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        Abstract 

The present study was undertaken with an objective to determine the impact of climatic variables on the population of 
Trichoderma sp. in the rhizosphere of black pepper. Rhizosphere soil samples were obtained from pepper plantation at a 
monthly interval for one year. Trichoderma sp. population were assessed at monthly interval along with weather 
parameters from  July, 2015  to June,2016. The number of Trichoderma sp. were maximum in July and lowest in June. 
The correlation between weather parameters on the population of Trichoderma sp. revealed that the population increased 
with an increase in rainfall and relative humidity, whereas it decreased by an increase in temperature. The results of the 
present studies showed that climatic variables affect the population of Trichoderma sp. in the rhizosphere of black pepper. 
However, further studies are needed to confirm it. 
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Introduction 
Among the spices, black pepper (Piper nigrum L.) 
is an important spice in Kerala. Rao (2011) 
conducted a study on the impact of climate on the 
black pepper of Kerala and found the black pepper 
highly susceptible to climate change. Black pepper 
needs humid and warm climate. Excess rainfall 
followed by an extended dry period is harmful for 
the growth and yield of black pepper in Kerala 
(Rao, 2003). There are several useful 
microorganisms present in the plant rhizosphere of 
black pepper to help the plant overcome the impact 
of climatic variables. Anandaraj (2000) reported 
that in the rhizosphere of black pepper have many 
antagonistic microorganisms belonging to 
Trichoderma and Gliocladium . Rita Noverizaa and 
Tricita H. Quimio (2004) also reported that 
Penicillium, Paecilomyces and Aspergillus were the 
most dominant in the rhizosphere of black pepper. 
In the process of mitigation of abiotic stresses in 
plants by soil beneficial microflora, microbial 
community are also influenced by changes in 
weather and microclimatic parameters. Abiotic 
stresses affect the productivity of plantation crops 
as well as the microbial activity in soil. Extreme 
conditions such as prolonged drought, intense rains, 
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high temperatures, frost and low temperatures 
significantly affect plants and soil microorganisms. 
Nguyen et al. (2018) reported that the deleterious 
effects of prolonged drought on plant productivity 
was due to negative impact on microbial abundance 
and community structure which reduced the 
nutrient availability. Trichoderma species are 
effective biological control agents against several 
soilborne diseases (Lumsden et al., 1995). In 
general, Trichoderma spp. are favored by acid soil 
conditions (Papavizas, 1985), but a few fungal 
isolates of Trichoderma koningii (Tk) and 
Trichoderma harzianum (Th) were also highly 
effective in the alkaline black soil. The moist soil 
conditions appeared to be more favorable for the 
activity of Tk and a greater percentage of the 
antagonist was recovered from the straw that had 
been incubated in the moist soil. The lower 
recovery of Trichoderma koningii Tk in the wet soil 
compared to the moist soil could be due to greater 
antagonism by bacteria that flourished under the 
wet conditions (Wong et al., 2002). Fusarium 
pseudograminearum (Fp) in wheat straw was 
reduced significantly (P < 0.05) when it was 
sprayed with BM1 isolate of Trichoderma koningii 
(Tk) in acid and red soil, when incubated for 4 
months at two temperatures (15°C and 25°C) and at 
three water potentials (–0.03 MPa. –0.3 MPa and < 
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–50 MPa) (Papavizas, 1985). The high reduction of 
the pathogen in the moist soil (–0.3 MPa) compared 
with the wet soil (–0.03 MPa) at both temperatures 
might be due to greater colonization of the straw by 
Trichoderma koningii Tk. At 25°C in the moist soil, 
the pathogen was eliminated from the straw pieces 
after 6 months and replaced by Tk. In air-dry soil (< 
–50 MPa), Fp survived in 100% of the straw pieces 
even after 6 months at either temperature. 
Trichoderma sp. is a popular biofungicide in 
Kerala. Change in the weather parameters affect the 
growth and yield of black pepper and also the 
rhizosphere microflora of black pepper. On perusal 
of literature, it was observed that there are no 
studies conducted in Kerala on correlation between 
climatic variables and the population of 
Trichoderma sp.  Hence, the present study was 
undertaken to determine the impact of climate 
variables on the population of Trichoderma sp. in 
the rhizosphere of black pepper. 
 
Materials  and Methods 
Twelve healthy black pepper plants were randomly 
selected, and the rhizosphere soil samples were 
collected at monthly intervals from Panniyur-1 
variety black pepper garden maintained at Kerala 
Agricultural University,Thrissur, Kerala. The 
Trichoderma sp. were isolated from each soil 
samples for a period of one year at monthly 
intervals by serial dilution and plate count method 
using TSM Agar medium (Kale et al.,2018). The 
plates were incubated at 28±20C for 5-7 days. The 
samples were enumerated for Trichoderma sp at 
monthly interval. Temperature, rainfall, relative 
humidity, soil temperature and soil moisture 
content were determined at monthly intervals for 12 
months period.  
The Population of Trichoderma for each month 
were analysed using WASP.2 software. The 
population of Trichoderma sp. obtained during 
twelve months were correlated with the recorded 
weather parameter. 
 
Results and Discussion 
During the study period, a total of three isolates of 
Trichoderma sp. were obtained. The population of 
Trichoderma sp. was less during the twelve months 
period. The highest population of Trichoderma was 
recorded in July 2015 (table 1), when ambient 

temperature was 26.9 oC. It is apparently clear that 
27 to 30 oC was the favourable temperature for the 
growth of Trichoderma sp. In an earlier study, 
Singh et al. (2014) reported that Trichoderma sp. 
showed best growth  at a temperature range of 25°C 
to 30°C which is in agreement with the present 
studies. Moreover, Gupta and Sharma (2013) also 
reported that the optimum temperature for 
Trichoderma harzianum was between 25 to 30 oC. 
As there was less rainfall during July, 2015 (510.1 
mm) leading to less soil moisture content, the 
growth of Trichoderma sp. was good which might 
be due to its tolerant nature to drought conditions .  
 
Table 1: Population of Trichoderma sp. in the 
rhizosphere soil of black pepper from July, 2015 to 
June, 2016 

Months Trichoderma sp.  (x101 Cfu g-

1) July, 2015 36.6 (2.534a)** 
August, 2015 26.6  (2.360a) 

September, 2015 a 
October, 2015 a 

November, 2015 a 
December, 2015 a 

January, 2016 a 
February, 2016 a 

March, 2016 a 
April, 2016 a 
May, 2016 a 
June, 2016 6.3 (1.778b) 

**Logarithmic transformed values are given in the 
parentheses 
a: absent 
 
In an earlier study,the population growth rate of 
Trichoderma reached its highest level in the 
presence of plants under conditions of water deficit. 
The mutualistic interaction under water deficit 
condition between wheat and T. harzianum 
(Donoso et al., 2008) facilitated in mitigation of the 
effect of drought on plant. In the present study, the 
Trichoderma sp. was able to tolerate water stress 
which might be due to either mutualistic association 
with plant or water uptake through extensive 
mycelial network. Saprophytic growth of 
Trichoderma sp. increased with soil moisture 
content in sterile soil, with a growth optimum at 
70% soil water holding capacity (WHC). The lesser 
saprophytic growth was obtained at soil moisture 
contents below 20% WHC (Wakelin et al.,1999).  
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Table 2: Weather parameters in the rhizosphere of black pepper at monthly interval 
 

Month Soil temperature (oC) Rainfall (mm) Relative humidity (%) 

July, 2015 26.90 510.1 86.16 

August, 2015 27.35 320.8 85.14 

September, 2015 27.80 248.2 84.11 

October, 2015 28.30 203.8 82.35 

November, 2015 27.70 151.2 77.32 

December, 2015 27.80 88.3 67.40 

January, 2016 28.10 23.8 58.80 

February, 2016 29.40 11.4 61.10 

March, 2016 30.75 9.8 69.40 

April, 2016 31.00 25.8 73.20 

May, 2016 29.10 270.7 86.90 

June, 2016 25.75 
 

654.7 92.80 

 
The least population was found in June 2016 (table 
2). The population of Trichoderma was obtained 
only in July (2015), August (2015) and June 
(2016).The weather parameters in the rhizosphere 
region of the host plant were recorded at 30 days 
interval for one year from July 2015 to June 2016. 
Temperature was found to be maximum in April 
2016 and minimum in June 2016. The relative 
humidity was found to be increasing with the 
increase in rainfall during the study period. In a 
similar study, Umoh et al. (2013) reported a 
positive correlation of relative humidity with the 
rainfall in their studies. 
The weather variables were subjected to correlation 
co-efficient with the number of Trichoderma sp. to 
determine the impact of weather variables on the 
Trichoderma sp. population in the rhizosphere. The 
investigations revealed that the number of 
Trichoderma sp. was high with increase in rainfall 
and relative humidity but the population decreased 
with an increase in ambient temperature (table 3). 
Earlier study has reported that majority of  
the Trichoderma strains are mesophilic and the 
competitive colonization of strains such as T. 
harzianum was highest when the temperature was 
lower than the optimum temperature for growth in 
vitro and its saprophytic ability was more between 
15°C to 21°C (Eastburn and Butler, 1991). In the 
present study, as the temperature increased, there 
was a decrease in the population which is in  

 
 
agreement with the results. However, the 
population of Trichoderma increased with increase 
in rainfall and humidity which have the ability to 
tolerate both biotic and abiotic stresses by multiple 
beneficial effects on plant growth and stress 
tolerance (Chepsergon et al., 2014)  
 
Table 3: Correlation of population of Trichoderma sp. 
with the weather parameters 
 

Parameters Correlation coefficient of 

population of Trichoderma sp. 

Rainfall 0.594* 

Relative humidity 0.434* 

Air temperature -0.458* 

 
*Correlation significant at 1% level 
 
Conclusion 
The population of Trichoderma sp. (366.0 cfu/g) 
increased with more rainfall and relative humidity, 
but the population was severely affected due to 
increase in ambient temperature. The studies 
demonstrated that the changes in weather variables 
around the black pepper affect the population of 
Trichoderma sp. significantly. 
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