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Abstract

This research aimed to develop a Trichoderma- based granular bioproduct to extend the
product’s shelf life and control Fusarium oxysoprum f.sp. lycopersici (Fol). Factorial in CRD was used
for experimental design. There were three factors, including encapsulated granule formulations, storage
temperature, and storage time. Each formulation contained conidia of Trichoderma sp. and sodium
alginate, but the concentration of glycerol and tapioca starch was varied. The products were stored at
room temperature and 4 °C from 1 to 9 months. The results showed that the viability of Trichoderma
sp. from each formulation was significantly different. Storage temperature at 4 °C provided higher
viability than room temperature. The F1 formulation (sodium alginate 0.88 % + glycerol 1.5 %) provided
the best result, the highest quantity of survived conidia, at room temperature storage. The amount of
survived conidia was stable for 5 months of storage. F3 (sodium alginate 0.88 % + tapioca starch 1.5
%), F4 (sodium alginate 0.88 % + glycerol 1.5 % + tapioca starch 1.5 %), F5 (sodium alginate 0.88 %
+ glycerol 1.5 % + tapioca starch 3.7 %), and F6 (sodium alginate 0.88 %) formulations provided the
highest number and stable of survived conidia at 4 °C up to 9 months. The survived Trichoderma sp.

from all formulations maintained the Fol inhibitory ability.

Keywords: Trichoderma; bioproduct; fusarium wilt, tomato
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Table 1 Polymers and concentration in Trichoderma-based granular formulations

Type of polymers and concentration
Formulations Sodium alginate Glycerol Tapioca starch Trichoderma sp.
(%) (%) (%) (Log10 conidia mL™)
F1 0.88 1.5 0 7.7
F2 0.88 0 3.7 7.7
F3 0.88 0 1.5 7.7
F4 0.88 1.5 1.5 7.7
F5 0.88 1.5 3.7 7.7
F6 0.88 0 0 7.7
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Figure 1 Mycelial inhibition of Fol by T. asperellum
isolate TPKO1-1. A: T. asperellum isolate
TPKO1-1, B: Fol, C-F: Dual culture
between T. asperellum isolate TPK0O1-1
(left), and Fol (right), C: Fol isolate
TFPK101, D: Fol isolate TFPK201,
E: Fol isolate TFPK301, and Fol isolate

TFPK401
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TFPK501 Mu&1AU (An3199 2)

Table 2 Percentage growth inhibition of Fol

isolates by T. asperellum isolate

TPKO1-1
Fol isolates |Percentage growth inhibition (%)’
TFPK 101 73.68°
TFPK 201 69.00°
TFPK 301 73.00%
TFPK 401 70.00™
TFPK 501 69.00°

" Means labeled with the same letter in a column
are not significantly different according to Tukey

test at p<0.01.
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Figure 2 Appearance of the Trichoderma-based granules derived from different formulations. A: F1

(sodium alginate 0.88 % + glycerol 1.5 %), B: F2 (sodium alginate 0.88 % + tapioca starch

3.7 %), C: F3 (sodium alginate 0.88 % + tapioca starch 1.5 %), D: F4 (sodium alginate 0.88

% + glycerol 1.5 % + tapioca starch 1.5 %), E: F5 (sodium alginate 0.88 % + glycerol 1.5 %

+ tapioca starch 3.7 %), and F: F6 (sodium alginate 0.88 %)
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Table 3 Some properties of Trichoderma-based encapsulated granules.

ST pH EC | Suspension |Granule size (mm)

value | value time (h) Width | Length
F1: sodium alginate 0.88 % + glycerol 1.5 % 7.35 | 9.79 1 0.11 0.15
F2: sodium alginate 0.88 % + tapioca starch 3.7 % 7.37 | 10.43 >13 0.31 0.75
F3: sodium alginate 0.88 % + tapioca starch 1.5 % 7.78 | 10.34 2 0.22 0.43
F4: sodium alginate 0.88 % + glycerol 1.5 % + tapioca starch 1.5 %| 7.38 | 10.54 3.50 0.20 0.30
F5: sodium alginate 0.88 % + glycerol 1.5 % + tapioca starch 3.7 %| 7.89 | 10.65 >13 0.31 0.59
F6: Sodium alginate 0.88 % 7.70 | 10.13 1 0.11 0.65

Table 4 Quantity of survived T. asperellum isolate TPK0O1-1 (Log10 conidia g”') exposed different

granule formulations stored at room temperature and 4 °C.

Quantity of T. asperellum isolate TPK01-1
Storage temperature Formulations at different storage time (Log10 conidia g™)'
1 moth | 3 moths | 5 moths | 7 moths | 9 moths
F1 7.48%° 7.52%° 6.99%¢ 5.2gk™m 3.39%
F2 6.62°" 6.38" 3.50°" 317" 0.00°
F3 6.90%9 6.45°%1 3.97°" 0.00° 0.00°
Room temperature ;
F4 6.179* 5.65" 0.00° 0.00° 0.00°
F5 6.64"" 5.62" 0.00° 0.00° 0.00°
F6 7.38%° 6.72%" 3.68°" 0.90° 0.00°
F1 7.58% | 6.9279 5.86™ 5.18" 4.39™°
F2 6.64°" 6.47°% 5.02° 4.28"™ 42209
. F3 7.08%9 6.94%9 6.84%¢ 7.00%° 7.03%9
e F4 6.84%° 6.89%¢ 6.88%¢ 6.99%¢ 6.71%9
F5 7.09%° 6.72°" 6.58%" 6.51% 6.25%
F6 7.67° 7.467¢ 7.43%¢ 7.30%" 7.10%9
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Figure 3 Quantity of survived T. asperellum
isolate TPKO1-1 (Log10 conidia g™
exposed different granule formula-
tions stored at room temperature and

4 °C.
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Table 5 Inhibitory efficacy of T. asperellum isolate TPK01-1 from different formulations against the

mycelial growth of Fol isolate TFPK 101.

Inhibitory Efficacy of T. asperellum
Storage temperature Formulations at different storage time (% inhibition)’

1 moth | 3 moths | 5 moths | 7 moths | 9 moths

F1 73.33%* 71.67° 72.50° 71.67° 72.50°

F2 73.33% 72.50% 70.83% 71.67° 0.00°

F3 70.832 72.50° 72.50° 0.00° 0.00°

Room temperature

F4 73.33% | 73.33° 0.00° 0.00° 0.00°

F5 73.33° 70.83° 70.83% 0.00° 0.00°

F6 71.672 70.83° 71.672 73.33% 0.00°

F1 70.83% 73.33° 70.83% 71.672 73.33°

F2 73.332 71.672 72.50° 72.50° 71.67°

4G F3 73.33% 71.67° 70.83% 70.83% 71.672

F4 70.83° 70.83° 72.50° 70.83° 71.67°

F5 71.67° 70.83° 71.67% 71.67° 71.67°

F6 72.50° 70.83° 71.67° 72.50° 71.67%

" Means labeled with the same letter in a column are not significantly different according to Tukey test

at p<0.01.
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