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INFLUENCE OF PROCESS PARAMETERS ON CELLULASE
PRODUCTION BY Trichoderma viride (MTCC 800) EMPLOYING
SOLID STATE FERMENTATION

P. R. KAKDE and S. C. AITHAL *

Department of Microbiology, Dnyanopasak College,
Swami Ramanand Teerth Marathwada University (SRTMU), Nanded-431 606
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ABSTRACT

In this study, the effect of physico-chemical parameters on the production of cellulase
from Trichoderma viride (MTCC 800) were examined using five different agricultural residues
namely banana peel, groundnut shell, corn cob, sugarcane bagasse, and pigeonpea stalk. The
process parameters examined were pretreatment method, supplementation media, initial media
pH, incubation period, temperature, and leaching agent. Among the parameters studied, maximum
cellulase production was obtained on all the substrates treated with 1 N H,SO, supplemented with
Mandel’s medium of pH 5.5-6 after 6-8 days of incubation at 30-36°C and 0.05 M phosphate

buffer (pH 7.0) as a leaching agent.

Keywords: Agricultural biomass, Biofuel, CMCase, FPase, Optimization.

INTRODUCTION

Fossil energy, the chief source of energy
used by human beings needs to be replaced
with sustainable energy due to the drawbacks
of fossil fuels such as limited resources and
negative impact on the environment (Ge and
Li, 2018). As a result, renewable energy in the
form of biofuel has gained enormous interest
in recent years (Sindhu et al., 2019).
Cellulases are the enzymes that completely
hydrolyze cellulose present in lignocellulosic
biomass into smaller monomeric sugars, such
as glucose that has several biotechnological

applications including the production of
biofuels (Guerriero et al., 2016).

Solid-state fermentation (SSF) is a
cost-effective approach for cellulase
production, however, in developing a
successful SSF process it is essential to
the effect of significant

fermentation process parameters. Therefore,

investigate

in the study, we examined the effects of
process parameters, viz.
concentrations

pretreatment
methods, of acid for
pretreatment, incubation period, temperature,

moistening agent, initial pH, and various

*Corresponding Author E-mail i.d: shiva.aithal@rediffmail.com; Ph.D. Thesis submitted to Swami Ramanand

Teerth Marathwada University, Nanded
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leaching agents for cellulase production
employing the SSF technique by Trichoderma
viride (MTCC 800) using agricultural biomass.
Substrates were finalized after proximate and
compositional analysis of several agricultural
residues collected from the farms nearby the
Parbhani district of Maharashtra (India) in our
earlier studies (Kakde and Aithal, 2021).

MATERIALS AND METHODS
Microorganism and Culture Conditions

Pure culture of T. viride (MTCC 800)
selected for cellulase production was procured
from Microbial Type Culture Collection and
Gene Bank (MTCC), CSIR-Institute of Microbial
Technology, Chandigarh, India.

Substrates and SSF for
production

cellulase

Agricultural substrates used included
banana peel (BP), groundnut shell (GS), corn
cob (CC), sugarcane bagasse (SB), and
pigeon pea stalk (PPS). Each selected
substrate (5 g) was taken in a sterile petri dish
and inoculated with 0.1 mL spore suspensions
(108 spores/mL-suspension) of T. viride. A
sterile Mandel’s medium of pH 5.0 was used
as a supplementation medium to adjust the
moisture content to around 70% (wet basis)
for all the substrates. Inoculated plates were
incubated at 30°C for six days under stationary
conditions (Kakde and Aithal, 2021).

Enzyme extraction and assay

Cellulase enzyme was extracted and
assayed as per the methodology mentioned
in our earlier study (Kakde and Aithal, 2021).
The Carboxymethyl cellulase (CMCase) and
filter-paperase (FPase) activities were

expressed as Units per mL (U/mL) where 1 unit
(U) of CMCase and FPase was the amount of
enzyme that releases 1 umole of glucose from
Carboxymethyl Cellulose (CMC) and Whatman
filter paper (FP) respectively for every minute
under standard assay conditions.

Upstream and downstream process
optimization

The effect of various pretreatment
methods such as steam, hydrochloric acid
(HCI), sulfuric acid (H,SO,), and sodium
hydroxide (NaOH), various concentrations of
sulfuric acid were evaluated for cellulase
production. Pretreatment of lignocellulosic
agricultural residues was done as described
in our earlier reports (Kakde and Aithal, 2020).
For the thermochemical pretreatment, the
powdered agro-residues were autoclaved at
121°C, 15 psi for 60 min. Similarly, chemical
pretreatment was carried out by soaking the
substrates in 1 N HCI, H,SO,, and NaOH
solution, and substrates not subjected to any
pretreatment method were termed as
‘untreated’. After pretreatment, the samples
were thoroughly washed up to neutrality and
allowed to dry.

Furthermore, the influence of upstream
process parameters such as incubation time
(2-10 days), temperature (24-42°C), moisture
(distilled water, mineral water, minimal medium,
Mandel’s medium, and nutrient solution), pH
(4.5-6.5), and downstream process parameter
like leaching agents (distilled water; 50 mM
citrate buffer, pH 4.0; 50 mM citrate buffer, pH
5.0; 50 mM sodium citrate buffer, pH 6.0; and
50 mM phosphate buffer, pH 7.0) were
observed.
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RESULTS AND DISCUSSION

Influence of pretreatment and various
concentrations of sulfuric acid

Results of pretreatment method and
various concentrations on the production of
cellulase by T. viride are as depicted in Figure
1. Cellulase activities were determined using
Carboxymethyl-cellulase (CMCase) and filter-
paperase (FPase) assay. CMCase activity
represents the amount of endoglucanase
whereas filter-paperase (FPase) activity is the
measure of total cellulase activity i.e.
endoglucanases, exoglucanases, and [3-D-
glucosidases. As mentioned by Batool et al.
(2015), among the various assays used to
estimate total cellulase activity, filter paper
assay is the most common assay
recommended by the International Union of

Pure and Applied Chemistry (IUPAC).

The maximum cellulase activity was
observed with H,SO, treated substrates with
exception of SB where maximum production
was achieved in the steam-treated substrate
that produced 0.97 U/mL CMCase and 0.23 U/
mL FPase activities in contrast to the H,SO,
treated SB where cellulase activity of 0.91 U/
mL and 0.12 U/mL in terms of CMCase and
FPase respectively were obtained.

Comparing all the employed
pretreatment methods in the present study,
substrates treated with NaOH showed the
lowest enzyme activity. In the case of H,SO,
treated substrates, the highest CMCase (1.49
U/mL) and FPase (0.37 U/mL) activity was
reported in PPS followed by GS, CC, and BP.
Findings in the present study are in agreement
with the findings of our earlier work where
increased production of cellulolytic enzyme was

noted in sulfuric acid-treated agro-residues by

16 = BP

mCC mGS oSB =PPS

Cellulase activity (U/mL)

I

Untreated Steam

CMCase FPase CMCase FPase CMCase

FPase CMCase FPase CMCase FPase
H2504 NaOH

Pretreatment method

Fig. 1. Influence of pretreatment method on cellulase production by T. viride
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Fig. 2. Influence of H,SO, concentrations on cellulase production by T. viride

T. viride and T. longibrachiatum (Kakde and
Aithal, 2020).

Once the effective pretreatment method
for enhanced cellulase production was found,
the next step of the investigation was to
determine the effect of various concentrations
of sulfuric acid on enzyme production. From
the Fig. 2, it can be stated that the lower
concentrations of acid were inefficient in
increasing the susceptibility of the substrates
to enzymatic hydrolysis as
concentrations yielded more enzyme activity.

higher

Among all the substrates, the maximum
CMCase activity of 1.49 U/mL and FPase
activity of 0.28 U/mL was noted in 1 N H,SO,
treated PPS followed by GS, CC, BP, and SB.
These results are in agreement with the
reports of the maximum production of total
cellulase from B. subtilis K-18 in 1% H,SO,
treated Sacharum spontaneum by Ghazanfar
et al. (2018).

Influence of supplementation media and
initial pH

Supplementation media used in the
SSF process of cellulase production is an
important parameter determining the success
of any SSF technique since it maintains
adequate moisture along with providing all the
essential nutrients for enzyme production.
Among the five supplementation media used,
Mandel’s medium produced maximum cellulase
in all the substrates. The highest cellulase
production was reported in PPS (CMCase 1.59
U/mL; FPase 0.34 U/mL), followed by SB
(CMCase 1.52 U/mL; FPase 0.33 U/mL), GS
(CMCase 1.39 U/mL; FPase 0.31 U/mL), CC
(CMCase 1.26 U/mL; FPase 0.25 U/mL), and
BP (CMCase 1.03 U/mL; FPase 0.22 U/mL) as
depicted in Fig. 3. Distilled water also
supported microbial growth and enzyme
production. The lowest enzyme production was
noted in substrates supplemented with nutrient
solution. Results are in accordance with the
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i

Cellulase activity (U/mL)

il

Distilled water Mineral medium

CMCase FPase CMCase FPase CMCase

Supplementation media

[mBP BCC mGS oS8 weps|

1

Mandel's medium Minimal medium Nutrient solution

Fig. 3. Influence of supplementation media on cellulase production by T. viride

work of Saini et al. (2017) and Darabzadeh
et al. (2019) who used Mandel’s medium for
supplementation during cellulase production.

pH is one of the crucial physical
parameters affecting microbial growth and
metabolism (Abatenh et al., 2017). Thus, the

effect of various pH of supplementation media
on the production of cellulase by T. viride
was studied between the range of 4.5 to 6.5
(Fig. 4).

The highest CMCase and FPase
production on BP (0.41 U/mL and 0.25 U/mL),
CC (0.70 U/mL and 0.15 U/mL), and SB (1.47

08 4

Cellulase activity (U/mL)

o6

o2

0.0
CMCase FPase CMCase FPase CI

il !L i“l’wl

45

[‘@BP ocC mGs oss -Pps|

il Im |m

MCase FPrase CMCase FPase CMCase FPase
55 6 65

pH

Fig. 4. Influence of initial pH on cellulase production by T. viride
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U/mL and 0.24 U/mL) was found at pH 6
whereas on GS (0.28 U/mL and 0.20 U/mL) and
PPS (0.69 U/mL and 0.27 U/mL) it was reported
at pH 5.5. These results of maximum cellulase
production at the acidic pH are in agreement
with the fact that fungi are mostly acidophilic
(Dey and Roy, 2018).

Influence of incubation period

Cellulase production was analyzed by
incubating the inoculated petri plates at various
time intervals (2 to 10 days) and it was detected
that enzyme production progressively
increased with an increase in incubation period
with maximum production after eight days as
shown in Fig. 5. The subsequent decline in
enzyme production was observed beyond the
peak incubation period. The results revealed
that on BP and CC as substrates, the highest
enzyme production was reported on the 8™ day
followed by the 6%, 4", 10", and 2"9, whereas,
on GS, SB, and PPS, the peak enzyme

production was reported on the 6" day. Among
all the five substrates, maximum cellulase
production CMCase 0.74 U/mL and FPase
0.13 U/mL was noted on BP. Nehad et al.
(2019) reported the maximum cellulase
by
decumbens after incubation for six days.

production fungus Penicillium

Influence of incubation temperature

Every enzyme-mediated metabolic
process possess an optimal temperature and
thus, temperature is one of the important
physical parameter contributing to the proper
microbial growth and their survival (Abatenh
et al., 2017). The optimal temperature for the
cellulolytic enzyme production by T. viride
MTCC 800 in the present study was determined
by studying the enzyme production between
the ranges of 24°C, 30, 36, and 42°C. As
depicted in Figure 6, on BP, GS and PPS as
substrates, maximum production CMCase 0.63
U/mL; FPase 0.13 U/mL, CMCase 0.21 U/mL;

=

Cellulase activity (U/mL)

CMCase FPase

i

FPase

CMCase
2 4

mBP OCC mGSs

OSB mPPS |

)

CMCase

6
Incubation period (days)

FPase CMCase FPase CMCase FPase

lit..

10

Fig. 5. Influence of incubation period on cellulase production by T. viride
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Fig. 6. Influence of incubation temperature on cellulase production by T. viride

FPase 0.10 U/mL, and CMCase 0.53 U/mL; FPase 0.23 U/mL respectively was obtained at
FPase 0.15 respectively was reported at 30°C 36°C.

whereas on the substrates CC and SB,
maximum production of CMCase 0.51 U/mL;
FPase 0.17 U/mL and CMCase 0.53 U/mL;

Different experiments were performed on
varying incubation temperatures ranging from
20 to 50°C. The obtained results in the current
study were in accordance with the findings of

i BEF OCC mGS OSB ']‘1’5|
L

Cellulase activity (U/mL)

LER

CMCase FPase CMCase FPase CMCase FPase CMCase Frase CMCase Frase

Distilled water Sodium citrate buffer (pH 4.0) Sodium citrate buffer (pH 5.0) Sodium citrate buffer (pH 6.0) Phosphate buffer (pH 7.0)

1 hing agent

Fig. 7. Influence of leaching agent on cellulase production by T. viride
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Nehad et al. (2019) who reported the maximum
cellulase production at 30°C.

Influence of leaching agents

The solvent screening experiments in
the present study were conducted using
leaching agents such as distilled water, sodium
citrate buffer (pH 4.0), sodium citrate buffer
(pH 5.0), sodium citrate buffer (pH 6.0),
phosphate buffer (pH 7.0). As depicted in Fig.
7, the highest cellulase activity was reported
with phosphate buffer of pH 7 as an extraction
solvent on BP (CMCase 1.03 U/mL and FPase
0.17 U/mL) followed by SB (CMCase 0.73 U/
mL and FPase 0.15 U/mL), CC (CMCase 0.71
U/mL and FPase 0.19 U/mL), PPS (CMCase
0.70 U/mL and FPase 0.19 U/mL), and GS
(CMCase 0.55 U/mL and FPase 0.14 U/mL).
Earlier, Nathan et al. (2014) have used
phosphate buffer (pH 6.8) for eluting cellulase
enzyme from T. viride VKF3.

CONCLUSIONS

The study investigated the effect of
physico-chemical parameters on cellulase
production by T. viride (MTCC 800) under the
SSF technique. From this study, it can be
concluded that all the five agricultural residues
used as substrates were capable of supporting
cellulolytic enzyme production and can be
utilized for industrial purpose. Sugarcane
bagasse produced higher cellulase with 1 N
H,SO, treated substrate supplemented with
Mandel’s medium (pH 6) after 6 days of
incubation at 36°C leached using 0.05 M
phosphate buffer (pH 7.0). The study is
important since estimating the influence of
physico-chemical parameters is crucial for
enhanced cellulase production. The effect of

the process parameters was positively
confined to pretreatment method, incubation
temperature, incubation period, pH, moisture,
and leaching agent indicating the enhanced
cellulase activity achieved at their optimal level.
The results obtained in this study confirmed
the potential of T. viride to utilize lignocellulosic
agro-residues that can be significant for large-
scale production of cellulase.
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ABSTRACT

One hundred and sixty germplasms of mungbean (Vigna radiata (L.) Wilzeck.) were evaluated
during rabi 2020-21 for yield and its eight contributing traits to study the nature of correlation along
with path analysis studies. The seed yield contributing traits viz., number of pods per plant, number of
seeds per pod, plant height, number of branches per plant, number of clusters per plant, test weight
and days to 50 percent flowering showed significant positive correlation with seed yield; pod length
was the only trait which showed non-significant positive association with seed yield in the study.
Partitioning of the correlation coefficients of various components upon seed yield into direct and
indirect effects revealed that number of pods per plant had high direct effect followed by number of
seeds per pod. Highly significant correlation coefficients of all the characters were mainly due to the
indirect effects of number of pods per plant followed by number of seeds per pod. This study revealed
the importance of the traits such as number of pods per plant, number of seeds per pod, plant height,
number of branches and clusters per plant in the crop improvement of mungbean crop.

Keywords: Correlation, Mungbean, Path analysis, Seed yield

INTRODUCTION high-quality protein which can be used for
Mungbean (Vigna radiata (L.) Wilczek) consumption as whole grains, dhal, or sprouted

believed to be native crop of India broadly form and is an excellent combination to rice in

cultivated throughout Asia, including India respect to balanced human nutrition. In addition

Pakistan, Bangladesh, Sri Lanka, Thailand, to being the prime source of human food and

Laos, Cambodia, Vietnam, Indonesia, Malaysia, animal feed, it plays an important role in
South China and Republic of Formosa (Mohan
Naik et al., 2020). This short duration legume

crop can be grown in varying seasonal

maintaining the soil fertility by improving the soil
physical properties and fixing atmospheric
nitrogen. In the human diet, particularly for most

conditions, later expanded its cultivation to the of the vegetarian population, mungbean a

USA, Australia and Africa. Mungbean contains legume, is a cost-effective and environment

*Corresponding Author E-mail id: n.harisatyanarayana@angrau.ac.in
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friendly source of protein (20.97-31.32%) and
it provides a major amount of proteins (240 g
kg') and carbohydrates (630 g kg™') and a range
of micronutrients in human diets. (Rane et al.,
2021). The total cropped area of mungbean is
about 7 million ha, with a total production of 5
million tons worldwide (Nair et al., 2019).
Rajasthan, Maharashtra, Madhya Pradesh,
Karnataka, Orissa and Bihar are the majorly
mungbean growing states of India; and the area
has increased from 4.25 to 4.58 million hectares
and in the same way production has also
increased from 2.41 to 2.51 million tonnes during
2019-20 as compared to the previous year. The
production has increased from 0.53 million
tonnes in 1965-66 to 2.51 million tonnes in 2019-
'20. (IIPR, 2021).

Seed yield is a complex character and is
dependent on number of component characters.
Correlation coefficient analysis measures the
mutual relationship between plant characters and
determines the component characters on which
selection can be based for improvement in yield.
If the association between two characters is
considerably positive, it will increase the rate of
genetic advancement, while the negative
correlation will decrease the genetic
improvement progress after selection for the
character. Path coefficient analysis gives an idea
about the contribution of each independent
character to the dependent character, i.e. seed
yield in this study. Since, the mutual relationship
of component characters might vary both in the
magnitude and direction, it may tend to vitiate
the association of dependent character with the
component characters. It is, therefore, necessary
to partition the correlation coefficients of the

component characters into their direct and
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indirect effects on the dependent character. In
the present investigation, association of various
plant, pod and seed characters with economic
yield was determined by studying the correlation
and direct / indirect effects of these characters
on seed yield.

MATERIALS AND METHODS

The investigation was conducted at
Regional Agricultural Research Station, Lam,
Guntur with 160 genotypes of mungbean
(genotypes of Andhra Pradesh (103), Tamilnadu
(13), Maharastra (10), Uttar Pradesh (7), New
Delhi (7), Telangana (4), Odisha (4),
Uttarakhand (3), Chattishgarh (2), Haryana (2),
Rajasthan (2), Gujarat (2) and Punjab (1))
during rabi season, 2020-'21. The experiment
was laid out in augmented design. Each genotype
was grown in a single row of 4m length with inter-
row spacing of 30 cm x 10 cm. All recommended
management practices were followed during the
crop period. Observations were recorded on
days to 50 percent flowering, plant height,
number of branches per plant, number of clusters
per plant, number of pods per plant, pod length,
number of seeds per pod, test weight, and seed
yield per plant. Correlation coefficients and Path
analysis were calculated as per standard
procedures.

RESULTS AND DISCUSSION

Crop improvement programmes depends
to a large extent on availability of sufficient
variability and association among different
characters which are the pre-requisite for
executing an effective selection programme.
Seed yield, being a complex quantitative trait, is
dependent on a number of component
characters. Therefore, knowledge of association
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of different components together with their
relative contributions has immense value in
selection.

The estimation of correlation coefficients
among different characters were presented in
Table 1. The traits viz., number of pods per plant
(0.966), number of seeds per pod (0.564), plant
height (0.562), number of branches per plant
(0.555), number of clusters per plant (0.531),
test weight (0.330) and days to 50% flowering
(0.199)
association with seed yield (Fig. 1). In this study,

had shown significant positive

pod length is the only trait which showed non-
significant positive association with seed yield.
These results corroborated with the findings of
Garje et al. (2014), Eswaran and Senthil (2015),
Anand et al. (2016), Kate et al. (2017), Jadhav
et al. (2019), Ahmad and Belvel (2020), Dhunde
etal. (2021), Sineka et al. (2021) and Thirumalai
and Murugan (2021).

The trait number of pods per plant also
showed significant positive association with days
to 50 percent flowering (0.161), plant height
(0.574), number of branches per plant (0.570),
number of clusters per plant (0.583), number of
seeds per pod (0.353) and test weight (0.317).
Similarly, the character, number of seeds per pod
also recorded significant positive correlation with
days to 50% flowering (0.232), plant height
(0.286), number of branches per plant (0.218),
number of pods per plant (0.353), pod length
(0.216) and test weight (0.196). Likewise, plant
height also depicted significant positive
association with days to 50% flowering (0.379),
number of branches per plant (0.168), number
of clusters per plant (0.415), number of pods per
plant (0.574), number of seeds per pod (0.286)
and test weight (0.180).

12

The trait number of branches per plant
equally showed significant positive association
with plant height (0.168), number of clusters per
plant (0.568), number of pods per plant (0.570),
pod length (0.286), number of seeds per pod
(0.218) and test weight (0.156). Similarly, the
character, number of clusters per plant also
recorded significant positive correlation with plant
height (0.415), number of branches per plant
(0.568), number of pods per plant (0.583) and
pod length (0.317). Likewise, test weight also
depicted significant positive association with plant
height (0.180), number of branches per plant
(0.156), number of pods per plant (0.317) and
number of seeds per pod (0.196). Pod length
which showed non-significant positive correlation
with seed yield, however, recorded significant
positive association with number of branches per
plant (0.286), number of clusters per plant
(0.317) and number of seeds per pod (0.216).

Path coefficient analysis (Table 2 and Fig.
2) revealed that the trait, number of pods per
plant (0.8901) had high positive direct effect on
seed yield followed by number of seeds per plant
(0.2560). These two traits had also recorded
strong significant positive correlation with seed
yield per plant than other characters. The high
positive correlations for most of the characters
in this study were due to the high indirect effects
through number of pods per plant. These results
are in confirmation with the findings of Lukman
Hakim (2008), Garje et al. (2014), Eswaran and
Senthil (2015), Anand et al. (2016), Ahmad and
Belvel (2020), Dhunde et al. (2021), Sineka
et al. (2021) and Thirumalai and Murugan
(2021). High positive indirect effects of number
of pods per plant on days to 50% flowering
(0.1434), plant height (0.5110), number of
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branches (0.5069), number of clusters (0.5185),
number of seeds per pod (0.3146) and test
weight (0.2819) was the main cause for positive
association of these traits with seed yield per
plant revealing the effect of number of pods per
plant on all these traits. Likewise, number of
seeds per pod also showed positive indirect
effects on all the traits under study when
compared to rest of the other characters. The
residual effect is low (0.101) indicating
appropriateness of characters chosen.

CONCLUSIONS

This study has elucidated the importance
of number of pods per plant and number of
seeds per pod which showed highly significant
positive correlation combined with high positive
direct effects on seed yield and positive indirect
effects on all other traits for seed yield.
Concentrating on these traits in selection
process along with plant height, number of
branches per plant, number of pods per plant
will help in mungbean crop improvement program
to evolve high yielding varieties which will benefit
the mungbean growing farmers.
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ABSTRACT

The experiment was conducted at Regional Agricultural Research Station, Lam, Guntur
during kharif 2019-20 to estimate the losses due to major fungal foliar diseases including Alternaria
leaf spot, Corynespora leaf spot and grey mildew in two BG |l hybrids and one straight variety of
cotton. Two sprays of propiconazole @ 0.1% were applied at 60 DAS and 75 DAS; third spray
with metiram + pyraclostrobin @ 0.1% at 90 DAS and final spray of carbendazim @ 0.1% were
applied at 105 DAS. Disease observations were recorded to assess the severity of fungal foliar
diseases of cotton in protected and unprotected plots. Percent increase in unprotected plots
varied from 64.65 to 84.95, 85.77 to 87.12 and 70.59 to 78.40 when compared to plots protected
for Alternaria leaf spot, Corynespora leaf spot and grey mildew, respectively. Yield data in protected
and unprotected plots revealed that percent seed cotton yield loss of 16.14 in Jaadoo BG I,
20.34 in RCH 2 BG Il and 26.28 in L 1060. The highest ICBR was obtained for Jaadoo BG I
(26.61) when compared to RCH 2 BG Il (19.95) and L 1060 (19.46).

Key Words: Alternaria leaf spot, Cotton, Corynespora leaf spot, Grey mildew, Yield losses

INTRODUCTION number of foliar diseases throughout the
Cotton is an important commercial crop season. Among the fungal diseases, Alternaria
in India with a production of 371 lakh bales of '@l spot/blight, grey mildew and rust cause
170 kg lint from an area of 129.57 lakh ha and
a productivity of 487 kg ha' in 2020-2021,
which is far behind the leading countries.
Andhra Pradesh stood 8™ in area (5.24 lakh
ha) and production (18.0 lakh bales) but 3 in
productivity (584 kg ha') (ICAR-AICRP on

Cotton, 2021). Cotton crop is affected by a

economic losses in the range of 26.59% -
34.05% under congenial conditions (Monga
et al., 2013). Foliar sprays with carbendazim
(0.1%) at 15 days interval prevented yield
losses of 38.38% due to grey mildew
(Bhattiprolu, 2012). Propineb (0.21-0.28%)
was superior in managing Alternaria leaf spot

*Corresponding Author E-mail i.d: roshanbabask49@gmail.com; M. Sc. thesis submitted to Acharya N.G.
Ranga Agricultural University, Guntur
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and increasing cotton yields by 31.56%
(Bhatttiprolu and Prasada Rao, 2014). Both
at 500 ml ha
propiconazole (0.1%) were effective against

kresoxim methyl and
important foliar diseases and protected the
crop against Alternaria leaf spot, bacterial
blight (Bhattiprolu, 2015).
Corynespora leaf spot has dominated

and rust
Alternaria leaf spot in recent years and
emerged as major leaf spot in cotton.
Estimated yield losses due to target spot in
selected cultivars (Deltapine 1050 and
Phytogen 499) exceeded 336 kgha' seed
cotton (Conner et al. 2013). Lint yield loss due
to target spot on apparently susceptible cotton
cultivar had been estimated to be as high as
484 kg lint/ha (Hagan et al., 2015).Cultural and
morphological variability of Corynesporacas
siicola(Berk. and Curt.) Wei. causing target
spot of cotton was studied (Mohan Venkata
Siva Prasad et al., 2021). In view of the

economic importance,the field trial was

conducted to estimate yield losses due to
these diseases.

MATERIALS AND METHODS

A field experiment was conducted during
kharif 2019-20 at Regional Agricultural
Research Station, Lam, Guntur, Andhra
Pradesh. BG Il hybrids viz., Jaadoo and RCH
2 along with straight variety, L 1060 were sown
in two bulk plots of each by adopting a spacing
of 105¢cm x 60cm, on 26.07.2019. In protected
plots, both insecticides and fungicides were
applied, whereas, in unprotected plots only
insecticides were applied. In protected plots,
four sprays of fungicides were imposed to
reduce the disease severity. Based on the in
vitro studies, fungicides were selected for field
application. Two sprays of propiconazole @
0.1% were applied at 60 DAS and 75 DAS; third
spray with metiram + pyraclostrobin @ 0.1%
at 90 DAS and final spray of carbendazim @
0.1% were applied at 105 DAS. Isolation

Scale Per cent of leaf area infected
0 No infection
1 Few spots of less than 2 mm size, leaf area covering less than 5%
2 Spots of 3 mm size, covering 6-20% of leaf area
3 Spots of 3-5 mm size, irregular in shape, coalesce and covering 21-40% of leaf area.
4 Spots covering more than 40% of leaf area

Per cent disease reduction over control was calculated by using the following formula.

PDI in unprotected plot — PDI in protected plot

PDC=

X100

PDI in unprotected plot

The per cent yield loss in seed cotton yield was calculated by using following formula.

Yield in protected plot — Yield in unprotected plot

Yield loss =

X 100

Yield in protected plot
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distance was maintained between the plots to
avoid chemical drift. Observations were
recorded to assess the severity of fungal foliar
diseases in protected and unprotected plots
of these entries.Data on disease severity was
recorded from 10 randomly tagged plants, from
each plot at weekly intervals. Per cent Disease
Index (PDI) of each fungal foliar disease was
calculated by using the following formula:

Sum of individual disease ratings
PDI = x 100

Number of leaves scored x
Maximum disease rating

Diseases severity was assessed using
standard disease rating scale (Sheo Raj,
1988).

Data on PDI of Alternaria leaf spot,
Corynespora leaf spot and grey mildew and
seed cotton yield was subjected to t-test
analysis to compare protected and unprotected
plots.

RESULTS AND DISCUSSION
Alternaria leaf spot

The disease was observed from
vegetative to boll maturity stage in all the three
entries. Corynespora leaf spot progressed
from flower initiation to harvesting stage
whereas grey mildew and rust developed
during boll bursting and picking stage. Data
on severity of Alternaria leaf spot was collected
starting from the first appearance of disease
in both protected and unprotected plots. The
severity of Alternaria leaf spot, after each spray
in protected plot was compared with that of
unprotected plot. The incidence of Alternaria
leaf spot declined after frequent rainfall in

19

August and September (i.e., after second
spray).

Occurrence of Alternaria leaf spot in
Jaadoo BG Il was noticed at 43 DAS with 1.50
PDI in unprotected and 2.25 PDI in protected
plot. At 60 DAS, when the disease reached to
5.23 PDI in unprotected and 6.12 PDI in
protected plot, fungicide spray was initiated in
protected plot. In protected plot 6.95 PDI was
recorded after first spray, whereas in
unprotected plot it was 9.28 PDI. After second
spray PDI was 5.03 in protected while it was
11.85 in unprotected plots. Disease severity
(PDI) decreased to 3.65 in protected plot after
the third spray, as against 10.33 in unprotected
plot (Table 1).

In RCH 2 BG Il Alternaria leaf spot was
first observed at 47 DAS with 1.25 PDI in
unprotected and 1.75 PDI in protected plots.
Fungicide spray was initiated at 60 DAS after
the disease attained 7.00 PDI in unprotected
and 6.50 PDI in protected plots. In protected
plot 6.53 PDI was observed after the first
spray; whereas, in unprotected plot it was
8.25. After second spray PDI was 4.08 in
protected and 9.50 in unprotected plot. In
protected plot 2.13 PDI was recorded after
third spray, whereas, 8.08 PDI was observed
in unprotected plot (Table 1).

Alternaria leaf spot in L 1060 was
observed at 51 DAS with 1.00 PDI and 1.25
PDI in unprotected and protected plots,
respectively. At 60 DAS, when the disease was
6.50 PDI in unprotected and 7.25 PDI in
protected, fungicide spray was initiated.
Protected plot recorded 5.98 PDI after first
spray; whereas, unprotected plot showed 7.78
PDI. After second spray, disease severity was
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3.95 PDI in protected as against 8.05 PDI in
unprotected plot. Disease severity decreased
to 1.05 PDI in protected plot after third spray,
whereas in unprotected plot 6.98 PDI was
recorded (Table 1).

Per cent excess in ALS in unprotected
plot over protected plot ranged from 64.67 to
84.96 (Fig. 1); t- test analysis data for Jaadoo
BG Il, RCH 2 BG Il and L 1060 indicated a
significant difference in PDI of Alternaria leaf
spot between protected plot and unprotected
plot in all sprays.

Corynespora leaf spot

In Jaadoo BG Il, Corynespora leaf spot
was observed at 55 DAS with 2.5 PDI in
unprotected plot. At the time of first spray (60
DAS) protected plot recorded 10.25 PDI and
unprotected plot showed 10.00 PDI. Disease
decreased to 9.50 PDI, after first spray, in
protected plot and to 10.58 PDI in unprotected
plot. After second, third and fourth spray PDI
in protected plot was 8.08, 6.50 and 5.00
whereas in unprotected plot PDI was 15.08,
27.05 and 35.1, respectively (Table 2 and
Fig. 2).

At 55 DAS, in RCH 2 BG IlI,
Corynespora leaf spot was 3.50 PDI in
protected plot while 4.00 PDI in unprotected
plot. In protected plot, 7.25 PDI was observed
at the time of first spray (60 DAS) whereas 8.00
PDI in unprotected plot. Protected plot
recorded 7.93 PDI after first spray and in
unprotected plot showed 9.08 PDI. Disease of
7.50, 6.28 and 5.50 PDI was recorded in
protected plot after the second, third and
fourth spray while 17.10, 26.30 and 40.70 PDI
in unprotected plot (Table 2 and Fig. 2).
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Corynespora leaf spot in L 1060, at 55
DAS was 4.00 in protected while 4.25 PDI in
unprotected plots. In protected plot, 6.75 PDI
was recorded at the time of first spray (60 DAS)
whereas 7.25 PDI in unprotected plot. After first
spray PDI was 8.35 in protected and 10.50 in
unprotected plot. Disease after second, third
and fourth spray was 7.30, 6.10 and 5.45 PDI
in protected while in unprotected plots, 17.58,
32.18 and 42.30 PDI, respectively (Table 2 and
Fig. 2).

Per cent excess in Corynespora leaf
spot in unprotected plot over protected plot
among three cultivars was 85.77 to 87.12
(Table 2 and Fig. 1). In all the three cultivars,
t- test analysis indicated significant difference
in the PDI of Corynespora leaf spot between
protected plot and unprotected plot in all
sprays.

Grey mildew

As Grey mildew appeared at boll
maturity stage only one spray was applied in
protected plot. Grey mildew appeared at 99
DAS in Jaadoo BG Il with 2.75 PDI in protected
while 3.25 PDI in unprotected plots. At the time
of spray, i.e., at 105 DAS, PDI was 4.25 and
9.75 in protected and unprotected plots,
respectively. After the spray, PDI in protected
reduced to 2.98 as against 13.78 in
unprotected plot. At 111 DAS, grey mildew
appeared in RCH 2 BG Il with 1.00 PDI in
protected and 2.50 PDI in unprotected plot.
1.75 PDI was recorded in protected plot at the
time of fungicide spray while 2.75 PDI in
unprotected plot. In protected 1.00 PDI was
recorded after fungicide spray, whereas, in
unprotected it was 3.40 PDI. In L 1060, grey
mildew appeared at 115 DAS with 1.00 PDI in
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protected, whereas, 2.25 PDI in unprotected
plot. After fungicide spray, protected plot
recorded 0.48 PDI and unprotected showed
1.63 PDI (Table 3 and Fig. 1). Per cent excess
in grey mildew in unprotected plot over
protected plot among cultivars was 70.55 to
78.37 (Table 2 and Fig. 1) in all the three
cultivars. The t- test analysis indicated
significant difference in the PDI of grey mildew
between protected plot and unprotected plot
(Table 3 and Fig. 1).

Propiconazole inhibits the formation of
critical fungal cell membrane ergosterols,
primarily by blocking the action of 14-a-sterol
demethylase, thus reduced fungal infections
in protected fields. Similarly carbendezim
inhibits sterol biosynthsispathway in fungi
(Nene and Thapliyal 1973). Arunkumar (2008)
reported that propiconazole and hexaconozole
were highly effective in inhibition of mycelial
growth against A. alternata whereas Mesta
et al. (2009) reported that hexaconazole and
propiconazole were significantly effective over
all other fungicides with respect to inhibition
of spore germination of A. helianthi. Metiram
70% + Pyraclostrobin 20% WG (0.35 %
concentration) was found most effective in
inhibiting mycelial growth of A. alternata in vitro
(Poonam Kumari et al., 2020). Pyraclostrobin
blocks the mitochondrial electron transport and
thus inhibits the fungus energy supply and
results in the death of the target fungus.
Metiram has contact and protective fungicide
preventing the germination of spores and
interferes with the development of the germ
tubes.Triazoles and Pyraclostrobin
combination products were found effective in
reducing losses due to Ramularia leaf spot
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(grey mildew) in Brazil (Juliano Cesar da Silva
et al., 2019).

Seed cotton yield in protected and

unprotected plots

Protected plots of all the three entries
recorded significantly higher mean yield when
compared to the unprotected plots of the same
(Table 4). In protected plot of Jaadoo BG I,
significantly higher mean yield was recorded
(43.93q ha') as against unprotected plot
(36.84 q ha'), whereas, protected plots of RCH
2 BG Il and L 1060 yielded 37.22 q ha' and
36.72 g ha' in comparison to unprotected plots
(29.35 q ha' and 27.87 q ha™, respectively).
Per cent seed cotton yield loss was to the tune
of 16.14 in Jaadoo BG 11, 20.34 in RCH 2 BG Il
and 26.28 in L 1060 (Table 4). Higher B:C ratio
was obtained for the protected plots of all the
three cultivars of cotton. The highest ICBR was
recorded with Jaadoo BG |l (26.61) as against
19.95 in RCH 2 BG Il and19.46 with L 1060
(Table 5).

Fungicide applications, beginning when
lesions were first seen have also been shown
to reduce Alternaria - incited premature
defoliation of cotton and to improve seed yield
by as much at 22% (Bashi et al., 1983).
Avoidable yield loss of 32.38% due to
Alternaria leaf spot was reported with five
sprays of propiconazole 0.1% with highest B:C
ratio of 1.72 (Hosagoudar et al., 2014). Both
kresoxim methyl (0.1%) and propiconazole
(0.1%), sprayed thrice at 15 days interval
starting from the first appearance were
effective against foliar diseases in cotton and
significantly increased the yield to the tune of
59.66 and 56.99 percent,
(Bhattiprolu, 2015).Seed cotton yield gain with

respectively
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Table 3. Grey mildew severity (PDI) in Protected and Unprotected plots of cotton

Percent Disease Index (PDI)

Hybrids/ variety Before spraying(105 DAS) After spraying(120 DAS)

Protected Unprotected Protected Unprotected
Jaadoo BG II 4.25 9.75 2.98 13.78
RCH2BG I 1.75 2.75 1.00 3.40
L 1060 1.00 2.25 0.48 1.63
Averages 2.33 4.92 1.49 6.27
t- test 0.99 NS 2.20*
p- value 0.19 0.04

* indicates significance of values at p = 0.05;

NS indicates non-significance

Table 4. Seed cotton yield (q ha-1) in protected and unprotected plots of cotton

Treatment Seed cotton yield (gha™)

Jaadoo BG I RCH2BG I L 1060
Protected (T1) 43.93 37.22 36.72
Unprotected (T2) 36.84 29.35 27.87
t- test 3.00** 4.80** 6.39**
p- value <0.01 <0.01 <0.01
Per cent yield loss 16.14 20.34 26.28

** indicates significance of values at p = 0.01

two fungicide applications compared with no
fungicide was 3.2% and 7.2% in DP cultivars
and Phytogen 499, respectively (Bowen et al.,
2018). Four sprays ofcarbendazim (0.1%) at
15 days interval realized 534 kg / ha™
additional yield in Bunny Bt (Bhattiprolu,
2012).Need based sprays under Integrated
disease management in cotton resulted in
significant increase in the yield (20.34% - 34.75
%) with maximum IBCR of 1.35 (Bhattiprolu and
Monga, 2017). Grey mildew caused losses from
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14.8% to 31.7% and pyraclostrobin +
fluxapyroxad, pyraclostrobin + epoxiconazole
+ fluxapyroxad and fentin hydroxide were found
effective (Tormen and Blum, 2019).

CONCLUSIONS

It is suggested that cotton farmers
should grow tolerant varieties and protect with
recommended fungicides starting from the
appearance to avoid yield losses due to major
diseases in cotton.
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Table 5. Economics of protection from fungal foliar diseases in cotton cultivars

Gross Gross Net Benefit
returns

Yield
(kg ha™)*

Treatments

Hybrids/

ICBR

cost

returns

expendi-
ture (Rs.)

variety

(Rs.) Ratio

(Rs.)

26.61

2.66
2.32

127958.5

204967
173148

77008.50

4393

Protected (T1)

Jaadoo BG Il

98648.00

74500.00

3684

Unprotected (T2)

19.95

97925.50 2.27
1.85

174934
137945

77008.50

3722
2935

Protected (T1)

RCH2BG I

63445.00

74500.00

Unprotected (T2)

19.46

2.24
1.76

95503.50

172584
130989

77008.50

3672

Protected (T1)

L 1060

ROSHAN BABA et al.

56489.00

74500.00

2787

Unprotected (T2)
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ABSTRACT

Quality of tomato fruits is extremely important from the consumer point of view. The pigments
responsible for tomato fruit colour offer several health benefits, the firmness of the fruit ensures
long distance transportation and reduce food wastage. Though there are several possibilities of
enhancing these quality traits in tomato fruits, few agronomic approaches seem to be cost effective
and provides easy wins for growers and consumers. In this study, we have evaluated the influence
of mulching, humic acid, Lipo-chito-oligosaccharides and their interactive effects with different
genetics in improving the fruit colour and firmness in tomato fruits. Better hue and Chroma values
observed in hybrid, Ashoka viz., 38.79% and 29.99%, respectively and highest transportability
(10.2 days) was recorded in TO 1057. Effect of polythene mulch on transportability (10.5 days)
showed significantly over crop mulch and no mulch treatments. Application of Ratchet @ 240 ml/
acre showed better hue value (39.8%), Chroma value (28.42%) and transportability (9.22 days).
It is concluded that genetics coupled with mulching and bio molecules provide significant benefits
on improved quality of tomato fruits.

Key Words: Chroma, Colour, Fruit Quality, Hue, Humic Acid, LCO, Tomato, Transportability

INTRODUCTION parameters, fruit colour and firmness are

Tomato (Solanum lycopersicon Mill) is extremely important from commercial point of

one of the most important vegetable crops view. The tomato fruits are consumed when

cultivated all over the world. It belongs to family they are at higher organoleptic quality i.e.,

Solanaceae. The demand for tomato both as when they become fully red and before

. . . . excessive softening. Colour of tomato is one
fresh fruit and in processed form is increasing

day by day in India due to its high nutritional of the very important exterior factors to know

qualities especially lycopene, phenolics and the ripeness and post-harvest life of the fruits

Vitamin C, which has opened up marketing which helps in deciding consumers’ preference.

opportunities. Among the fruit quality The red colour of tomatoes is due to

*Corresponding Author E-mail i.d: shivaag65@gmail.com, Ph.D thesis submitted to Manasagangotri University
of Mysore
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chlorophyll degradation and increased
biosynthesis of lycopene, a carotenoid. During
this process, chloroplasts are transformed into
chromoplasts. Deep red colour of ripened
tomatoes is principally present due to a pigment
called lycopene.

physiochemical properties hence act as a

It has biological and

natural antioxidant. The presence of various
carotenoid pigments which are conditioned by
different concentrations of pigment types
contributes to the complexity of tomatoes
colour. Tomato requires high amount of water
and lack of water reduce the total production
in arid and semi-arid areas (Nangare et al.,
2016). Advanced agronomic practices are
crucial factors that enhance fruit yield and
qualities in tomato cultivation. Practising
mulching increases water and nutrient use
efficiency, weed control, helps in managing
pest and disease spread, improves root growth
and maintain optimum soil temperature (Tuzen
et al., 2021; Tesfaye et al., 2016). Meter Bi film
mulches improves fruit firmness, TSS, colour,
carotenoids and Vitamin C (Morra et al., 2016).

Firmness of tomato fruits is decided by
several parameters which include turgor,
cuticle properties and cell wall structure.
Nutrients play one of the most important roles
in increasing the fruit firmness. Higher level of
nutrients (Ca, Mg, P and K) in fruits make the
fruits firmer as these nutrients help in cell wall
thickening in turn increase the fruit firmness,
delays ripening and increases shelf life of
tomato fruits. Transportability of tomatoes is
one of the key commercial traits for round and
square round (oval) segments in India. Fruit
skin colour, fruit shape and size uniformity, fruit
maturity, weight, scars on fruits and firmness
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are important quality parameters that decides
consumer preference during buying of
tomatoes (Kyriacou and Rouphael, 2018).

Application of humic acid helps in
increasing the quality of fruits especially colour
of the fruits. Lycopene content is increased with
the application of humic acid as it improves the
concentration of chloroplasts which are the
sites of lycopene synthesis at the time of fruit
ripening (Suganya, 2019). Higher supply of
nitrogen to the plants induces the higher
growth rate, produce big sized fruits, higher
concentration of leaf and fruit nitrogen gives
poor colour to the fruits skin and reduces the
fruit firmness. Excessive nitrogen also reduces
the calcium accumulation in the fruits and there
by reduces the compactness of pulp. Seaweed
extract increases nutrient uptake of soil and
makes them resistant to environmental stress
and increases overall plant shoot and root
development, act as stimulants or hormones
which encourages quick seed germination and
plant growth. Application of mulching influences
release of nitrogen to the plants which
attributes to colour and firmness of the fruits.
Chito / chitin oligosaccharides application on
plants induces plant disease resistance,
growth, escapes from abiotic stresses,
enhances fruit and flower shelf life (Zhao et
al., 2019). Lipo-chito oligosaccharide showed
better plant growth especially when plants are
growing under stressful environment (Zipfel
and Oldroyd, 2017).

To the best of our knowledge, we have
limited studies on the interaction of agronomic
practices such as mulching, biomolecules and
their influence on different genetics of tomato
in improving the fruit qualities. Hence, we have
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conducted a detailed study for 2 consecutive
years to understand interaction of genetics and
agronomic parameters in influencing the fruit
quality traits of tomato.

MATERIALS AND METHODS

Lab experimentation was conducted to
study the effect of biomolecules and mulching
practices on fruit quality parameters of tomato
hybrids over a period of two years during the
summer seasons of 2016 and 2017 at
Monsanto Mega Breeding station, Bangalore
and the experiment crop was raised in
Settihalli, Kolar. The experiment was conducted
with 30 plants per replication and 12 pickings
were harvested throughout the experiments.

Bio molecules product composition and
application in the field

Ratchet (lipo-chito oligosaccharide) and
Proventus [humic acid, 39%; cold water kelp
extracts, 25% and essential amino acids and
vitamins, 36%] were used as bio molecules in
the experiment. Ratchet was applied in two
different doses i.e., Ratchet @ 120 ml/acre
(B1), Ratchet @ 240 ml/acre (B2) and
Proventus @ 1000 g/acre (B3) done 20 and
40 days after transplanting on four hybrids as
main treatments viz., TO-1057 (H1), Garv (H2),
Ashoka (H3) and ArkaRakshak (H4) with three
mulching as sub treatments viz., Polythene
Mulch (M1), Crop Mulch (M2) and No Mulch
(M3). Treatment details and their influence on
quality of tomato fruit are presented in Table
2, whereas, interaction effects are presented
in Table 1.

Selection of the fruits and sample size

Uniform matured colour breaker staged
15 fruits were randomly picked from each of
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the treatments for firmness and colour
experiments.

Sampling and sub sampling procedure

The harvested and randomly selected
fruits were kept in plastic trays, which were
cleaned with liquid soap before experiment,
and gloves were used while handling the fruits.
Samples were initially checked for
unmarketable fruits (damaged, shrunken,
diseased and uneven ripening/nutritional
deficiency) by visual means and such fruits
were removed. All the fruits were used in
firmness and colour measurement. Experiment

was conducted at room temperature.
Measurement of quality traits

The fruits from 5" harvest were
considered for experimentation. From the day
of harvest, observations on firmness and
colour were taken at 5 time points (1, 3, 6, 9,
12 and 15 days after harvest). All the
experiments were conducted on the same fruits
at every time points, and hence, the experiment

was considered as “non-destructive”.

Firmness and transportability
measurement

Firmness was measured using
Durameter (Agrosta-100) by taking three
readings per fruit per time point and average
of the 3 readings was considered at every time
point. From our past experience, we knew that
the fruits can be considered as soft if the
durafel reading is less than 65%. Hence,
transportability was measured in terms of days
required for fruits reach 65% of durafel

reading.
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Colour

Colour was measured quantitatively by
using chroma meter (CR-400, Konica Minolta).
Before analysing the samples, we performed
the white calibration as per the manufacturer
guidance and material. One reading per fruit
per time point was taken. Hue and chroma was
calculated based on L, a and b values. Colour
was measured at 1, 3, 6, 9, 12 and 15 days
after harvest. In tomato fruits, at the initial
stage fruit colour values will be 90-100 hue,
while at fully ripened stage or deep red colour,
the hue will be 35-40. Hence, lesser the hue
value, better the red colour and hue value of
35-45 is considered as threshold in Tomato.
hue steadily decreased as the fruit ripens.
chroma represents fruit shining. Better the
chroma value, better the fruit shining.

Unmarketable fruits

At every time point, entries were
evaluated for fruit rotting and shrinkage. Such
fruits were considered as unmarketable and
discarded.

Statistical Analysis

Data was statistically analysed and the
treatment means were compared by Duncun’s
Multiple Range Test (DMRT). The software
used for the analysis was Tukey HSD (SPSS
version 19).

RESULTS AND DISCUSSION
Hue (%)

Hue values measured at 9th day of
harvest have been considered for analysis
and discussion of results. Among the hybrids,
pooled data of Ashoka (H3) recorded
significantly lower hue value (38.79) of tomato
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(Lower the hue, better the colour) as
compared to Garv (H2) and ArkaRakshak (H4)
41.46 and 40.75, respectively which were on
par with each other but TO-1057 (H1) observed
significantly higher hue value of tomato (43.08)
than H2, H3 and H4 (Table 2).

It was observed that all the three
mulching treatments did not differ from each
other (Table 1). However, low hue value (40.83)
in Polythene Mulch (M1) was obtained as
compared to No Mulch (M3) and Crop Mulch
(M2) i.e., 40.87 and 41.36, respectively. Similar
findings were reported by Tuzen et al. (2021)
but Karaer et al. (2020) who observed positive
results on mulched treatments which were
significantly higher colour (a and b) values
compared to un-mulched plots.

Application of Ratchet @ 240 ml/acre
(B2) showed significantly lower hue value, 39.8
than Proventus @ 1000 g/acre (B3), Control
(B4) and Ratchet @ 120 ml/acre (B1) i.e., 41.9,
41.55 and 41.66 respectively (Lower the hue,
better the colour) and B3, B4 and B1 did not
differ from each other (Table 2).

Among the application of Lipo-chito-
oligosaccharides (Ratchet @ 240 ml/acre,
Ratchet @ 120 ml/acre), Humic acid (Proventus
100 ml/acre), application of Lipo-chito-
oligosaccharide recorded lower hue (39.8),
higher chroma value (28.42) and higher
transportability (9.22 days). Souleimanov et al.
(2002) indicated that application of Lipo-chito-
oligosaccharides improved the stomatal
aperture. There was higher carbon dioxide
uptake by chloroplasts in the leaves, this
helped in increasing the opening of stomata.
As there was higher stomatal aperture by this
the photosynthesis got stimulated, thus the
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quality of the produce improved under
stressed conditions. Similarly, foliar application
of lipo-chito-oligosaccharide in the range of
10-50 nano gram per plant showed an
improved result on the fruit yield and fruit
quality when applied at early flowering and
fruiting stage as observed by Chen et al.
(2007). Interaction between the treatments,
pooled data of hybrid and bio molecules
showed significantly lower hue values
compared to other interactions viz., Hybrid and
Mulching, Mulching and Bio Molecules and all
the three-way interactions and they have
showed non significantly each other (Table 1).

Chroma (%)

Two seasons pooled chroma values were
presented and higher chroma values indicates
better colour intensity (Table 2). Ashoka (H3)
showed significantly higher chroma value of
29.99 than rest of the hybrids. TO-1057 (H1)
and Arka Rakshak (H4) noted significantly
lower chroma value (25.79 and 26.39
respectively) whereas Garv (H2) recorded
chroma value of 28.45 which was significantly
higher than H4 and H1 and lower than H3
(Table 2). Polythene Mulch (M1) and No Mulch
(M3) observed higher pooled chroma value
(27.7 and 28.2, respectively) and were on par
with each other. During 2017, application of
polythene mulch (M1) and Crop Mulch (M2)
showed significantly higher Chroma values
(28.66 and 28.50) and whereas in 2016, No
mulch (M3) showed better chroma values 28.9
followed by polythene mulch (M1) 26.75 (Table
2), some positive results were found on tomato
fruits harvested from mulching (MB N8 and
LDPE) fields achieved the maximum points of
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colour components “L” and “b”, respectively
(Sekara et al., 2019).

Bio-molecules treatment showed positive
impact on fruit colour intensity. Pooled values
of Ratchet @ 240 ml/acre (B2) observed
significantly more chroma value 28.42 as
compared to Ratchet @ 120 ml/acre (B1) and
Control (B4) (27.13 and 27.17, respectively)
but on par with Proventus @ 1000 g/acre (B3)
recorded 27.90 and which was significantly
higher than B1 and B4. Both B2 and B3 were
showed consistently on par with each other
during 2016 and 2017 (Table 2). Highly
significant results in the interaction effects
between hybrids and mulching treatments
could be found but could not observe similar
effects in other interactions between hybrids
and bio molecules; mulching and bio
molecules; hybrid, mulching and biomolecules
on chroma values in both the seasons and
pooled as revealed in Table 1. Results are in
conformity with the findings of Cozzonlino et
al. (2020), wherein mulching treatment had
positive effect on the quality of tomato.

Transportability (Days)

From the firmness data, it is noticed that
if fruits reach a Durafel firmness of <65 %, it
can be considered as soft/unmarketable fruits.
The time taken for fruits to reach 65% durafel
readings, firmness was considered as
transportable days.

TO-1057 (H1) hybrid showed highest
transportability days (10.2) against other three
hybrids but Ashoka (H3) and Garv (H2)
transportability values were on par (9.66 and
9.04 days, respectively) with H1, but better
than H4. Arka Rakshak (H4) which recorded
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significantly lower transportability 4.37 days as
compared to H1, H2 and H3 (Table 2). Mulching
practices influenced the transportability of the
fruits significantly. Pooled values of
Polyethylene mulch (M1) recorded significantly
10.50 days as
compared to rest of the mulching treatments.

higher transportability;

Significantly lower transportability was
observed in other two treatments i.e., 6.84 days
in Crop mulch (M2) and 7.62 days in No Mulch
(M3) as shown in the Table 2. Improvement in
the quality of tomato expressed as
transportability days observed in the present
study are in line with findings of Dubey et al.
(2019) and similarly Sekara et al. (2019) and
Morra et al. (2021) who reported highest fruit
firmness under mulched treatments compared
to non-mulching.

Highest transportability days (9.22)
observed in Ratchet application @240 ml/acre
(B2) in comparison to rest of the biomolecule
treatments. However, B2 has showed higher
values but Proventus @ 1000 g/acre (B3)
noted 8.20 days and Ratchet @ 120 ml/acre
(B1) observed 8.10 days that were showed on
par with each other, and significantly lower
transportability days (7.75) was recorded in
control (B4) (Table 2). Some results were
showed on impact of humic acid application
increased the concentration of K and Ca on
tomato plant leaves that probably helped in
nutrient uptake and supported in enhancing
fruit firmness (Asri et al., 2015); similarly,
(2015) observed higher
concentration of N, P, Kand Ca in tomato plants

Husein et al.

from the application humic acid + fulvic acid +
calcium treated plants. Although, we have
observed significant interaction effect on
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transportability between hybrid and mulching
during 2016 but no significant influence
between the factors in the pooled years
(Table 1).

In this study, application of humic acid
(proventus @ 100ml/acre) also showed lower
hue % (41.09), higher chroma value (27.9) and
transportability (8.2 days) which were on par
with the application of ratchet @ 240 ml/acre.
This might be due to the application of humic
acid helps in increasing the quality of fruits
especially colour of the fruits. Similarly, Sure
et al. (2012) also studied that application of
all humic acid on plants showed significant
increase of chemical characteristics. Spraying
of humic acid 30 ml' can be suitable treatment
for enhanced the quality of the fruits like total
soluble sugar (TSS), fruit firmness, fruit skin
total chlorophyll, fruit skin chlorophyll a and
fruit skin chlorophyll b. Correspondingly
lycopene content is increased with the
application of humic acid as it improves the
concentration of chloroplasts which are the
sites of lycopene synthesis at the time of fruit
ripening (Suganya, 2019). Similar results were
observed with Yildirim (2007) who observed
that the application of humic acid to both
foliage and soil treatments resulted in higher
fruits diameter, fruits height, fruit firmness,
mean fruits weight and number of fruits per
plant.

CONCLUSIONS

The quality of the tomato fruit is mainly
judged on the basis of the skin colour, texture
of the skin and the firmness of the fruits which
in total increases the marketable value of the
produce. In this study, the hybrid Ashoka (H3),
Polythene Mulch (M1) and Ratchet @ 240 ml/
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acre (B2) showed lower hue, higher chroma
value and higher transportability as compared
to other treatments.
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ABSTRACT

The current study was undertaken to investigate the utility of Remote sensing and Geographic
information system (GIS) tools for evaluation of seven watershed projects implemented under Pradhan
Mantri Krishi Sinchayee Yojana (PMKSY) project during 2009-°16 in YSR Kadapa District of Andhra
Pradesh. The study was carried out using high resolution Resourcesat-2, Linear Imaging Self-scanning
Sensor (LISS)-IV data of 2011 (pre-treatment) and 2016 (post-treatment) to assess the changes in
land use/land cover and biomass over a period of five years (2011-16). Due to implementation of the
watershed developmental activities, an additional area of 3618 ha has been brought under cultivation.
The vegetation maps indicated that the areas under dense and open vegetation categories were
increased from 2224 to 4915 ha and 5864 to 10670 ha during the project period due to adoption of
soil and water conservation practices. An additional area of 191 ha (8.99%) increased under water
bodies and 518 ha waste land was converted to cultivable land due to construction of farm ponds,
percolation tanks and check dams. This area is attributed to cropland and plantations in the year
2016.

Keywords: Remote sensing and Geographic information system (GIS), PMKSY project,
Resourcesat-2, LISS-IV data, Watershed project

INTRODUCTION impact on watersheds during the pre and post

Watershed is an area that supplies water development. In order to reduce the cost and time

. . satellite remote sensing has been used as an
by surface or subsurface flow to a given drainage 9

system or body of water such as a stream, river, evaluation tool (Liu and Negron, 2001, Schmidt

wetland, lake or ocean. Remote Sensing (RS) and Skidmore, 2001). Unfortunately monitoring

and Geographical Information System (GIS) have and evaluation has not got its share of attention

been proved as effective tools to monitor, and and therefore it is very difficult to quantify and

assess the changes which have taken place not
manage the natural resources, and assess the 9 P

*Corresponding Author E-mail id: pv.ramamunireddy@angrau.ac.in
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only in natural resources but also in livelihoods
of people due to these programmes and in the
long run to justify the need for these schemes
(Shanwad et al., 2008, Srinivasa Vittala et al.,
2008, Martin and Saha, 2009, Gopa Kumar
et al., 2014, Meenakshi Bai et al., 2018). There
is often not enough room for midterm adjustments
in ongoing programmes due to lack of a proper
monitoring system. The need therefore arises to
identify a quick and cost-effective technique for
monitoring the impact of such schemes on a
‘before project — after project’ temporal scale as
well as during project implementation stage
(Shanwad et al., 2008, Srinivasa Vittala et al,,
2008, Martin and Saha , 2009, Gopa Kumar
et al., 2014 and Meenakshi Bai et al., 2018).

YSR Kadapa district is one of the districts
of Rayalaseema regions of Andhra Pradesh and
the district lies in between north latitudes of 13°
43' - 15° 10' and East longitudes of 77° 55' - 79°
29" and spreads over an area of 15,379 sq. km.
In the study, seven watersheds have been
implemented under Pradhan Mantri Krishi
Sinchayee Yojana (PMKSY) project (Batch-1)
during 2009-10 (Table 1).

MATERIALS AND METHODS

The Remote Sensing based methodology
is adopted through temporal satellite data for
monitoring the watersheds. The study is carried
out using Resourcesat-2 LISS-IV data of 2009-
11 for the watershed before the implementation
of program. 2015-"16 satellite data sets are used
after the treatment of each watershed. Similar
studies were reported by Shanwad et al., (2008),
Srinivasa Vittala et al., (2008), Martin and Saha,
(2009), Gopa Kumar et al., (2014) and
Meenakshi Bai et al., (2018).
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The comprehensive methodology is
presented in Figure 2. The images were classified
into different land use / land cover categories
using supervised classification by maximum
likelihood algorithm with minimum mapping unit
of 2.5 ha.They were also classified into different
vegetation levels using Normalized Difference
Vegetation Index (NDVI) approach. The classified
outputs of land use / land cover and vegetation
cover form NDVI of the two time periods were
compared to derive information on changes which
occurred over a period of time for each
watershed. In order to understand the effect of
soil moisture and rainfall over the watershed area,
daily soil moisture and rainfall data have been
analyzed from 2009 to 2016.

Land use / Land cover changes

Supervised classification was performed
using maximum likelihood algorithm for both pre
and post treatment and the satellite data have
been clustered with the pixel similar spectral
characteristics into homogenous classes. This
algorithm assumes Gaussian distribution and
each pixel is considered a separate entity
independent of neighbours. The classified
images have different land use / land cover
categories pertaining to pre and post treatment
periods. The classified outputs have been
compared in order to evaluate the changes which
have taken place over a period of time.

Vegetation vigour changes

The NDVI is highly correlated with
vegetative parameters such as green leaf
biomass, leaf area and is an indicator of
photosynthetic activity. Hence, it is of
considerable value for vegetation discrimination

and seasonal growing conditions for making
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primary productivity analysis. NDVI is computed
using the infrared and red reflectance bands.
These values for NDVI range from -1 to 1.
Vegetative areas show generally high values of
NDVI because of their relatively high NIR
reflectance and low visible reflectance. Water,
snow and clouds have negative IR radiation.
Rocks and bare soil have NDVI values around
zero. Only green vegetation has positive NDVI
values and high values being associated with
higher vegetation vigour. The difference of NDVI
images generated for both the dates has been
carried out to derive information on changes with
reference to vegetation vigour. Based on these
NDVI values, vegetation vigour was classified into
dense, open and degraded vegetation. The
fallow was classified as no vegetation.

Soil moisture and Rainfall analysis

In order to understand the effect of soil
moisture and rainfall over the watershed area,
daily soil moisture and rainfall data have b