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Abstract | The interactive effect of 5 different soil moisture levels (3%, 5%, 8%, 11% and 15%) with or
without Trichoderma viride as biocontrol agent in controlling black scurf was investigated under controlled
conditions. Data were recorded for disease severity, incidence, tuber weight, number of tubers/plant, fresh root
weight and plant height at the time of harvest of the crop. The biocontrol agent (7. viride) showed lowest dis-
ease incidence (53.73%) and severity (1.27) at 8% moisture level. There was a reduction of 43.33% and 63.29%
over control by 7 viride for disease incidence and severity respectively at this moisture level. The effect of soil
moisture was highly significant and maximum tuber weight was recorded at 15% soil moisture. Both fresh
root weight and plant height were not significantly affected by fungal treatments and moisture levels under
the conditions of the experiment. The biocontrol agent exhibited good results in terms of disease control and
improving yield parameters, between 8 and 15% moisture levels.
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Introduction borne diseases in general and black scurf, caused by

Rbizoctonia solani Kuhn in particular has contributed

Potato, known as the king of vegetables, occupies to lower yield over the past so many years.
a prominent position among the crops, and has

been used as food since long (Kumar ez a/.,2018).Itis  Scurf is the formation of black sclerotia on new-

a major source of food and has various proportions of
carbohydrates, proteins, vitamins, minerals and trace
elements (Malik, 1995). However, the composition
of these nutrients is affected by a number of factors
including cultivar type, temperature, soil moisture
and nutrients (Gould, 1999). Diseases also play an

important role in limiting potato production. Tuber

ly formed tubers. Other disease symptoms include
death of pre-emerging sprouts, cankers on under-
ground stem and stolons, suppressed root system and
formation of sclerotia on progeny tubers. Sclerotia
not only downgrade tuber quality (Jager ez a/., 1991)
but also result in development of malformed tubers.
Since tuber size and number are also affected, yield is
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considerably reduced. Reduction in quality and yield
commonly occurs where cool, moist environment
prevails. Conversely, it is less common or may not oc-
cur where warmer, drier environmental conditions are
the norm (Carling and Leiner, 1990). In view of the
importance of this disease and the concurrent losses,
need for its management persists.

Rhizoctonia diseases are normally managed by cul-
tural practices, such as crop rotation with grains and
methods that minimize prolonged contact of the plant
or tubers with the pathogen. These include planting in
warm and dry conditions to promote rapid emergence
and early harvesting of tubers from the field (Secor
and Gudmestad, 1999). Similarly, use of fungicides
is often recommended when losses are enormous and
when other control measures are not feasible (Rauf
et al., 2007). However, cultural and chemical control
tactics are admittedly not very effective and the dis-
ease remains a persistent problem.

Biological control of diseases has been demonstrated
as an additional strategy providing effective and sus-
tainable management in many situations. It can be an
effective means of control where other measures are
either unavailable or impractical (Tsror ez a/., 2000).
Several microbial antagonists have exhibited potential
for control of R. solani in potato (Ristaino and Papa-
vizas, 1985). Trichoderma viride is one such candidate
(Lin ez al., 1994), which has reportedly reduced black
scurf to 74.5% in a previous study (Schmiedeknecht,
1993). However, antagonistic activities of Trichoder-
ma species are greatly affected by various soil factors
including soil moisture (Griffin, 1972). There are
conflicting reports about the role of moisture in af-
fecting the activities of 7. viride. Low soil water pres-
sure promotes activities of the antagonist and brings
about disease suppression (Knudsen and Bin, 1990).
Conversely, Liu and Baker (1980) demonstrated that
the survival of antagonistic 77ichoderma species was
greater in moist than in dry soils.

Interestingly, soil moisture also affects growth and
sporulation of R. solani (Kouyeas, 1964) and is second
to temperature in influencing the disease (Nagaich ez

al.,1974).

Manipulation of soil moisture to enhance the efhi-
ciency of biocontrol agent and therefore suppress the
pathogen provides a potential practical disease man-
agement strategy. In view of this, the present stud-

ies were designed to test the interactive effect of soil
moisture and 7" viride on disease severity and to in-
vestigate the effect of soil moisture and 7" viride on

yield.
Materials and Methods

Isolation of R. solani Kiihn

Infected potato tubers with symptoms of black scurf
were collected from the local market. The pathogen,
R. solani was isolated from these potatoes tubers as
tollows:

Tuber pieces (1 cm?), bearing sclerotia, were excised
with a scalpel and surface sterilized with 0.1% solu-
tion of mercuric chloride (HgCl) for 30 seconds,
rinsed twice in sterile distilled water and blotted dry
on sterilized filter papers (Whatman # 1). The dis-
infected pieces were then plated on potato dextrose
agar (PDA) medium under aseptic conditions and
later incubated at 25°C until colonies developed. Col-
onies thus formed were subsequently sub cultured for
further studies. Identification was made according to

the key reported by Barnett and Hunter (1972).

Revival of T viride Pers

Colonies of 7" viride (maintained on silica gel) were
revived by plating on sterilized PDA medium, and
later incubating at 25°C for one week. Colonies thus
obtained were used for further studies as biocontrol
agent.

Mass production of I” viride Pers

'The biocontrol agent was grown on wheat bran for
mass production to be used iz vivo studies. Glass jars
(4cm diameter) containing wheat bran immersed in
distilled water (1:2v/v), were autoclaved at 121°C for
1 h. Plugs (1 cm?) of the biocontrol agent were plated
on autoclaved wheat bran and incubated at 25°C for
seven days. Bran subsequently covered with the bio-
control agent was used in greenhouse studies.

Greenhouse study

Treatments were consisted of five different moisture
levels: 3%, 5%, 8%, 11% and 15% with R. solani alone
or in combination with 7 viride. The experiment was
designed as split plot, with soil moisture in main plots
and R. solani either alone or in combination with 7
viride in subplots. Treatments were replicated five
times.
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Soil mixture (clay, sand, FYM 1:1:1w/w) was pasteur-
ized at 75°C for 2 h, air dried on greenhouse benches
for two weeks and then sieved to remove debris and
stones.

Approximately 2kg soil was placed per pot (20cm
dia). Soil was inoculated with R. so/ani @ one plate/
pot alone or in combination with 7" viride. The bio-
control agent was added @ 10 g/pot. Inoculation was
performed 24 h before sowing, and soil mixed thor-
oughly in order to obtain a uniform bulk density as
well as mixing of inoculum and the biocontrol agent.

Seed pieces of cv. Desiree, washed twice to remove
dust and other contaminations, were left in a plas-
tic tray for green sprouting in the greenhouse for
two weeks prior to sowing. The sprouted tubers were
planted in pots at a depth of 6cm. Based on different
treatments; soil moisture was adjusted in each pot ac-
cording to the equation (Ajmal ez al., 2001):

[Soil moisture (%) x Dry soil wt.]
100

Wet soil wt. +pot wt. = + [Dry soil wt. + Pot wt. ]

The pots were weighed daily till harvest and water
added to maintain the desired moisture level. Urea @
3g / pot was added following one month of sowing.
Plants were maintained on greenhouse benches under
natural daylight and temperature.

At harvest plant height from soil surface to the tip of
the apical bud was recorded. Plants were cut near the
soil surface and discarded. The underground portion
of each plant was removed carefully from the soil,
washed in running tap water, blotted dry and weighed.
Tubers dug out from each pot were counted and lat-
er weighed using an electric balance. Disease severity
was based on a 0 to 5 scale (Ajmal e a/.,2001) where
0= no symptoms on tubers; 1=less than 1% area af-
fected; 2= 1-10% affected; 3=11-20% area affected;
4=21-50% area affected and 5 = 51% or more area
affected.

Disease incidence was calculated using the equation.

Numbers of infected tubers

Di incid o) =
sease incidence (%) Total number of tubers

Data were statistically analyzed using statistix 8.1
software. For comparing means, LSD was applied
wherever significant differences were observed among
means.

Results and Discussion

Soil moisture and biocontrol agent had a significant
interactive effect on disease severity, incidence, and
tubers/plant. Similarly, a highly significant main ef-
tect of moisture levels was observed on tuber weight.
On the other hand, there was no significant effect of
either moisture levels or biocontrol agent on plant

height and fresh root weight.

Disease severity

A significant (P=0.004) interactive effect of the fun-
gal treatments and moisture levels on disease sever-
ity was observed. Application of biocontrol agent in
pots maintained at 8% moisture level resulted in the
least disease severity (1.27) (Table 1). A similar trend
was observed in pots maintained at 11% moisture
and inoculated with a combination of the pathogen
and biocontrol agent (2.22). There was a reduction of
63.29% and 32.31% over control by 7. viride at 8%
and 11% moisture levels, respectively.

Disease incidence

A highly significant (P=0.0007) interactive effect of
the fungal treatment and moisture levels on disease
incidence was observed. Application of biocontrol
agent in pots maintained at 8% moisture level result-
ed in the least disease incidence (53.73%) (Table 1).
A similar trend was observed in pots maintained at
15% moisture and inoculated with a combination of
pathogen and biocontrol agent (73.33%). There was
a reduction of 43.33% and 9.84 % over control by 7
viride at 8% and 15% moisture levels, respectively.
Surprisingly, the lowest disease incidence (52.73%)
was observed in pots maintained at 3% moisture level
and unamended with the biocontrol agent.

Number of tubers per plant

A significant (P=0.04) interactive effect of the fun-
gal treatments and moisture levels was observed on
number of tubers/plant (Table 2). Application of
biocontrol agent in pots maintained at 11% moisture
level resulted in maximum number of tubers per plant
(6.8). There was an increase of 52.94 % tubers/plant
over control by 7 viride at 11% moisture level.

Tuber weight

Moisture levels had highly significant (P=0.01) effect
on tuber weight. The maximum tuber weight (54.31g)
was obtained at 15% and minimum (12.48g) at 3%
moisturelevel. Potatoesgrownat15% moisture had 77%
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Table 1: Effect of soil moisture alone or in combination with Trichoderma viride on disease severity and % disease

incidence of black scurf of potato.

Soil moisture level (% by wt.) Fungal treatment Disease severity % Decrease Disease incidence (%) % Decrease
3 R. solani 1.35 DE 40.78 52.73 D 44.49
R. solani + T viride ~ 2.28 C - 95 AB -
5 R. solani 2.10CD 15.66 90 AB 3.57
R. solani + T viride ~ 2.49 BC - 93.33 AB -
8 R. solani 3.46 A - 95AB -
R. solani + T viride 127 E 63.29 53.73 D 43.33
11 R. solani 3.28 AB - 98.75 A -
R. solani + T viride ~ 222 C 32.31 80.40BC 18.58
15 R. solani 225C 8.16 81.33 BC =
R. solani + T viride  2.45 C = 73.33 C 9.84

LSD (P=0.004) for disease severity = 0.79; LSD (P=0.0007) for disease incidence = 16.50
LSD (P=0.04) for number of tubers per plant= 1.694; Means followed by different letter (s) in the same column are significantly different
Jfrom one another according to Least Significant Difference (LSD) test.

Table 2: Effect of soil moisture alone or in combination —more tuber weight than those at 3% moisture lev-
with Trichoderma viride on number of tubers/plant in el (Figure 1). None of the fungal treatments had an

potato. effect on tuber weight. In addition, interaction be-
Soil moisture  Fungal treatment Numberof % In- tween soil moisture and fungal treatments were also
level (% by wt.) tubers /plant crease non-significant.
3 R. solani 4.22 BC 28.91
R solmiis Tuiride 3@ - Fresh root weight and plant height
5 R. solani 26C _ Both fresh root weight and plant height were not sig-
R. solani + T wviride 2.6 C 0 nificantly affected by fungal treatments and moisture
g R solani 4B C 5 levels under the conditions of experiment. Likewise,

interactive effects were not significant. Generally, the

R. solani + T. viride 3.8 BC - . ; . .
effect of soil moisture levels was inconsistent over the

11 R. solani 32C -
] o course of study.
R. solani + T viride 6.8 A 52.94
15 R. solani 6.4 A 18.75 Biological control of R. solani has much potential for
R. solani + T viride 5.2 AB - disease management; though there are several prob-

lems with its practical implementation (Cook and
Baker, 1983). Similarly, soil moisture condition in
field greatly affects biocontrol of plant diseases (Grif-
fin, 1972). Soil moisture may increase microbial ac-
tivity and may have been associated with suppression
of pathogen activity through competition (Gill ¢z al.,
2001). It may also significantly affect the health of

potato crop.

The present studies revealed that sclerotial popula-
tion or disease severity responded differently at dif-
terent moisture levels in the presence or absence of
biocontrol agent. Likewise 7 viride was eftective over
a broad range of soil moistures. Lowest disease sever-

Figure 1: Effect of different soil moisture levels on potato tuber ity was observed at 8% moisture level in the presence

weight. . . . .
LSD (P =0.01) = 16.85; Bars with different letters are significantly of biocontrol agent. "There was a hlgheSt reduction in

different according to Least Significant Difference (LSD) test. disease severity over control was performed by 1’ vir-
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ide at this moisture level. It may be attributed to the
greatest efficiency of Trichoderma species in moist soil
(Liu and Baker, 1980). However, at higher moisture
level (15%), a lower reduction in disease severity over
control was observed. It may be due to the reason that
moist soil remained cool for longer period of time,
which could have resulted in increased severity of
black scurf (Powelson ez a/.,1993). Similarly the least
disease incidence was also recorded at 8% moisture
level with biocontrol agent and at 3% moisture lev-
el without biocontrol agent indicating that 7" viride
probably could not thrive under such low moisture
conditions (Liu and Baker, 1980). Similar findings
have also been reported by Ajmal ez a/. (2001) who
observed lowest incidence and severity of the disease
at 8.45% soil water pressure followed by 5.63% soil
water pressure in their study on the effect of soil water
pressure on the severity of black scurf in potato. In a
study on the effect of soil moisture and fumigant in
controlling damping off of peas Donald ez a/. (1970)
also obtained the most effective control in moderately
moist soil (10% water) than wet (37%water) or very
dry soil (2%water).

Reduction in yield at low soil moisture level may be
attributed to depletion of soil moisture than normal
quantity without its replenishment. Growth slows
down and may even cease with a 10% decrease in wa-
ter content (David, 1993). On the other hand, higher
yield at high moisture level was due to the availability
of sufficient moisture for the growth of plants. This
also allowed the plants to withstand disease at all
growth stages.

'The biocontrol agent favored maximum number of
tubers per pot. This may have been due to lower dis-
ease severity and incidence at these moisture levels.
Similarly, sufficient moisture was also available for
proper growth.

'The highest fresh root weight was achieved at com-
paratively higher moisture level up to a point but de-
creased with further increase in moisture. The results
are in agreement with those of Dorrance ez a/. (2003)
who demonstrated that root weight in soybean was
greater with more stands at 50% and 75% than at 25
or 100% water holding capacity.

Conclusions and Recommendations

In light of the findings of the present studies, it can

be inferred that the interactive effect of soil moisture
and Trichoderma viride on control of black scurf was
most effective at 8% moisture level. There was no in-
teractive effect of biocontrol and moisture on yield.
'The highest yield was obtained at 15% moisture level.
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