma spores
entrapped in wet formulation (A) and SEM of dry formulation (B)

Table 4. Shelf life of Trichoderma harzianum in dry and wet formulations

Interval (d) Dry formulation Wet formulation
(Measured CFU g-1) at (Measured CFU g-1) at

5oC 25 oC 45 oC 5 oC 25 oC 45 oC

0 4 x 109 a 4 x 109 a 4 x 109 a 3 x 108 a 3 x 108 a 3 x 108 a

7 3 x 109 b 3.5 x 109 ab 2.5 x 109 b 2 x 108 b 2.5 x 108 b 1.5 x 108 b

15 2.5 x 109 b 3 x 109 b 1.5 x 109 c 1.5 x 108 c 1.75 x 108 c 8.5 x 108 c

30 1.5 x 109 c 2 x 109 b 1 x 109 c 9 x 107 d 1.25 x 108 d 5 x 108 d

45 1 x 109 cd 1.25 x 109 c 6 x 109 d 5.5 x 107 e 7.5 x 107 e 3.25 x 107 de

60 6 x 108 de 7.5 x 108 d 3 x 108 de 3.25 x 107 f 5 x 107 f 2 x 107 efg

90 3.5 x 108 e 4.5 x 108 de 1 x 108 e 1.75 x 107 fg 3 x 107 h 1 x 107 fg

120 2 x 108 e 3 x 108 ef 5.5 x 107 e 1 x 107 g 1.75 x 107 gh 6 x 106 ef

150 9 x 107 e 1 x 108 f 1 x 107 e 6 x 107 g 9 x 106 h 3.5 x 106 fg

180 4 x 107 e 6 x 107 f 6 x 106 e 3.5 x 106 g 5 x 106 h 2 x 106 g

 LSD at 5% level of significance; Same letter after the values means statistical purity

present study, the hydrogel based dry formulation
maintained more CFU g–1 (5.5 x 107 to 2 x 108) as compared
to the wet formulation (6x106 to 1.75 x 107 even on 120th d

formulations for effective management of zinc and R. solani
in crop plant.
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