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ABSTRACT

The study was conducted at the mc.aw: of Plant Industry in Baguio and iy
the Municipalities of Buguias and Bakun in wwsmca.ﬁ to evaluate %m. best substrate
for the growth of T2 vichoderma koningii strain, identify the best application method
of Trichoderma koningii for the control of clubroot disease of crucifers and
compare the efficacy with Pentachloronitrobenzene against clubroot disease of

crucifers. The results reveal that: 1) Trichoderma koningii strain, cultured in rice

hull produced the maximum spores with average count of 6.8 x 107 in 30 days at

temperatures ranging from 21 to 22°C stored under ambient condition and 10 days
at temperatures 26 10 30°C under plastichouse; 2) the application of Trichoderma
koningii strain as biological control cultured in rice hull substrate significantly
suppressed clubroot disease severity of cabbage by 72.20%. This was applied as
basal three weeks before planting with rate of Itbs/planting hole. Trichoderma
koningii strain at half rate of pure culture grown in potato dextrose agar diluted in
16 1i water applied as soil drenched one day before planting had 57.92%. In terms
of yield, the application of Trichoderma koningii applied as basal produced heavier
weights of cabbage of 25.33 tons/ha but was significantly comparable when
applied as drenched with weights of 19.03 tons/hectare; 3) On- farm trials
conducted in a clubroot severely infected farms in  two barangays of Buguias,
Benguet namely; Loo ( cabbage) and Bad-ayan (Chinese cabbage) applied with
Trichoderma koningii strain cultured in rice hull substrate significantly m%namm&
the clubroot disease severity by 54 to 56 %. The same treatment raised soil pH
from acidic to moderately acidic and produced heavier weights of cabbage and
Chinese cabbage heads.

\
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RATIONALE

bles are important in the diet of every Filipino because it is the source
|s and other nutrient elements. According to report, the
lippines has the highest contribution to the country’s
me per unit area and time (DA-BAR, 2004). With
d to be suppressed to maintain the quality and

Vegeta
itamins minera :
industry in the Phi
ith the highest inco
this scenario plant pests nee

abundance of food.

Among the most important constraints in vegetable production is the damage
and considerable yield losses caused by n_m.a diseases including soil-borne
pathogens and plant parasitic :aaao%.. Z.oa magnma_w. the case of soilborne
pathogens is their capacity to reduce m_mamo.ma yield and quality of vegetable
crops. The pathogens ar particularly challenging because they can survive in soil
for many years ((Koike et al., 2003). Among the economically important soilborne
pathogens include Psuedomonas, Plasmodiophora, Fusarium and Rhizoctonia.

Clubroot caused by the pathogen Plasmodiophora brassica is a serious
disease of brassica crops in most production areas around the world having caused

severe losses to vegetable crops such as cabbage, cauliflower, broccoli and Chinese

cabbage. While considered strictly a disease of brassica it is known o cause

diseases on other families such as Agrotis stolonifera (creeping bent grass).
Fragaria spp.and Doctylis glomerata (orchard grass).

In the Cordillera Region, specifically in Benguet and Mountain Province
vegetable growers claimed that yield losses of about 75 to 85% on crucifer crops is
caused by Plasmodiophora brassicae or clubroot disease and about 50% or more
on potato caused by bacterial wilt .

Brassicac such as cabbage, Chinese cabbage. cauliflower. broccoli and
_3:_.8 are among the top major vegetable commodities grown in the Cordillera
specifically in Benguet and Mountain Province including some areas in the
Visayas and Mindanao.

. MM %Mw_m% today, farmers me_ rely on %.S:S_ ?,z:N.ma ma.now.:oao to
it s arm produce. Such inputs to mm_._o:_:_.a contributed significantly
However gomaﬁgm .m_q farm productivity and quality over the pass decades.
Misuse o.w s So_os ribute to environmental .no:::o: caused 8\ extensive use and
s Aok 8 as_o.aw :.8 _g.a to considerable change in people’s attitude
use of pesticide in agriculture. Added to this is the cost of high rising
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h as mma%oamaw and causing them to use alternative measureg 0
there are major concerns on strategies in Managing

farm inputs SUC
ne use of beneficial microorganisy

cope up with burden. Hence.
the soil borne pathogens such as t

Trichoderma as alternative approach.

of biological such as the Genus Trichoderma has been
demonstrated not only to check soilborne w.a_smma but also degrades some group of
pesticides that are highly persistent in S,.__.o:am_.: Em.::m: et al., 2004). In South
America, they apply the fungus T 1&5%3.5 against 2_§mm-_u.aos and frosty pod
fungus, the main disease of cacao in Brazil ma.?e..q.o%ﬁ_é._% (Mukerji et al,
1998). Successful works also showed that organic fertilizer rich in microorganisms
such a Trichoderma is 2 good control of the disease “mal del alluelo” caused by
Rhizoctonia sp. (Chet et al. 1980). Reports also showed that potato cyst nematode
using Trichoderma BSU Isolate suppressed the population to about 64-78% using

potato variety Donald (Mangili et al., 2004).

The effectiveness

«ved from the beneficial microorganism other
grated with other control approaches against
he clubroot disease of crucifers, Fusaruim
d bacterial wilt of potato, hence the

Considering the benefits der
strains of 7. koningii could be inte
important soilborne pathogens such as t
wilt, plant parasitic nematodes of strawberry an

study.
OBJECTIVES

I. To identify the best substrate/s for the growth of Trichoderma koningii
strain

2. To verify the best application method
clubroot disease of crucifers.

3. To determine the efficacy of T. koningii strain cultu
clubroot disease crucifers in farmers field.

for T, koningii strain against

red in rice hull against

REVIEW OF LITERATURE

pecause it Will

Substrates in the spore production of the Trichoderma is important s
the hu

affect .%a potency According Jenkins and Ebeling (1985), Oryza sativd,
contained 4.5% lignin, 65.47% volatiles, 17.86 % ash. 16.67% fixed carbo™
4056 C.430% H. 3586% 0, 1400 N, 0.02% S, 0.12% Cl. and undetermin
mb lue. Further they claimed that fungi are responsible for the zo%maﬁ_%o: of

gnin in wood and other materials and they are remarkable in their ability 1©
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degrade a wide variety of environmental pollutants (Aust, 1995).
In 1984 it was reported that 38% of the 7

crucifers and inspected from 1989 to 1994 had o___g.o_o,w %Mwwq m__wwﬁ_ M
al, as cited by Tad-awan, 2000). Further Tad-awan (2000) m&,a ated mé
with an average production of cabbage from clubroot-free areas at 55 vha, a
20% yield loss to the 38% of the 710 ha or 269.8 ha of clubroot am_w_gm 4
areas at a price of Spesos/kg, almost 15 million pesos/cropping would have
been due to clubroot disease. S 1ave

Soilborne pathogens clubroot cause by Plasmidiophora brassicae can
significantly reduce yield and quality of vegetable crops. These agents make up 2
diverse group. These fungi, which are multicellular microorganisms. cause most
soilborne vegetable diseases and are considered the most important group. The
fungal pathogens survive in the soil as saprobes on host debris or on other ty pes of
organic matter present in the soil (Koike et al., 2003). )

. Among the most important soil borne pathogens causing considerable losses
in vegetable production worldwide include Psuedomonas spp.. Plasmodiophora
spp., Pythium, Fusarium spp., Verticilium dahli (Lazarovits, 2001). .

The clubroot disease occurs when the soilborne pathogen invades the plant
root system. The infected roots become swollen, forming galls or clubs that
interfere with the plant nutrient supply. In mild cases wilting and stunting occurs
m_“a severe cases, c_ma dies (Porth, 2005). The chief concern related to clubroot is
w_mmmm___ﬂ_mc“___q .m:ma life span of the resting spore. They may remain capable of
5@%%: wﬁ_s 8:9_. for as long as twenty years. Thus once the field becomes
e ill remain _iozo.a for as long as twenty if no attention is made. The

can be spread easily to clubroot disease-free areas through farm

implem . . .
<o_ﬂo_8@am and could be transmitted by plant materials human, cONtainers and

Mana : : .
interest of %Mﬁosﬂ. strategies concerning the soilborne pathogen has been the
st scientists worldwide. Disease management of clubroot includes

The fungicide h "
clubroo, :osw,\r%@ has been .E& for several years to treat infected fields with the
. most require high application rather making them prohibitively
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nsive. In addition. many fungicides have given inconsistent control and g,
Show

environmental effect due to the misuse and excessive uses (How

moment the Pentachloranitrbenzene is the most widely use _,Emw_.

ot disease but only effective when integrated with o or
her

expel
adverse
2007). At the
the control of clubro
control strategies.

To date, biological control is accepted as one of the main concers j
disease management of vegetable crops because of the sustainability and the ma .
benefits derived. Foremost is the environmental concerns. risk and mcﬁasmz_m«
(Aust, 1995). He further claimed that in the field of biological control the QS__M
Trichoderma is widely used in small commercial farms to suppress the population

of soilborne pathogens.

The application of Trichoderma in the soil minimizes the use of chemicals
because it does not function for control of pests but also enhanced the growth and
development of plants which ultimately increase resistance and tolerance against
pests. (http/ ;ow.soil fertility.com/trichoderma/En; lish/index.shtml).

Trichoderma occur worldwide and can be isolated
from soil. decaying woods and other forms of organic materials. They are
generally mycoparasites which results in penetration of the cell wall of the host
fungus and utilize the cellular contents. hydrolytic enzymes such as chitinase,
glucanases and proteases. which partially induced before direct contact with the

host (Hjeljord and Transmo. 1998).

Fungal species of genus

The genus Irichoderma consists of five species and differs in the

morphological features of the conidia and phialides. The microorganism has beer
e to degrade organochlorin®

studied as an organism for biodegradation, being abl

pesticide, chlorophenols and other insecticides such as DDT, Saom:._%s and
aldrin;  herbicides such 2s Trifluralin (Aust, 1995). The ﬂ:%e%\m“u
mycoparasitism combine process such as nutrient competition (Chet. _om.d ow
secretion of anti fungal metabolites (Lorito et al. 1996) and formation b
morphological changes such as coiling around the host and develop
appressorium like structure use in attacking the host (Lu et al., 2004).

ative fungus which can be

nd other media. They .
the organism can ”
$S€S. Further !

i matter. T0¢

Trichodermais a kind of anaerobic. facult
naturally in large numbers of agricultural soils a
capacity to adapt to different environmental conditions thus
utilized in different soil, crops, climate and technological proce
obtains its nutrients from fungi which it breaks down into organ
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[richoderm®

g itself established in soil and control diseases. It
any plants, however it can parasitize, control and kill
many fungi nematodes and n:v;.ova:omn:m that attack .Ea destroys crops. It is an
essential microorganism @ soil and oanm.ﬁ_.cn to its :.:maroamza value to

considered a soil conditioner since it makes the nutrients

agriculture. It is also
present in the soil available for plant growth and development (Cooks and Baker,
1996). Trichoderma koningii has various strains that are mutant that are more

irulent that could work with a wide array of crop pests. The microorganism
makes the plant resistant to pests that are present in the soil and it helps increase
yield making qutrient available in the soil for growth and development of the

crops.

i fast makin
hogenic to

The advantage of using biocontrol to combat plant diseases such as those
present in the soil does not leave residues hazardous to the environment and to
humans. The Application of Trichoderma in the soil minimizes the use of
chemicals because it does not only function for control of pests but also enhanced
the growth and development of plants which ultimately increase the resistance or
tolerance against pests attack (http://wjow.soilfertility.com/trichoderma
English/index.shtml.)

._.,___&sm.m of Mangili et al. (2005), show that Trichoderma BSL isolate 1s
effective wmﬂu:_m.ﬂ cyst nematode Globodera rostochiensis on potato with spore
nw.:: of 10 using fine rice bran substrate at one tablespoon or approximately 10
grams per planting hole. The cyst nematode population reduced to about 64 - 78%.

This was inc i i
orporated with chicken man (s bef .
u g1
el re three weeks before planting the potato

STUDY 1. GROWTH
' OF TRICHOD 'ON
DIFFERENT SUBSTRATES ERMA KONINGII STRAIN ON

OBJECTIVES

l. Toe :
' valuate .
different substrates for mass production of Trichoderma

2. Identify
substrate/ i i
SEod s that can produce the maximum spores in a short

3. Determi
. ermine " . .
the economics of using the different substrates
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RATIONALE
Trichoderma is among the biocontrol agents used by some of ; . T f
i i the hi ere recorded during the study period. Two sets 0
ghla oo temperatures W
vegetable growers (0 control soilborne diseases and even used as decompoge,. nd The ﬁ%_m_wa monw o ed from July 0 September 2007.
. . eriment W
For the previous years the mass production of Trichoderma is being done i d
. : o 5 hered:
mwmmsﬂmmhmm cm“mmwﬂmm%owwmwwﬂ%w mw:mhawnmom Plant Industry, w%__mw e mﬂ» mber of spore count. One tablespoon approximately 10 grams from
produce maximum spores takes more than 35 ﬁm 60 Mwamom the 4 bstrate 19 ; g.m: substrate was placed in bottle containing 100 ml distilled water after
temperature under ambient condition. The temperature of MW to Mmmmam_m: m e which the solution Was stirred thoroughly. The solution was %n»ama
i iti : avorab| d with the use of a mesh cloth. From the
for the production of spores. Under Benguet ¢ bottle and filtered with the U
hardly w:g during S%oo_a and rainy %w:%%:ﬂ:@wm JMMMMMMMA%BRSHE@ s Mwﬂﬂ_ﬂhwwza“ one ml was obtained using a piston-driven air displacement
study to test other substrates locally available. St o i pipette and dispensed in the hemocytometer to count for the spores under
the microscope. This was monitored 30 days after spore inoculation in
the substrates.

METHODOLOGY
corded every day during the trail period.

2. Daily temperature. This was re

Six substrates representing 6 treatments were evaluated at the BPI-BNCRDC

laboratory. These were placed in autoclavable transparent plastic bags at 300

grams each added to 200 ml distilled water and sealed with a rubber band before RESULTS AND DISCUSSION

sterilized using the autoclave. The substrates were inoculated with a 10-day old

pure culture of the 7. Koningii strain cultured in a potato dextrose agar (PDA). The Table | presents the substrates used and the corresponding spore counts 30
days after spore inoculation. Results revealed that spore production of 7. koningi

treatments were assigned using the complete randomize design (CRD) with 7

replication. The treatments were the following: strain using the different substrates have significant differences.
Treatments: i qwn___:_dw the Eﬁ and second experiments 7. koningii strain cultured in rice
o msz _ﬁagm Em_.a& counts of wvoam followed by fine rice bran, and course
6i6.% 106 gsa%a_g of 6.7x 107, 6.1 x 10%, 6.3 x 10%and 6.9 x 107, 6.1 x 10°,
acmso% 832 Spore counts were o.zazoa from mushroom compost alone and
post + garden soil + chicken manure with 1:1:1 ratio with counts of

5.3x10°, 4.6x10° 4
T. - Rice hull « T - course Rice 6x10°, 4.8x10"and 5.3x10°, 4.6x10°, 5.0x10°, respectively.

Bran
‘ The high .
favorab gh Spore production of the 7. komingii strain in rice hull could be

€ as nutrj
(1985) reporteq _mhﬁﬁwsoa than the other substrates. However. Jenkin and Ebelin
volatiles and other EaQS sativa), 60 hulls of rice contains 4.5% lignin, 65.47%
etermined residue. They claimed that the Trichoderma are

: responsible i :

Tj *Ohicken ; which oo degrading the lignin |

, . i

1 »M , ich could e gnin in wood and use them as source of food nutrient

Te- Mushfoom ; €

S&EE ; 52 .
ﬁ mmwos. .
& han the othe, Substrates, for favoring the rice hull for the production of spores

under ambient

The substrates were stored J
lation.

count was monitored 30 days after inocu
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ig. 1. Trichoderma pure culture and myce

lial growth in rige

hull Substrate

-~ .\\.
Pure culture
30 day old cult
The average temperature durin i ; i
", : g the trial period ran i

ems_n:. is caos. the _,BERQ. temperature (25 to wOQQ for Emomﬁﬁ_m%_w_ to 2
H:o microorganism .Awmmoca_ et al. 2006). This may have affected the _a mas.:_ o
the v.aaco:os maximum spores. However when the same culture wag % e
plastic house at temperatures ranging from 26-30°C  the maximum i sam
was produced in 10 days. Shores of 10
Table 1. Spore .8.:: c.m Trichoderma koningii strain per 10g substrates 3
days after spore inoculation.

Spore Count/10gm substrate

1" % Average

Treatments experiment experiment
I. Rice hull 6.7x 10 69x 10"  68x10
2. Fine rice bran 6.1 x 10%° 6.1 x10  6.1x10°
6.3 x 10® 64x10%  63x10°

3. Coarse rice bran : m
53x 10* 53x10°  5.3x10

4. Mushroom compost u e »
5. Chicken manure 45x 10" 4.6 x _os 4.5x _mh
6.compost +  chicken 48X 10 5.0x 10 49x1

manure + garden soil (
1:1:1
v 2431 2960 ____—

CV% .
Means with the same letters are 1ot significantly different at 5% DMRT

; o_uE:_&
In terms of return on cash expense (ROCE), higher E”H_H wnqu dn 501
form rice hull (106.28%), mushroom compost + chicken ﬂ%._ s from 008
(105.36%) and chicken manure with } Mﬁ_a 43 Mﬂgwmﬂaz& (e T
i 3170 eless

rice bran and fine rice bran of 75.26 an bstrates. Neverth

ly i he g oﬂﬂw M_ma of the substrate

differences in ROCE are primar

: : ove
Trichoderma koningii strain favored the rice hull

i .
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he Philip!
o cash expense of the different substrates.
Return 0
Fig >
ifferent substrates
Fig. 2. Return on cash expense of differ

105.36
Vo

106.28
i

substrates

STUDY 2. VERIFICATION TRIAL ON THE APPLICATION METHOD
OF TRICHODERMA KONINGII STRAIN AGAINST CLUBROOT DISEASE

OF CRUCIFERS.

RATIONALE

= ;.a use of biopesticide such as the biological agent for control of pests is
w__“_aﬁm A“_“__dmozgg because of the tremendous price increase of farm inputs.
e H_mw,oﬂ_m@:ooacsoa are becoming health conscious because of the many
ey ; Smsa.go:mE about by the use pesticide ( Cheng. 2002) This is
pported by the increasing demand for vegetables which are either raised

a a result of integrated
pests management . .
(GAP) and organically grown ones. gement ( IPM), good agricultural practices

When T .

selected ESM_M m”ammu = microorganism Trichoderma was introduced to

Nemalode and clubyooy am.:ﬁ and Zo_:.:m_:.v::‘:_oa with problems of potato cyst

methods such g5 spray b ok 9@9.__9?2 It was suggested that other application

methods being yse QY \ a‘awaa for case of handling. Efficiency of the application
as to be verified to help the use rs/farmers vaam se of

handl;
_sw 50 N,Z \
chode — .
erma koningii strain Hence, preliminary trials have been
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farmer cooperators from the seed potato growers group

conducted on- farm with : : . .
disease prior to this experiment.

with farms infected with clubroot
OBJECTIVES

1. To verify the best application method of Trichoderma against clubroot

disease of crucifers in farmers field.
3 To determine the efficiency of the application methods in suppressing the

clubroot disease
3. To determine their effects on yield

METHODOLOGY

The experiment was conducted at Bagtangan, Bakun, Benguet. Prior to the
8&5 of the experiment the area was planted to cabbage Scorpio, a susceptible
variety to assess the extent of severity of the disease. During harvest the severity
of clubroot disease incidence was assessed. Thirty pieces matured cabbage heads
selected at random were uprooted washed and rated using the rating scale indices
of 1-9 approved by the Fertilizer and Pesticide Authority (FPA). Based on the |
result, clubroot disease severity assessment rating ranged from 7 to 9 or sever H

.chmm root clubbing, This is done to make certain that the clubroot disease
infection is present in the farm. ,

The area was thoroughly pre, i i
pared into 160 plots each measuring 1 x 6 5q. ™
wwn wmﬂ..c&_n row method of planting was used. The distance of planting was 30x
o ﬁ hills and rows. Before planting, chicken manure was applied in the
planting holes with rate of 3 tons/hectare while urea was applied during hilling-up- |

The cultural management practi i inst i

: ural m practices such as spraying against insect pests:

“Masm. M_a irrigation were applied when necessary. Application of fungicide
applied against foliar diseases during the growing season.

There were three treatmen :

: ! ts each replicated five times. Eight lots

com . es. Eight p
prised one replication. The random complete block design was used. The

treatments are the ?:osmzm“ -
T
reatments Rate Application
Method

T~ Untreated (farmers
y W.BQSV - “
2~ T. koningii straj
ningii strain (Pure  Half part of pure culture  Soil drenched
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T, ~ T. koningii strain (Pure  Half
; 1all part of pure cyf
oz_azm 5..33 in petri plate/ 16 | um.“ca
Ty~ T. koningii strain (in Iths/hole er
rice
hull substrate)

WJ__ Qﬂﬂjn—uﬂa

Basal

The N.:a}e&%sﬁ?:sw: strain o.___eaa in rice hull was applied as
three weeks before planting for both application methods. For pure cyj asal
a 10-day old culture of T koningii strain was used to prepare aun .(wwﬂ:w ! woy
This was further mixed to a liter water solution and was Bsﬁ wqau\ngm:
capacity sprayer provided with a mesh cloth. The solution was ?a?wm_smu.mw
liter water and sprayer tank mixed before application. This was applied ;ia
planting holes using a fine spray nozzle. One spray load %Eoﬁsmax 8.,&‘\3
250 planting holes. Chicken manure was applied at the rate of 3 onsha ?ﬁ
weeks before planting, except for the untreated plots which was applied two weeks
after transplanting the cabbage seedlings. Inorganic fertilizer triple-14 at 5 sacks
are was applied on Trichoderma koningii strain treated plots. while Il
ectare were applied to the untreated plots. The reduction of
14 was based on preliminary studies conducted prior © this

«©

per hect
sacks of T-14 per h
inorganic fertilizer t-

study.
DATA GATHERED

rvest the whole plants were removed from the soil

cored for disease severity. Twenty
plicate. The disease rating indices

1. Disease severity. At ha
and roots were cutoff washed and s
samples were taken from each treatment re

used is describe below:

Scale Description

I Normal roots

3 Minor lateral root clubbed .0.3 cm
diameter

5 Major lateral root clubbed , 1-2 cm
diameter

7 Moderate root clubbed on tap root

9 Severe clubbed on roots and

dvance infection

decaying/ed due 0 3

2. Disease control (%). This was determined by using the scale below:
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Disease rating in untreated

1. Yield (tons/ha). The weight and the number of cabbage heads were
recorded.

RESULTS AND DISCUSSION

Table 1 shows the effect of the treatment methods based on the clubroot
disease severity. Significantly, lower disease severity was obtained from the basal
application of Trichoderma in rice substrate with score of 2.26 or minor lateral
clubbed root, 0.5 cm diameter, compared when applied as drenched using pure
cultured of T. koningii strain with 4.41 or almost more lateral roots are clubbed.
The highest disease severity was from the untreated plots with score of 8.80
equivalent to severe clubbed roots and are decaying due to advance infection.

Table 1. Disease severity rating as affected by treatments.

Treatment Mean
T, — Untreated g8’
Ty- Trichoderma Pure culture ( in PDA) 4.41°
T; - Trichoderma in rice hull substrate 2.62°
V% n0___

Means from the same letter do not differ significantly at 5% level DMRT

The Philippine Journal of Plant Industry -

Fig. 3. Severity of clubroot on cabbage plants

Percentage control of clubroot disease severity on cabbage plants as affected
by the treatments are presented in Table 2.

There were significant differences observed in the control of clubroot
discase as affected by the greater percentage Qw.No.x..v obtained from the
application of Trichoderma grown in rice hull substrate m%.__& as basal compared
with the application as soil drenched with 57.92%. This could be due 0 the
Trichoderma that was able to colonized in the roots of the cabbage and Q_saw.
cabbage and inhibit the development of the causal organism Plasmodophora
brassicae. This conforms to the observations of Hartman (2004) that only when
Trichoderma is able to colonize the roots of diseased plants caused by soilborne
pathogen that it is effective. The results suggest that considering the initial disease
severity rating of 7.00 to 9.00 both Trichoderma treatments significantly
suppressed the incidence of clubbing on cabbage roots at different levels but the
application as basal is more effective.

Table 2. Disease control (%) of clubroot severity infection on cabbage.

(

Treatment Mean
T
ol 000 |
I w.?@@.N 23.3 Pure culture (in PDA) 57.92°
n<.x_. MIngii strain in rice hull substrate 72.20°
Means from e 2425

or
" the same letter do not differ significantly at 5% level DMRT
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Yield of Cabbage Heads

Table 3 presents the weight of cabbage heads. The hi :
tons/ha was obtained from 7. koningii strain cultured in :._M“wm__um_m_ﬂ w“wm_ﬁms 0f 26,33
as basal but comparable when applied as drench producing 20.03 ﬂozm\wms pplieq
T. koningii strain pure culture. Numerically, however the application of w from e
as basal produced heavier weights of cabbage heads. The lowest was 3 g Koningi
derived from the untreated plots. The differences in yield could be mzzm 8 tons/hy,
clubroot disease severity as shown in Table 2. Cabbage heads Eo%oo% w& o
untreated plots are relatively small, with loose leaf heads and others sm_mm_ sm

an

eventually die during the growing period.
Based from the study. the application of r. koningii can increase yield of

cabbage to about 5 to 7 folds.

Table 3. Weight of marketable cabbage heads at harvest (tons/ha),

Treatment Mean
T - Untreated 0%
T; - Trichoderma Pure culture (in PDA) 20.03°
T; - Trichoderma in rice hull substrate 26.33*
CV% 18.15

Means from the same letter do not differ significantly at 5% level DMRT

Study 3. ON-FARM EVALUATION OF T. KONINGII STRAIN AGAINST CLUBROOT
DISEASE OF CRUCIFERS

RATIONALE
derma has been

The use of biological control agents such as the Trichoder s
demonstrated to combat ~ soilborne pathogens. They have the capacity 0 m °
oorganism can be E_Em B

ar 10

<. [t does not appear = =
and kill many fungh,
ooks and Baker

different environmental conditions thus the micr
different soil, crops climate and technological n.ioammm
pathogenic to any plants, however it can parasitize, control .
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the resistance or {0
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OBJECTIVES

1. To verify the effectiven
. ess of T. koningii strain in i
against clubroot  disease in farmers mom s L Substrat
2. To compare .Sm effect of T. koningii strain and fungicide
Pentachloronitrobenzene against clubroot disease of crucifers

METHODOLOGY

The on-farm trial was conducted in the major cruci g
severely infected with clubroot disease. The mxvoa__saa ﬂmwmommﬂ”ﬁ_w_m mms_m
sites situated in the Municipality of Buguias, Benguet in Barangay Loo M:wé
sitio Bad-ayan. The farms were previously planted to heading lettuce and cabba: _H
respectively. Each farm had an area of about 300 sq m each. =

; The land was thoroughly prepared consisting of 7 plots each per treatment
replicate measuring 1 X 5 sq. meters. Prior to planting, both farms were applied
with chicken manure directly in the planting holes with rate of 4 tons per hectare.
During hilling-up urea and triple -14 were applied in T, while only triple-14 was
applied in To. Chinese cabbage variety WR 65 days was planted in sitio Bad-ayan
while cabbage variety Scorpio was planted in Barangay Loo, respectively. The
Chinese cabbage was directly seeded on the prepared mounds while the cabbage
was transplanted 45 days after sowing. All cultural management E»Q.aa.sma
520302& such as irrigation, weeding and insecticide application against insect

est. . .
: There were three treatments each replicated four times. The aa_o.a_.N&
complete block design was used in the study. The treatments Were the following;
Treatment Dosage
T, - Untreated ot 4
| tbs/ planting hole

T, - Trichoderma koningii strain
(cultured in rice hull

substrate) .
15~ ?:S%_oaaqocaﬁo:o 4 ths/16 1i water

: : ; nure
ith the Trichoderma Was mixed with %_o_mam Hma_u\
hile PCNB was tank mixed and applie

planting.

The plots applied W
three weeks before transplanting W
in the planting holes one day before trans

A‘

:\,a _ZSS..J
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The
pata ni__e‘&"
o] and final soil pH. Soil samples were collected at random before
I. _____“_m:m. and during harvest. The soil was analyzed courtesy by the
mhowmx >m3%ma§_ Company.
; verity (%) Assessment was done by uprooting twenty
5 ENMNMM monmcgmm and Chinese cabbage heads from each treatment
szo%o:. Roots were cut and washed. The scale used was the same as
in study 2.

3, Yield (tons/ha)- Weights of cabbage and Chinese cabbage heads were
" taken at harvest and computed in tons/hectare basis.

RESULTS AND DISCUSSION

Between the treatments, the application of T. koningii strain significantly
suppressed clubroot infection and percent control on cabbage and Chinese cabbage
with mean rating indices of 3.80 to 4.00 or major lateral root clubbed, 1-2 cm

ot clubbing 0.50 cm diameter (Table 1). The

diameter to almost minor lateral ro
application of PCNB had a higher mean score of 6.35 and 5.64 and moderate

roots clubbed on tap root. The untreated had a disease a score of 8.55 t0 9.00 or
severe root clubbing with decayed roots.

Significantly, percentage disease control was higher from T. koningii of
about 56% (cabbage) and 54% ( Chinese cabbage) compared to PCNB  with 30
and 28%, respectively.

.ﬁ_o mechanism for the higher percentage control of the clubroot disease
M@é:a\ from the Trichoderma treatment could be due to a level of inhibition of the
evelopment of the pathogen by the beneficial microorganism.
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Table 1. Disease severity and percent control of clubro
ot
treatments s affected by e

Disease severity
Treatment Loo Bad-a
Rating % Rating A wﬂ%
. €
disease contro|
control
T, - Untreated 8.55° 0.0  9.00° 0.0
T, - Trichoderma .
3.80° 56 4.10°
i 4
Pentachlonitrobenzene 6.35" 30 664 28
CV% 26.28 21.30

Means from the same letter do not differ significantly at 5% level DMRT

On soil pH, the application of Trichoderma in both locations irrespective of
the crop was raised to 6.50 (cabbage) and 5.80 (Chinese cabbage) from the initial
of 4.0 and 4.08, respectively. The PCNB application has also raised the soil pH in
both farms but very minimal from the initial of 4.0 and 4.08 to 4.70 to 4.80 at
harvest which suggest that the soil is still acidic (Table 2).

According to the findings of Porth et al., (2004) and Howard et al., (2007)
one of ﬁo most documented treatment for clubroot is raising the pH of soil with
sw %E_om:o: of T. koningii strain. They further claimed T. koningii strain acts
8.: Sa_ﬁ._onﬂ. When the pH of soil is raised up to 7.2 or from very acidic to
w__m_:_« acidy or m__s_ap this create an unfavorable environment for the pathogen,
M%\m.__woq by emeu::m.:_n release of the zoospore thereby suppressing the
saw_wmm the disease paving the way for the availability of nutrient to be use by
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The Phi
ple 2 soil pH pefore planting and after harvest
Table 2
\\\ Location
: Loo, Buguias Bad-ayan,
Treatments Buguias -
Cabbage Chinese cabbage
Initial final Initial final
T « Untreated 4.00 4.30 3.88 4.10
Ty Trichoderma 4.00 6.50 4.08 5.80
koningii
strain
T 4.20 4.70 4.00 4.80
1m=$o=_o:m:ocmﬁw=n

sents the yield of the vegetable

Table 3 pre
from the application of Trichode

cabbage was obtained
put comparable to 22.40 tons/hectare from

weights 0 . .
comparable t0 PCNB with mean wel

respectively. The untreated plots plante
3.35 tons/ha and 6.70 tons/ha from Chinese cabbage.

The results show that there is
severity to yield, the lower the infection r
and vice versa. This maybe
from the treated plots compare
hindering the passage of nutrients.

Table 3. Mean Weights marketable cabbage and Ch

due to the translocation of nutrients
d to untreated with severe cl

crops. Heavier weights of
rma with 27 tons/hectare
PCNB treatment. Similarly, heavier

f Chinese cabbage heads from the Trichoderma treatment but was
ghts of 38.12 and 29.78 tons/hectare,

d to cabbage produced heads weighing

a direct relationship of the clubroot disease
ate the higher the weights of the crops

within the roots

ubroot infection

inese cabbage heads

~(tons/ha)
Treatment Cabbage Chinese
cabbage
T, - Untreated 3.45¢ 6.70°
T, - Trichoderma in rice hull 27.95° 38.12°
substrate
T; - Pentachlonitrobenzene 22.40% 29.78®
CV (%) 18.30 24.20
t 5% level DMRT

Means from the same letter do not differ significantly a
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Based from the economic anal Yery

. 'si s
disease had a higher return on cash ySis the use of Trichode

0 . rma apat
€ v againg
Xpense with 167% com g 5_532

164 %. The result is due to heavier wej pared
. : er weights of ca o0 1o PONg
in plots applied to Trichoderma :,%m_m 4). eabbage and Chiness Cabbage _,MMM_M
Table 4. Economic Analysis of cabbage
Cost of Production U s L
ntreated T koningiiin  Pentachloroni
rice hull Pronitrobenzene
Labor Cost 18355.44 18,355.44 18,355.44
Cost of Inputs 3513600 5777100 44.166.00
Tools and 650000  6,500.00 6.500.00
quipments
TOTAL 59971.44 82,606.44 69,001.44
Gross Return 25,098.00 220.805.00 162,960.00
Net Income (-34,872.69) 138,198.56 93,958.56
Return of Cash 167.30% 136.17%
Expense (ROCE)
Table 5. Economic analysis of Chinese cabbage
- Treatment
Cost of Production ) Untreated | Trichoderma Pentachloronitrobenzené
_ in rice hull
| Labor Cost 1724144 | 1724144 17,241.44
| Cost of Inputs [ 36,002.00 | 59,097.00 43,122.00
Tools and 6,500.00 6,500.00 6,500.00
Equipments
| TOTAL [ 59,743.44 | 82.838.44 66,863.44
| Gross Return [ 36,850.00 | 219,190.00 163,790.00
| Net Income [(:22.893.44) | 136,351.56 96,926.56
Return of Cash 164.60% 144.96%
Expense (ROCE)
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; 59

philippin Journal o/ Plant Industry
The PHE
CONCLUSION

o hull i the most potent substrate for the culture of Trichoderma
The rice

: eratures ranging from 21-22°C Eo%&o: the amiaca
=mah _Hmus_ﬂ 30 days after inoculation under ambient condition m:.a
ranging from 26 -30°C under plastic house. Although it
(98.18%) it was the most favored among the siX

unt of 6.
S

days at temperature
%:row 4" in terms of profit

ma- . . %3 . ) . -
w__cm:w_%_m am%om:o: trial, the application of T. koningii strain grown in rice hull

i inst clubroot disease of cabbage at 1tbs/ per planting
o N%ﬂ_\mm Mmmw_www__ MM__,_:W@ three weeks before planting markedly registered
i a_xmms index of 2.62 equivalent t0 minor lateral root clubbed, 0.5 om
_%M:H:Mw ,:mo application as soil drenched using a 10-day old spore 863 applied
. ﬁanmammooao:.p_oq am_.o:maa:ooﬁ clubbed 1-2 cm.

pefore planting ob : be
meoaa. qmm untreated had the highest with a score of 8.8 or severe roots

lubbed. . . ,....
: On percentage control, T. koningii strain applied as basal significantly

suppressed the disease infection compared when 5«. same Was %w:mm zs soil
drenched with 72% and 57%, respectively. Further, yield obtained wo.s ,%.m basal
method produced heavier weights of marketable cabbage heads of 25.33 tons ha
and 19.00 tons/ha when applied as drenched. The yield of 3.28 tons per hectare
was from the untreated. .

Results from on-farm evaluation, Trichoderma koningii strain cultured n
rice hull applied at 1tbs/ planting hole mixed with the chicken manure three weeks
before planting was raised from very acidic to moderately acidic (4.0 and 4.08 to
6.50 and 5.90) in both experimental farms in Loo (cabbage) and Bad-ayan
(Chinese cabbage) .The soil pH taken from fungicide PCNB was raised but it 1s
considered still very acidic (4.20 and 4.00 to 4.70 and 4.80).

Significantly, disease severity of clubroot on cabbage and Chinese Sgﬁm
was suppressed by the Trichoderma treatment in both locations with rating
indices of 3.80 and 4.10 or major lateral roots clubbed to almost minor lateral
roots clubbed. The application of fungicide registered relatively higher clubroot
infection but relatively lower compared to untreated plots W ith means of 6.35 and
5.64 and 8.5 to 9.00 or almost moderate clubbing of tap root and severe root
clubbing and decaying of roots, respectively. o

On percentage disease control, the application of T koningii strain in rice
hull obtained higher with 56% (cabbage) and 54% (Chinese cabbage) while 30%
and 28% in that order from the application of fungicide PCNB.

. Iwmsaq weights of cabbage and Chinese cabbage heads was from the
application of 7' koningii strain with 27.95and 38.12 tons/ha, respectively

spore col
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which were com
parable to the wei
The lowest wei weights of 22.4¢
i %a:ﬁw& and 6.70 tons/hectare snammMswwos% from pe
Trichoderma :omaam_o% cights of cabbage and Chines [ Fiiog- zgzm
31 oit-very mom&ons oMca be mﬁ_.gaa to the effect Mw o%gmm@ from _“__Hg
wlists: il the oveer mm<o~“.w\ Mﬂﬂu_w _moa_.o making the :5:.«%“”5.0_3%@ of wom,_w
; : v
nutrients from the roof crops € clubroot disease leading to the Hmsmﬂoo M@ the
. al _03 o%

Recommendation
Based on the results of the study the following are recommend d
ed:

I. Rice hull could be us
: ed as alternative subst i
Nﬁm&.«%& because it can produce the Bmx_.aswmmo o”s ﬁ.:o Sy
Mog_m:o: at temperatures ranging from 21 - Bo% :MM% MMN.% =ik
i . lent iti
%ﬂﬂm_., ﬁ__a. maximum spores could be obtained in a shorter um:.o_w MOﬂM_M_o=.
; culation when these are stored under temperatur i 4
o p es ranging from 26 to
2 Tyi KAt :
me%mmﬁa msq.oms in rice hull applied as basal at 10 grams/per planting hole
g Ma_ﬁﬂ oM: manure three weeks before planting is recommended.
e %. i can suppress clubroot disease severity of crucifer crops by

Future Plans

1. To continu
: e mass production istributi i
M:,_m clubroot disease infected mawsa dephatag oot
- To continue testing th al
: e potential of the mi i i .
e . em
ch bacterial wilt of potato, Fusarium of mz.%”wwmv\ms_ma e e

gen
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Table 1. Cost of Production of Trichodermaq Substrates (1 liter < 20,
A. Operation Activity %)
. Preparation of media | mandays
a. Sterilization 365,00
b. Isolation
2. Preparation of substrate 2 mandays
. Packing 730.00
2. Sterilization
3. Inoculation
B. Cost of Inputs
1. Agar (18gx 3) 54.00
2. Dextrose 10g x 3 3000
3. Potato 15/kg 375
4. Plastic bags 220 x 3 660.00
5. Rubber band 220 x 0.17 37.50
6. Tissue 10.37
7. Denatured alcohol 25.00
8. Rubbing alcohol 1625
9. Detergent 5.00
10.Match 0.50
11.Electricity 200.00
C. Tools and Equipment
1. Inoculation chamber 3,000.00
2. Alcohol lamp 50.00
Total 5,187.37
Fine Rice Bran =72.6 kg x P15/kg=1,089.00 + 5,187.37 =
6,276.37 =
Coarse Rice Bran =72.6 kg x Pl4/kg=1,016.40 + 5,187.37
6,203.77 7=
Rice Hull =72.6kgx P 2/kg= 145.20+5, 87.3
5,332.57 37=
Mushroom Compost =72.6kg x P4/kg= 29040 +5,187
3,5471.17

Chicken Manure =726kg x P3kg= 217.80+5 18737~

5,405.17
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-BASED Managemen’ of C ,
:Ei&s .o oas |
. =242kg xP 4kg | =7 “_
Compost .
M S356TT_py2kg xPIkg T = 728
3 re
joken Manu’® - =24.2kg
MMMM: soil (1:1:1)
= Php 11.000.00
hoderma Substrate = Php 50.00/bag X 220 bags p
i (4
price of Trich®
i j substrate u
Table 2. Economic analysis of Trichoderma |
Total Cost of Gross Net Income ROCE _
ﬁ\\\mﬂgﬂwﬂ\ i Return |
Production __ = —
FRiceBran |  6,276.37 11,000.00 ﬁwéw 26°
o w_moo bran 6,203.77 11,000.00 4,796.23 77.31 \M
mmwm%:: 5,332.57 11,000.00 5,667.43 106.28 % |
i 2 547777 | 1100000 | 552223 | 100.81%
Compost ” -
Chicken Manure 5,405.17 11,000.00 | 5.594.83 | 10351%
Mushroom
i 00 5,643.63 105.36 %
Chicken Manure + 5,356.37 11,000. J
Garden Soil

"Price of Trichoderma substrate/kg Ph 50.00 x 220 bags = Ph 11,000.00

Table 3. Cost of production of cabbage (One hectare)

L. COST OF PRODUCTION
A. Labor Cost
Man — Hour** Value (P)
T 350.08
0 218.80
20 437.60
20 437.60
m 3,150.72
&3 1,487.84




s .
7. Care and maintenance of plants

9. Grading and packing
Sub-total

B. Cost of Inputs

| T;-(UNTREATED)

w Item
| 1. Seeds

8. Harvesting, trimming and hauling

2. Fertilizers

3. Chicken manure
4. Insecticides

i

5. Fungicides

8 kg @ 480/kg

| 6. Foliar Fertilizer

364/50¢ scorpio
8 sacks T-14 @ 870/sack

: 38400
q 12 kg @ 3007k [
| Sub-total = 2 *é
** Computed at P21.88/man-hour or P 75/man-day ‘_é
T;— (Trichoderma) in rice hull
substrate
1. Seeds 200g @ 364/50g scorpio 1,456.00
2. Fertilizers 4 sacks urea @ 740/sack 2960.00
3. Chicken manure 50 sacks @ 100/sack 5,000.00
4. Insecticides 11,640.00
5. Fungicides 8 kg (@) 480/kg 3,840.00
6. Trichoderma 640 bags @ 50/bag 32,000.00
7. Application of Trichoderma 5 laborers x 175 875.00
Sub-total __ ST
T;- %»:Sn___cqeic.cc&.sﬂa AR
Drench
- ]
1. Seeds 200g (@ 364/50g scorpio MNMMN@
. Fertilier 8 sacksT-14@ 870/sack 500000
3. Chicken manure 50 sacks @ 100/sack 76.20000
4. Insecticides 920000
| 5. Fungicides + PCNB 8 kg (@ 480/kg + 16 kg ;
@335/kg 75000
f 6. Drenching of PCNB 10 laborers x 175/day | u.%o.%
7. Foliar Fertilizer 12 kg @ 300/kg \\E
T o uipment T 1,650.00
~Znts knapsack sprayer T 5000000 —55500
2y~ e 975.00 706000
. 3000 —

1 of Clubroot Disedse of Crucifers 67
1SED Managem”
richode™ o
— 24000 81600|
—  2,500.00 $25.00 |
520.00 | 30@
770.00 260.00 |
700.00 235.00 |
ﬂ
1,500.00 49500 |
Table 4. Gross Returns
“Untreated ___—— ield (k Amount
\j\\\\n\_»\m\\\*\\\\\l _wwnm <m%.momv 8.193.75
ADh —— | 1725.00 | 13.800.00
BN ] 6.00 517.50 3,105.00
- 2o . | 25,098.75
T, - Trichoderma in rice _:___o 5 T LT
0, 5 A _
w..NQ%\w 8.00 5,590.00 | t.NNo,oo
C-10% 6.00 2,795.00 16,770.00 |
[ Tot 220,805.00
Total v
T; - Pentachloronitrobenzene _
Class* Price Yield (kg) | Amount
A-25% 9.50 5.600.00 ” 53.200.00
B-50% 8.00 1120000 | $9.600.00
C-15% 6.00 336000 | 20.160.00
To “, 162,960.00
* 10% provision for unmarketable heads, spoilage and price fluctuations
Table 5, Cost of Production in Chinese cabbage (One Hectare)
1. COST OF PRODUCTION
A. Labor Cost
Oberation/Activ Man - Hour** Value (P)
5 seedbed preparaton 16 350.08
SSoving T 218.80
e ol eollings 2 237.60
4. Construction of plastic structure 20 437.60
- 160 3,500.80
T Ca e _____ 52 1137.76
(8. Harveg, cnance of plants 360 7,876.80
— 70 1,531.60




68

9. Grading and packing

Sub-total

The E:S.E:.z._ Journg;

f Plg,
" Ing,
uy In,

8 T

** Computed at P21.88/man-hour or P175/manday /~ff
) Bm
B. Cost of Inputs /
T, - (UNTREATED) )
Item .
: fm_al__:»[
|. Seeds 200g @ 348/50 Value (p
2. Fertilizers 11 sacks T-14 @ @ %
: 870/sack 9.570.0
3. Chicken manure 50 sacks @ 100/sack /o
4. Insecticides %
5. Fungicides Ske @ 280 1620000
/
i £@ \i_,mu 3,840.00
36,002.00
Ty~ (Trichoderma) in rice hull j
substrate
|. Seeds 200g @ 348/50g 1,392.00
2. mﬂ___una 5 sacks urea @ 740/sack 4,350.00
3. Chicken manure 50 sacks @ 100/sack 5,000.00
4. Insecticides 11,640.00
5. m:.:m_naom 8 kg @ 480/kg 3,840.00
6. ﬂ:nw.&m.:‘s 640 bags @ 50/bag 32,000.00
7. Application of Trichoderma 5 laborers x 175 87500 |
Sub-total 59,097.00
T; - (Pentachloronitrobenzene)
Drench
I Seeds 200g @ 348/50g 139200
2. Fertilizers 11 sacksT-14(@ 870/sack 9,570.00
3. Chicken manure 50 sacks @ 100/sack 500000
4. Insecticides 16,200.00
5. Fungicides + PCNB 8 kg @ 480/kg + 16 kg 920000
. @ 335/kg 0 |
6. Drenching of PCNB 10 Iaborers x 175/day 1,75008_—
Sub-total B12200 —
C. Tools and Equipment \\o\
1. 2 units knapsack sprayer 500000 | \ba\mo\o\ |
2.5 pes rake 975.00 : Nu.%o
310 pes light hoe 3.200.00 10608
2.440,00 8100 _—
A40. — 52500
2,500.00 mmc\
520.00 é\
770.00 \\\Na\oo\
: 0
o0 | B

e
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Trich

495.00
495.00
6,500.00

2,000.00

1,500.00

I

ﬁ%a

inese cabbage)

Table 6. Gross Returns (Chi
T, - Untreated
T Yield(kg) | Amount
7.00 1,675.00 11,725.00
6.00 3,350.00 20,100.00
5.00 1,005.00 5,025.00
36,850.00
T, - Trichoderma in rice hull B
A-50% 7.00 19,060.00 133,420.00
B-25% 6.00 9,530.00 57,180.00
C-15% 5.00 5,718.00 28,590.00 |
Total 219,190.00 “
T; - Pentachloronitrobenzene _
Class* Price Yield (kg) Amount
] 7.00 7,443.00 2.155.00
o0 6.00 14,890.00 34000
m.mm_\.. 5.00 4,467.00 33335.00
163,790.00

¥ 1090 )
10% provision for unmarketable heads. spoilage and price fluctuations

Table 7. Economic Analysis of Cabbage

B —
Cost of Prodyce 4_.2.::2:
uction Untreated | Trichodermain | Pentachloronitrobenzene
%/. rice hull |
%E[ 1835544 | 18,355.44
Tools ang T e Eol | 5777100 44.166.00
| TOTAL —=__1 650000 |  6,500.00 6,500.00
Gross Ry 297144 | §,606.44 69,001 44
_z: T — w,sm 00 | 220,805.00 162,960.00
S 7 Q Q <
M;_:_a o Brpense [ 87269) | 138.198.56 93.958.56
(ROCE) ; 167.30% 136.17%
— —— | L
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