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As per the assessment of World Bank, horticulture accounts for 30% of India’s agricultural GDP
from 8.5% of cropped area. This clearly indicates the commercial potential of horticultural produce.
Journal of Horticultural Sciences tries to contribute by assimilating the knowledge generated in
different disciplines for the growth of horticulture.

Crop improvement helps in having better varieties and hybrids. Rootstock breeding is one of the
important strategies. Mango rootstock having dwarfness is a desirable trait. Perveen et al. developed
mutants of polyembryonic mango genotype Nekkare to identify the dwarf rootstocks.Pooja et al.
evaluated the tamarind genotypes and found that genotype K-9 was superior because of pod size,
pod weight, pulp weight and pod yield per tree. Breeding tomatoes suitable for processing is the
need of the hour. Sadashiva et al. developed tomato hybrids Arka Apeksha and Arka Vishesh
suitable for processing along with triple disease resistance to tomato leaf curl disease, bacterial
wilt and early blight. Merin et al. screened yard long bean and identified the lines resistant to
anthracnose. Inheritance of quantitative and qualitative fruit traits in brinjal was studied by Sidhu
et al who report that epistatic interactions significantly influenced most of the traits. Phenotypic
trait association in brinjal upon drought stress was studied by Faizan et al. and they identified the
traits associated with low moisture stress tolerance.Sankar and Singh identified Passiflora
quadrangularis L. genotypes in Arunachal Pradesh and report that it is a vegetable with nutritive
value suitable for that region. Rajiv et al. identified accessions of Nerium that displayed profuse
blooming and suitable for commercial cultivation and landscaping.

Agronomical practices when given due attention, many production constraints can be addressed
properly. By adjusting the time of different horticultural operations, we can enhance the production
in fruit crops. Chander et al. report that the fruiting in custard apple cultivar ‘Arka Sahan’ could
be advanced by 8-9 weeks to June from the normal season of August-September with comparable
or better fruit quality by pruning 75% of the last season’s growth during October Manjunath et al.
report that wetting soil volume up to 70% recorded higher mean fruit yield of 34.8 kg/plant (9.68 t/
ha) in mango. Hiremata et al. report that growth and yield characters may be considered in selection
criteria for the improvement of yield in arecanut based on the correlation and path analysis. Kiran
et al. report that with suitable NPK combination along with green manure and sewage sludge, good
yield of carrot could be obtained in Pakistan. Mahala and Sharma studied the effect of different
growth media on biometric parameter of brinjal and chilli seedlings under shade net house and
report that vermiculite + perlite + vermi-compost (1:1:2) as growth media was found more
productive.New formulations of micronutrients are being tested for their efficacy. Srivastava et al.
record that nano formulation of ferrous sulfite could enhance the growth, flowering and oil yield in
calendula. Singh et al. report that the amount of nitrogen can be reduced to 1/3rd to grow cut
chrysanthemums planted at twice the row spacing for longer cut stems of appreciable vase life.
Smitha et al. standardized the production package for potted China Asters and report that growing
in 6" plastic pots using the substrate combination of soil +sand +FYM (1:1:1 v/v/v) along with the
weekly application of nutrient solution of 96.:18:108 ppm NPK/plant can give excellent results.

Post-harvest handling of produce in appropriate way can reduce the loss happening between the
harvest and arrival of produce at the end-user’s door steps. In this issue, few reports on
post-harvest management of horticultural produce are published. Mshora et al. studied the effect
of chitosan coating on physico-chemical properties and enzyme activities in mango cv. Dashehari
and found that chitosan coating at 1.0% was effective in enhancing the storability and quality of

J. Hortl. Sci. 1
Vol. 17(2) 2022
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mango fruits at cool storage temperatures. Pandidurai et al. optimized the freeze-drying parameters
for moringa (Moringa oleifera) flower powder using response surface methodology. The optimum
conditions for osmotic dehydration of aonla in salt medium has been identified by Sujayasree et al.

Assessment of yield loss helps the policy makers. Yield loss due to tomato late blight by Phytophthora
infestans has been reported by Sandeepkumar et al. where they report how to mitigate the yield loss
due to this disease and the benefit of growing late blight resistant tomato hybrid ‘Arka Abhed’.
Praful et al. report the yield loss due to ChiVMYV in chilli and the transmission by aphids in
Karnataka, India. Skinner et al.attempted to control downy mildew in cucumber with ultraviolet
(UV-C) energy and mulch. They observed that UV-C was not effective but use of reflective mulch
delayed the disease onset relative to black mulch in fields. Palanna et al. report the morphological
and molecular diversity of Ganoderma spp. causing basal stem rot of coconut in Southern dry
tracts of Karnataka. First report of Lasiodiplodia theobromae has been made on the Flacourtia
montana, a wild edible fruit tree of Western Ghats, India by Rasmi et al. IPM practice for major
pests and diseases in French bean was developed by Chandrashekara et al. suitable for the North
Western India that takes care of major pests and diseases of French bean.

Basic research helps to understand many biological processes in plants. Kanade et al. studied the
variability inleaf volatile and phenolic acid profiles of polyembryonic mango genotypes and found
that they are suitable as biochemical marker to identify the polyembryonic seedlings.Pollen
morphology of Giant Himalayan Lilly was studied by Lal et al. and they report the ideal conditions
for the pollen germination and pollen tube growth.

For mass multiplication of planting material for medicinal crops also tissue culture can be used. An
effective and rapid in vitro regeneration protocol of Kalmegh (Andrographis paniculata) was
established by Monika et al. Ganji et al. observe that estimation of content of phenolic compounds
in plums can be used as a biochemical marker in graft incompatibility. Graft compatibility is an
important trait in many fruit crops especially in plums. Circular RNAs (CircRNAs) are covalently
closed non-coding RNAs that play an important role in a variety of biological processes.
Bhavya et al. demonstrated the importance of CircRNAs in ToLCBaVD resistance and suggest that
CircRNAs could be key regulators of gene expression during disease resistance in tomato in response
to tomato leaf curl. El-Hadidy et al. provides us the taxonomic revision of the cultivated species of
Mimusops (Sapotaceae) in Egypt, with new records.

Taking the horticultural technologies to end users fulfills the purpose of research work in different
disciplines. FPOs are contributing immensely currently in horticulture also in reaching out to the
farmers. Mukherjee et al. studied the performance of three FPOs in Maharashtra and give the
comparative analysis. Das Gupta studied the growth and potential of horticulture in North Eastern
India and has reports that it is imperative to develop infrastructure, modernize farming and establish
seamless value chains with greater market integration.

On behalf of the Editorial Team, I extend our sincere thanks to all the authors, readers, reviewers
and executive committee members of SPH for their continuous support and faith in the team. Hope
the coming new year 2023 will bring cheers to all stakeholders of Horticulture Domain. Wish you
all a very Happy New Year 2023.

S. Sriram
Editor-in-Chief

J. Hortl. Sci. 1
Vol. 17(2) 2022
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ABSTRACT

Availability of dwarfing rootstocks is an important pre-requisite for improving productivity
of mango orchards in India as it facilitates high density planting as well as impart uniformity
within an orchard. An attempt was made to induce variability in polyembryonic mango
genotype Nekkare for dwarfness by treating kernels with different doses of gamma radiation
ranging from 15 to 35 Gy. Irradiation created significant variation in plant height, stem girth,
number of nodes, inter-nodal length, number of leaves, leaf blade length and leaf blade width.
The highest reduction in seedling height along with highest variation was observed at 35 Gy
where the seedling height ranged from 11.50 to 33 cm with a mean of 23.12 cm as compared
to mean plant height of 44.55 cm in control ranging from 33.50 to 56 cm. Further, the effect
of irradiation on stomatal parameters was also investigated and the highest stomatal length
and width was recorded at 15 Gy (63.39 pm) and 20 Gy (63.12 pm) respectively while 30
Gy treatment produced maximum stomatal density (13.85 per um?). Furthermore, the
concentration of ABA was found to be highest (429.1 ng/gm) in morphologically dwarf
(putative mutant) progenies of Nekkare. The results suggest effectiveness of induced mutation

for developing dwarfing rootstocks in mango to be used in high density planting.

Keywords: Gamma irradiation, mango, mutation, Nekkare and stomatal parameters

INTRODUCTION

Mango (Mangifera indica) enthroned as the king of
fruits in India enjoys a eminent position in the
horticultural bounty of the country. Indian mango
industry has a global presence in production as well
as export of fresh fruits and processed products. India
is the largest producer of mango in the world
accounting for more than 55% of total world’s
production with an area of 2,293,000 ha and
production of 20,798,000 MT (NHB, 2019). However,
the productivity (per hectare yield) of mango in the
country remains as low as 8 t/ha. Low planting
densities, presence of old and senile orchards,
propagation on seedling rootstocks of unknown origin,
irregular bearing habit and lack of genetically uniform
dwarfing rootstocks are considered as some of the
major reasons for low orchard efficiency of mangoes
in India. In the purview of global climate change and

need for intensive cropping to meet the domestic as
well as export demand, potential of polyembryonic
genotypes to be used as rootstock needs to be properly
investigated. Meanwhile, the lack of genetic variability
in these genotypes owing to the presence of true to type
nucellar seedlings limits their use in the mango
rootstock breeding programme. Mutation breeding has
been extensively used in several crops for improvement
of yield or yield attributing traits as well as for
enrichment of existing germplasm (Ahloowalia and
Maluszynski, 2001). In heterozygous crops like mango
also, induced mutations have been widely used for
creation of variability for different traits (Karsinah et
al.,, 2012; Rime et al. 2019). In mutation breeding,
gamma rays and ethyl methane sulfonate (EMS) are
the most commonly used physical and chemical
mutagens respectively. Induced mutation has been
known to create variations in plant height, growth
pattern, leaf characteristics and various biological and

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



physiological traits including stomatal size and number
(Kovacs and Keresztes, 2002). Stomatal structure
(including size and density) is the major plant cellular
component contributing towards growth and
development (owing to its role in gaseous exchange
and transpiration thus directly affecting
photosynthesis) of the plants besides playing a crucial
role in stress tolerance (Yasmeen et al., 2020). Hence,
any change in stomatal parameters resulting from
mutagenesis could be highly significant. Here, an
attempt was made to create variability in a vigorous
polyembryonic mango genotype Nekkare, known for
its tolerance to salinity stress (Pandey et al., 2014;
Laxmi et al., 2021) for plant stature employing
induced mutation approach using gamma irradiation.
The objective of this study was to determine the
variability created among the selected putative mutants
generated through different doses of gamma irradiation
ranging from 15 Gy to 35 Gy, for various
morphological traits as well as to investigate the
structural changes in stomatal parameters followed by
hormonal profiling of selected putative mutants to
understand the effectiveness of induced mutation for
developing dwarfing rootstocks in mango to be used
in high density planting.

MATERIALS AND METHODS
Site of experiment and plant material

This research was conducted in ICAR-Indian Institute
of Horticultural Research, Bengaluru. Six month old
putative mutant seedlings of polyembryonic mango
variety Nekkare used in this study were generated by
treating seed kernels of Nekkare with five different
doses of gamma irradiation viz., 15Gy, 20Gy, 25Gy,
30Gy and 35Gy (280 kernels per treatment)
(unpublished data). From the putative mutant
population thus generated, a total of 100 putative
mutant seedlings (20 from each treatment) along with
control (untreated nucellar seedlings) of short, medium
and tall stature (based on plant height) were selected
for taking further observations.

Morphological characterization

Morphological observations on plant height (cm), stem
girth (mm), number of internodes, inter-nodal length
(cm), number of leaves, leaf blade length and leaf
blade width for 100 selected putative
mutant progenies of Nekkare along with control were
recorded based on mango descriptor (IPGRI 2006).
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Volatile profiling was used to ascertain the nucellar
origin of control seedlings (unpublished data).

Stomatal parameters

Again, for these 100 putative mutants and control
seedlings, stomatal size and number was determined
using the procedure as described by Hamil et al.
(1992). For measuring number of stomata, fully
matured and expanded leaves were selected and
plucked between 12-01 PM. Freshly plucked leaves
were kept in butter paper, labelled properly and
brought to laboratory for further analysis. For
determining the number of stomata, abaxial surface
of fully matured and expanded leaves plucked between
12 noon to 1 PM coated with transparent nail polish
and left for 30 minutes to dry. Glass slides were
prepared by peeling off the imprinted layer from the
abaxial surface of the leaf sample. The slides were
then examined under the microscope (OLYMPUS;
Light microscope digital camera; DP-22/DP-27) at a
magnification of 10x and stomata numbers were
recorded and expressed as number of stomata per mn?
For measuring stomatal size, slides were examined at
a magnification of 40x and length and width of
stomata was recorded and expressed in pwm.

Phytohormone profiling

Further, morphologically distinct dwarf and tall
statured putative mutant seedlings along with control
plants were selected for phytohormone profiling using
Liquid chromatography-mass spectrometry (LC-MS).

Extraction procedure

Phyto-hormones were extracted using the method
described by Pan et al. (2008). For extraction, 3g leaf
sample was completely homogenized using 1-
propanol/H,O/concentrated HCI (2:1:0.002, v/v/v)
followed by sonication for 30 minutes at 4°C keep and
kept overnight. Next day dichloromethane was added
to the homogenate and sonicated for 30 min followed
by centrifugation at 12,000 rpm for 10 minutes. After
centrifugation, the bottom layer was transferred to a
conical flask containing sodium sulphate to remove
any traces of water and then evaporated using flash
evaporator. Once the sample was completely dried, it
was dissolved in 80% methanol and loaded through
C18 solid-phase extraction (SPE) cartridges.

The SPE process included: (a) Pre-conditioning: It
included washing the column with 5 mL methanol and
5 mL 80% methanol. (b) Adsorption: After the extract
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was loaded to the column, all matrices were adsorbed
by the cartridge and (c) Elution: In this step, the
residual plant hormones were eluted with another 5
mL 80% methanol.

The obtained elute (5 mL) was then evaporated using
flash evaporator at 35°C and finally the dried sample
was dissolved in 500 uL. methanol-0.05% formic acid
(1:1, v/v). The solution was filtered using a nylon filter
paper and injected into LCMS for further analysis.

LC and MS-MS conditions

The initial gradient was composed of 85% solvent A
and 15% of solvent B with a hold time of 1 min. At
12 minutes, the gradient was changed to 15% of
solvent A and 85% of solvent B, with a hold time for
1 minute and at 14 minutes, linear gradient was
followed by 85% of solvent A and 15% of solvent B
with a hold time of 0.5 minute. The system was then
returned to the initial conditions at 15 mins and
equilibrated for 1 minute before the next injection. The
flow rate was 0.2 mL/minute. The analytical column
was 2.1 x 50 mm UPLC BEH-C18 column (Waters,
USA) with 1.7um particles, protected by a vanguard
2.1 X 5 mm BEH C-18 with 1.7um. Guard column
(Waters, USA) was used with column temperature
maintained at 25°C. Identification and quantification
of the elute hormones was done using a TQDMS/ MS
(Waters, USA) system, optimized for the hormone
analysis.

Mobile phase used were

(1) Solvent - A: water/Acetonitrile/acetic acid (95/5/
0.05, v/v/v) and (ii) Solvent - B: Acetonitrile/water/
acetic acid (95/5/0.05, v/v/v)

Statistical analysis

Descriptive statistics was calculated for morphological
and stomatal parameters using standard procedure.

RESULTS AND DISCUSSION
Effect of gamma irradiation on morphological traits

Gamma rays are the most widely used physical
mutagen employed in mutation breeding of crop plants
and are well known for bringing about morphogenetic
and endomorphic changes in plants (Ali et al., 2016;
Yasmeen et al., 2020). In the present study
considerable variation was created for different
morphological traits in the putative mutant population
of polyembryonic mango genotype Nekkare generated
by gamma irradiation (Table la and 1b; Fig la-f).
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Plant height was found to be the most affected trait
by irradiation (Fig. 2 and 3). A reduction in plant
height (in comparison to control) with increasing
dosage of irradiation was recorded with highest mean
plant height in control being 44.55 cm while among
the treatments, mean plant height ranged from 28 cm
(15 Gy) to 21.35 (25 Gy). Further, although the mean
plant height of population generated through 35 Gy
treatment was 23.12 cm, the progenies it produced
were as short as 11.50 cm and the maximum plant
height recorded in this treatment was 33 c¢m in contrast
to control where the plant height ranged from 33.50
to 56 cm. The use of gamma irradiation for developing
dwarf statured mango varieties to be used for high
density planting has been attempted for a very long
time (Sharma and Majumder, 1985, 88; Sharma,
1987).

A decrease in stem girth with increasing doses of
irradiation was also observed and the highest mean
stem girth was recorded in control (9.07 ¢cm) which
declined to 6.53 cm in 25 Gy treatment. However, the
progeny with largest stem girth (11.32 cm) was
produced by 35 Gy treatment. Mutation affects the
process of cell division and cell elongation along with
disruption of protein synthesis, hormonal and
enzymatic balance and water and gaseous exchange
ability of plants thus leading to reduction in plant
height as well as overall growth of plants (Ali ef al.,
2016; Asare et al., 2017). The results of the present
study are in confirmation with earlier findings
reporting the reduction in plant height with increasing
doses of irradiation in mango (Rime et al. 2019),
guava (Zamir et al., 2003), grapes (Surakshitha et al.,
2017) and apple (Atay et al., 19).

Further, the variation for number of nodes was highest
in control along with highest mean number of nodes
being 7.2 while the lowest mean number of nodes was
recorded in 15 Gy being 5.76. Mean inter-nodal length
also declined with increasing doses of irradiation. The
number of leaves in all the treated populations was
less than control where the mean number of leaves was
24.60 ranging from 17 to 35. Among the treated
populations, the lowermost treatment (15 Gy)
produced highest mean number of leaves ranging from
9 to 35 while the lowest mean number of leaves
(15.93). Reduction in number of leaves with increasing
doses of gamma irradiation has been reported in
Arumanis mango of Indonesia (Karsinah et al., 2012)
and EMS derived population of mango hybrid Arka
Puneet (Rime ef al., 2019).
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Gamma irradiation resulted in the production of
smaller and narrower leaves exhibiting a reduction in
leaf blade length with increasing dosage of irradiation
(Fig. 4). The highest mean blade length was recorded
in control (18.15 ¢cm) which decreased to 11.62 ¢cm in
35 Gy treatment while the lowest leaf blade length
(11.21 cm) with highest CV (17.13) was observed in
25 Gy treatment. Following the same trend, the mean
leaf width was found to be highest in control being
5.56 ¢cm which decreased in the entire gamma
irradiated population exhibiting highly profound

le : Treatment 4 (30 Gy)

Nusrat et al

reduction in the higher dosage of irradiation and the
lowest leaf blade width was recorded for 35 Gy
treatment being 3.65 cm along with highest CV
(14.23). In contrary to our results, Rime et al., (2019)
reported production of longer and wider leaves in the
EMS derived putative mutant population of mango
hybrid Arka Puneet while it is in congruence with the
findings of Surakshitha et al. (2017) where they
observed a gradual reduction in leaf length and leaf
width with increased dosage of gamma rays in grape
cultivars Red Globe and Muscat.

1f : Treatment 5 (35 Gy)

Fig. 1 : Seedlings of Nekkere plants raised from gamma irradiated seeds

J. Hortl. Sci.
Vol. 17(2) : 261-271, 2022

264



Characterization and evaluation of mutants of mango cv. Nekkare

5008
K
ﬁ\ )
w,‘“:‘“’ﬁ ”
e

S
** Hougmon oF *

X A e
\ J-."-'i*-t"

.
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Stomatal parameters

In our study we observed high variability for different
stomatal parameters like stomatal density, length and
width of stomata (Table 2; Fig. 5a-d). Highest mean
stomatal length (65.07 um) was recorded in control
(64.55 to 65.43 um) with a CV of 0.65. Among the
putative mutant populations, the highest (63.39 um)
and lowest (61.9 um) mean stomatal length was
recorded in 15 Gy and 35 Gy irradiation treatments
respectively (Table 2).

Variations in stomatal width was also recorded in the
putative mutant populations and the mean stomatal
width of all the treatments except the putative mutant
population generated through 25 Gy irradiation was
found to be higher than control plants which showed
less variation for this trait having a CV of 0.99 and
mean stomatal width of 60.83 um varying between
60.15 to 61.57 pm. Among the putative mutant
populations, the mean stomatal width increased at
lower doses (15 and 20 Gy) while it declined at higher
doses (30 and 35 Gy) while remaining higher than
control. The highest (63.12 pm) and lowest (60.92
pum) mean stomatal width was recorded in population
generated through 20 Gy and 25 Gy respectively. An
increase in stomatal length and width was recorded in
sugarcane at lower doses of gamma irradiation (10 and
20 Gy) which declined further with increased doses
(30 and 40 Gy) (Yasmeen et al. 2020). Similarly, a
significant reduction in stomata length and number at
higher doses of gamma irradiation was observed in
Kinnow (Mallick et al., 2016), grapes (Kok, 2011)
and mango (Rime et al., 2019).

Stomatal density was found to decrease with
increasing dosage of irradiation and a profound
variation was observed among the populations
developed by different treatments as revealed by the
values of coefficient of variability. The mean stomatal
density for control plants was recorded to be 14.33
(per 20000 um?) with a very low coefficient of
variability being 4.94. Among the treatments, mean
stomatal density decreased in lower doses viz., 15 Gy
and 20 Gy of being 12.64 (per 20000 um?) and 12.43
(per 20000 pm?) respectively while it increased at 25
Gy (13.3 per 20000 um?) and 30 Gy (13.85 per 20000
pm?). Our results are in contrary to the findings of
Yasmeen et al. (2020) who reported an increase in
stomatal density at lower doses of irradiation.
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However, the highest dose of irradiation (35 Gy)
resulted in marked reduction in the stomatal density
being 11.82 (per 20000 um?). A lower stomatal density
is indicative reduced plant vigour and stature
(Majumder et al., 1981) and this result is also
confirmed by the production of highly reduced plant
height at 35 Gy treatment in this study. Dwarfing pear
variety, ‘601D’ is reported to have shorter intermodal
length, thick and broad leaves, lower stomatal density
and larger stomatal size as compared to it vigorous
mutant ‘601T’ (Liu et al., 2022). The decline in
stomatal number at higher doses of irradiation has also
been reported in citrus (Mallick ef al., 2016), mango
(Rime et al., 2019) and sugarcane (Yasmeen et al.,
2020).

Correlation analysis

Correlation analysis of physical mutagenesis with the
stomatal and plant morphological parameters gave
interesting insights into the data (Table 3). In general,
the overall correlation between doses of gamma
irradiation and stomatal (except stomatal width) and
plant morphological parameters seemed to be negative
and traits like plant height, stem girth, leaf blade
length, leaf blade width and stomatal length showed
highly strong negative correlation with irradiation
doses (-0.899, -0.815, -0.887, -0.914 and -0.919
respectively). Contrarily, a strong positive correlation
was observed between stomatal length and
morphological traits viz., plant height, stem girth,
number of leaves, leaf blade length and leaf blade
width (0.919, 0.902, 0.843, 0.907 and 0.875
respectively). Further, a positive correlation between
stomatal length and stomatal density was seen (0.611)
while stomatal width was negatively correlated with
stomatal density (-0.600). Different morphological
traits like plant height, stem girth, number of leaves,
leaf blade length, leaf blade width divulged positive
association among each other and significant positive
correlations were observed between plant height and
stem girth (0.961), number of leaves (0.957), leaf
blade length (0.994), leaf blade width (0.964). A
positive correlation between stomatal density and tree
height has been reported previously (Camargo and
Marenco, 2011, Yasmeen et al., 2020) and increased
stomatal density has been found associated with
reduced tree height (Barrientos-Pérez and Sanchez-
Colin, 1982).



Sa : Nekkare Mother Plant
5b : Nekkare Control plant
Sc Putative mutant seedling N 63
5d Putative mutant seedling N 91
to gamma irradiation.

Fig. 5 : Stomata character of Nekkare plants subjected
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Plant hormones

Cell elongation and proliferation are the key processes
determining height of a plant and plant hormones
regulate these processes in a species dependent manner
(Yue et al., 2016). Among the putative mutant
population created by different dosage of gamma
radiation 10 morphologically distinct dwarf and tall
seedlings were selected to determine the levels of two
growth promoting (IAA and GA7) and one growth
inhibiting (ABA) phytohormones. IAA has been found
to be associated with cell division, expansion and
differentiation thus regulating the plant height (Liu et
al., 2022). GA is another important phytohormone that
regulates plant height and most of the dwarf
phenotypes are results of disruption in GA biosynthesis
or signal transduction (Magome et al., 2010).
Nekkare is a vigorous genotype and the concentration
of TAA was recorded to be highest (4.16 ng/gm) in
control samples and tall (putative mutant) progenies
(1.56 ng/gm) while dwarf (putative mutant) progenies
were found to contain the lowest (0.78 ng/gm) amount
of TIAA. Similar to TAA, the highest (0.26 ng/gm)
concentration of GA, was recorded in control followed
by tall (putative mutant) progenies while the lowest
amount of GA, occurred in dwarf (putative mutant)
progenies (Table 4). The interaction between auxin and
gibberellin has been known to have implications on
plant growth where auxins act as a messenger
compound that links the apical bud with biosynthesis
of active GAs in the expanding inter-nodes (Ross and
O’Neill, 2001). This suggests the possibility that the
main growth-regulating function of endogenous TAA
could be to maintain the levels of GA in the internode
(Ross et al., 2001). This relationship between IAA and
GA was also observed in our study where the high
levels of IAA in tall (putative mutant progenies)
corresponded to the increased levels of GA, in the
same. Great variation for the concentration of ABA
was also recorded in the studied samples which was
found to occur in concentration as high as 429.1 ng/
gm in dwarf (putative mutant) progenies to as low as
47.61 ng/gm in control plants. Dwarfing apple and
citrus trees are reported to contain more bark ABA
concentration than the vigorous trees and exogenous
application of ABA has resulted in shortened inter-
nodes and decreased growth in apple (Noda et al.
2000; Tworkoski and Fazio 2011). Dwarf stature of
pear variety ‘601D’ is also considered to be a result
of over accumulation of ABA (Liu et al., 2022). The
highest concentration of ABA in dwarf (putative
mutant) progenies in our study further endorses the
role of ABA in regulating plant height.
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Table 4 : Concentration of plant hormones in control, tall and dwarf plants of polyembryonic mango

variety Nekkare

Phytohomone (ng/gm) Control Tall Dwarf
IAA 4.16 1.56 0.78
ABA 47.61 305.93 429.10
GA7 0.26 0.13 0.09

CONCLUSION

The results indicate that gamma irradiation is a
potential tool for creating variability for morphological
and endomorphic traits. Considerable variation for
plant height and other morphological traits governing
overall plant stature like inter-nodal length, number of
leaves, leaf size etc. were recorded along with
alteration in stomatal length, width and density.
Reduction in plant height, shorter inter-nodes along
with production of smaller and narrower leaves at
higher dose of gamma irradiation (35 Gy)
corresponded with occurrence of smaller and broader
stomata with reduced stomatal density. Furthermore,
the concentration of ABA was found to be highest in
morphologically dwarf (putative mutant) progenies of
Nekkare. The results confirm the effectiveness of
higher dosage of gamma irradiation (35 Gy) for
developing dwarfing rootstocks in mango to be used
in high density planting.
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ABSTRACT

The evaluation of morphological and yield traits of tamarind genotypes was carried out during
2017-18 at Forest Research Station, Govinkovi, Honnali taluk, Davangere district. The
experiment was laid out in randomized complete block design with 16 genotypes and three
replications. Trees were 14-years-old and of grafted origin. All the morphological and yield
traits showed significant difference among the selected genotypes indicating the presence of
adequate variations. The genotypes recorded morphological variation in terms of tree shape
(semi-circle to irregular shape), foliage arrangement (dense to sparse), flowering time (early,
mid and late), stem colour (dark brown, brown and light brown), bud colour (greenish white,
pink, dark pink), petal colour (yellow and pale yellow), pod colour (greyish brown, brown,
light brown and dark brown), pulp colour (light brown, brown and reddish brown), pod shape
(straight, slightly curved, curved and deeply curved) and pod size (very big, big, medium
and small). The analysis of variance revealed significant difference with respect to tree height,
stem girth, pod traits, pod yield per tree (K-9 : 12.80 kg), number of pods per tree (NTI-52
: 989.07) and pulp per cent (K-9 : 48.87). Among the 16 genotypes, the genotype K-9 was
found superior with respect to pod size, pod weight, pulp weight and pod yield per tree.
Genotype K-9 was found promising and due to perennial in nature further evaluation is
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INTRODUCTION

Tamarind (Tamarindus indica L.) is a multipurpose
tree belonging to the family Leguminosae (Fabaceae).
It is a tropical fruit tree used primarily for its fruits,
either eaten fresh or processed. In India, it is
commonly grown in Karnataka, Madhya Pradesh,
Bihar, Chattisgarh, Andhra Pradesh and Tamil Nadu.
It is a robust tree which grows well even under
different climatic conditions viz., tropical, subtropical
and arid. In olden days it was grown from self sown
seeds or by sowing seeds of unknown parentage.
Hence, they exhibit a wide range of variation for
morphological and yield traits. This variation may be
due to effect of genetic or environmental or both.
Therefore, it may be worthwhile focusing only on the
very best trees in relation to neighboring ones and trees
may be selected within the ecological zones. Before

formulating any selection programme, it is necessary
to understand the extent of variation among the
genotypes and apply them for an increase in the pod
and pulp production (Nicodemus et al., 1997).

Many tamarind trees have been identified which were
of seedling origin and they were multiplied vegetatively
and maintained in the gene bank. Different genotypes
which are propagated by vegetative means are being
cultivated in different parts of the country. They have
to be evaluated for morphological and yield attributing
traits. Further, the elite lines may be useful in selection
programme for the development of new cultivars.

MATERIALS AND METHODS

This study was carried out during 2017-18 at Forest
Research Station, Govinkovi, Honnali taluk,
Davangere district which is situated in the Southern
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Transitional Zone of Karnataka at a latitude of
14.165367 and longitude of 75.6680832. The
experiment was laid out in randomized complete block
design with three replications and 16 genotypes viz.,
K-9, NTI-52, K-11, S-7, S-8, S-14, S-3, N-6, D-2,
C-4, D-9, NTI-89, D-19, S-6, K-10 and K-12. The
morphological traits recorded were tree height, stem
girth, tree shape, foliage arrangement, flowering time,
stem colour, bud colour, petal colour, pod colour, pulp
colour, pod shape, pod size and shell detachability
along with that yield traits were also recorded. The
height of the tree was measured from base to tip of
the tree by using a pole and measuring tape, it was
expressed in terms of meters. The girth of the tree
trunk was measured by using a measuring tape and
the reading was expressed in terms of meters. Tree
shape, foliage arrangement, stem colour, bud colour,
petal colour and pod shape were characterized based
on visual observations. Tree shape was categorized as
dome, cone, oval, round, semi-circle and irregular
shapes. Foliage arrangement was categorized as dense
and sparse arrangement. Based on the time of flower
initiation, flowering time was categorized as early, mid
and late flowering. Stem colour was categorized as
light brown, brown and dark brown. Bud colour was
categorized as greenish white, pink and dark pink.
Petal colour was categorized as pale yellow and
yellow. Pod and pulp colour was classified by using
colour chart of Royal Horticultural Society (R.H.S),
London. Pod shape was categorized as deeply curved,
curved, slightly curved and straight. Based on the
length, width and curvature of the pod, pod size was
classified as very big, big, medium and small. Based
on the ease of separation of shell from the pod, shell
detachability was classified as easy, slightly hard and
hard. Yield traits such as pod yield per tree was
recorded at different intervals of harvest and expressed
in kilograms. The number of pods per tree was
recorded from each harvest and total yield was
computed. Pulp per cent was calculated by dividing
weight of pulp by weight of pod and multiplied by
100. Shell per cent was calculated by dividing weight
of shell by weight of pod and multiplied by 100. Fibre
per cent was calculated by dividing the weight of fibre
over weight of pod and multiplied by 100. The number
of fibres per pod was counted after separating fibres
from the pulp and was expressed in numbers. The beak
length of each pod was measured with the help of a
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thread and expressed in terms of centimetres. The
experimental data recorded on various traits during the
investigation were analyzed statistically using the
method of analysis of variance (ANOVA) for
randomized complete block design (RCBD) as given
by Gomez and Gomez (1984). Whenever ‘F’ test was
found significant for comparing the means of two
treatments, the critical difference (C.D. at 5%) was
worked out.

RESULTS AND DISCUSSION

In the present study the morphological traits showed
significant variation (Table 1) among the selected
genotypes indicating the presence of adequate
variations. Two different shapes of tree were observed
viz., semicircle (K-9, S-7, N-6, D-2, D-19, K-10 and
K-12) and irregular (NTI-52, K-11, S-8, S-14, S-3,
C-4, D-9, NTI-89 and S-6). The foliage arrangements
observed were dense (K-9, NTI-52, S-14, N-6, D-2,
C-4, D-9, NTI-89, D-19, S-6, K-10 and K-12) to
sparse(K-11, S-7, S-8 and S-3). Early (K-9, NTI-52,
K-11, N-6, NTI-89, K-10 and K-12), mid (S-7, S-8,
S-14, S-3, C-4 and S-6) and late flowering (D-2, D-
9 and D-19) was recorded among the genotypes and
pod beak was present in all the 16 genotypes. The
variations with respect to the above characters are due
to the effect of genotypic character and environmental
conditions. Variation in tamarind genotypes were also
carlier reported by Algabal ef al. (2012) and Bhogave
et al. (2018).

The colour traits among the genotypes showed wide
variations (Table 2), in which the stem colour
ranged from dark brown, brown and light brown.
Bud colour ranged from greenish white, pink and
dark pink. The different petal colours recorded were
yellow and pale yellow. Variation with respect to
petal and bud colour is due to genotypic effect.
These wide range of colouration in reproductive
organs that can serve as an immense breeding value
and can be used not only as a morphological marker
in progeny testing programme but can also enhance
the fruit set by enhancing the pollinators. While,
the different pod colour recorded were greyish
brown, light brown, brown and dark brown. The
colour of the pulp varied from light brown, brown
to reddish brown. The variation with respect to the
colour traits is due to the distinct feature of
different tamarind genotypes and supported by
Bhogave et al. (2018).
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Table 1 : Variation in morphological traits and flowering time of tamarind genotypes

Trait Category Genotypes
Tree shape Semi circle | K-9, S-7, N-6, D-2, D-19, K-10 and K-12
Irregular NTI-52, K-11, S-8, S-14, S-3, C-4, D-9, NTI-89 and S-6
Foliage Dense K-9, NTI-52, S-14, N-6, D-2, C-4, D-9, NTI-89, D-19, S-6, K-10 and K-12
arrangement
Sparse K-11, S-7, S-8 and S-3
Flowering Early K-9, NTI-52, K-11, N-6, NTI-89, K-10 and K-12
time
Mid S-7, S-8, S-14, S-3, C-4 and S-6
Late D-2, D-9 and D-19

Table 2 : Variation in colour of the selected tamarind genotypes

Genotype Stem colour Bud colour Petal colour Pod colour Pulp colour
K-9 Dark brown Dark pink Yellow Brown Reddish brown
NTI-52 Brown Dark pink Pale yellow Brown Brown
K-11 Brown Dark pink Yellow Grayish brown Brown

S-7 Light brown Pink Pale yellow Grayish brown Light brown
S-8 Light brown Pink Yellow Brown Reddish brown
S-14 Brown Dark pink Pale yellow Dark brown Reddish brown
S-3 Brown Dark pink Yellow Light brown Brown
N-6 Brown Dark pink Yellow Light brown Light brown
D-2 Brown Pink Pale yellow Brown Brown
C-4 Brown Greenish white Pale yellow Brown Brown
D-9 Light brown Pink Pale yellow Brown Brown
NTI-89 Brown Greenish white Pale yellow Brown Reddish brown
D-19 Brown Dark pink Pale yellow Grayish brown Reddish brown
S-6 Brown Greenish white Pale yellow Dark brown Reddish brown
K-10 Light brown Pink Pale yellow Grayish brown Brown
K-12 Light brown Pink Pale yellow Grayish brown Brown

With respect to the shape of the pod viz., straight,
slightly curved, curved and deeply curved were
recorded. Based on the length, breadth and curvature
of the pod, pod size is classified as very big, big,
medium and small sized pods. The variation with
respect to the above traits (Table 3) is due to the effect
of genotypic difference among the genotypes. Based
on the ease of separation of shell from the pod, shell
detachability was classified as easy, hard and very
hard. This variation (Table 3) is due to the
compactness or attachment of seeds to the pulp or shell
to the pulp. Apart from this, it also depends on shell
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thickness. The results are also supported by Sharma
et al. (2015).

Among 16 genotypes studied, the longest tree height
was recorded in K-9 (5.08 m) while, the shortest was
recorded in K-10 (3.00 m) and the maximum stem
girth was recorded in K-9 (1.01 m) whereas, the
minimum was recorded in S-7 (0.48 m). The variation
with respect to tree height and stem girth (Table 4) is
due to the effect of genotypic difference among the
genotypes and also due to the differential utilization
of resources from the soil. Such factors are known to
cause morphological and genetic evolutionary
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Table 3 : Variation in pod shape, pod size and shell detachability of tamarind genotypes.

Genotype Pod shape Pod size Shell detachability

K-9 Deeply curved Very big Very hard

NTI-52 Slightly curved Medium Easy

K-11 Slightly curved Small Hard

S-7 Deeply curved Big Hard

S-8 Slightly curved Medium Easy

S-14 Slightly curved Medium Easy

S-3 Slightly curved Medium Easy

N-6 Curved Big Easy

D-2 Slightly curved Medium Easy

C-4 Slightly curved Medium Easy

D-9 Curved Medium Hard

NTI-89 Slightly curved Big Easy

D-19 Curved Medium Easy

S-6 Curved Medium Easy

K-10 Straight Medium Very hard

K-12 Slightly curved Medium Very hard

Table 4 : Variation in quantitative traits of tamarind genotypes
Genotype | Tree height | Stem girth Pod Pulp per Shell Fibre Number of
(m) (m) yield per tree | cent per per cent per cent fibres
(kg) pod per pod per pod per pod
K-9 5.08 1.01 12.80 48.87 21.47 6.17 4.03
NTI-52 4.13 0.85 10.79 40.78 27.06 2.84 4.27
K-11 3.17 0.58 4.77 41.18 23.83 2.16 3.07
S-7 3.67 0.48 5.97 42.10 22.39 3.17 5.00
S-8 3.67 0.53 5.03 46.38 22.07 5.13 3.97
S-14 3.33 0.58 4.55 44.45 15.78 3.24 3.80
S-3 4.23 0.62 3.96 52.03 28.13 3.45 2.90
N-6 4.00 0.77 9.07 42.03 22.21 6.94 7.33
D-2 4.50 0.93 6.88 38.45 25.97 2.96 5.37
C-4 4.17 0.65 4.53 44.50 27.60 3.10 2.97
D-9 4.00 0.60 5.33 38.07 26.15 3.16 4.93
NTI-89 4.13 0.57 8.72 42.13 26.03 3.51 4.03
D-19 3.87 0.60 6.84 44.52 17.18 3.94 4.93
S-6 4.10 0.49 4.44 42.15 16.53 4.13 4.37
K-10 3.00 0.60 8.21 40.52 27.53 4.92 7.23
K-12 3.20 0.70 7.38 35.09 28.87 5.48 5.87
S. Em + 0.35 0.06 0.45 1.24 0.75 0.31 0.30
C.D @5% 1.01 0.17 1.30 3.58 2.17 0.90 0.86
J. Hortl. Sci. 275
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divergences among the population. The supporting
results have also been reported by Rao and
Subramanyam (2010) and Divakara and
Rathakrishnan (2011).

Significant difference in pod traits (Table 4) indicates
the scope of genetic improvement. The genotype K-9
recorded significantly higher pod yield (12.80 kg/tree)
and pulp per cent (48.87 %). The variation is
attributed due to the difference in pod length, width,
circumference, thickness and difference in the rate of
development of vascular tissues (Pooja et al., 2018).
The highest number of pods per tree was recorded in
NTI-52 (989.07) and the lowest number of pods per
tree was recorded in S-8 (206.48) (Fig. 1). The
minimum pod yield per tree was recorded in S-3 (3.96
kg/tree). The variation with respect to number of pods
per tree is due to the higher number of primary and
secondary branches and also inherent genetic makeup
of each genotype. Apart from this, it also depends on
environmental conditions. The highest beak length was
recorded in D-19 (0.05 c¢m) and the lowest was
observed in S-7, S-14, N-6, D-9, K-10 and K-12 (0.01
cm) (Fig. 2). The maximum number of fibres per pod
was recorded in N-6 (7.33) and the minimum was
recorded in S-3 (2.90). The difference in fibre number

Number of pods per tree

Genolypes

Fig. 1 : Variation in number of pods per tree of
tamarind genotypes
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Fig. 2 : Variation in the beak length of
tamarind genotypes
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is attributed to the genetic makeup of each genotype.
These findings are in line with the views reported by
Fandohan et al. (2011) and Singh and Nandini (2014).

The highest pulp per cent was recorded in S-3 (52.03
%) which was on par with K-9 (48.87 %) and the
lowest was observed in K-12 (35.09 %). The
difference in pulp per cent per pod (Table 4) is clearly
attributed due to the length, width, thickness and pulp
content of the pod and also distinct feature of different
genotypes. Similar results have also been reported by
Prabhushankar et al. (2004) in tamarind and Usha et
al. (2018) in macadamia nut. A significant difference
was observed among the genotypes in respect of shell
per cent per pod. The maximum shell per cent was
recorded in K-12 (28.87 %) which was on par with
S-3 (28.13 %) and C-4 (27.60 %) and the lowest was
recorded in S-14 (15.78 %) which was significantly
lower than all other genotypes. The variation in shell
per cent is due to the difference in pod size, shell
thickness and shell weight. Apart from this, it is
inherent genetic makeup of each genotype. Similar
variations with respect to shell per cent was also
observed in tamarind by Sivakumar (2000) and
Kotecha and Kadam (2002). The highest fibre per cent
per pod was recorded in N-6 (6.94 %) which was on
par with K-9 (6.17 %) and the lowest was observed
in K-11 (2.16 %). The variation with respect to fibre
per cent is due to the difference in the rate of
development of vascular tissues in the pod, fibre
weight per pod and also distinct feature of the different
genotypes. Similar variations with respect to fibre per
cent were also reported by Hanamashetti and Sulikeri
(1997), Mastan et al. (1997) and Divakara (2008) in
tamarind.

CONCLUSION

The study revealed existence of considerable variations
among the genotypes for all the traits studied. The
genotype K-9 was found superior compared to all
other genotypes with respect to pod size, pod weight,
pulp weight and pod yield per tree. Therefore,
genotype K-9 found promising and subjected for
further evaluation to ensure consistent results for
utilization.
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ABSTRACT

India is the second largest producer of tomato with 11 per cent global share and cultivated
on an estimated area of 0.76 million hectares with productivity of 24 tonnes per hectare. Less
than 1% of the produce is processed when compared to 26% in other major producing
countries. Of the estimated more than 41 million tonnes of tomato processed globally, only
130,000 tonnes were processed in India and domestic demand for processed tomato products
is expanding at an estimated 30% annually. At present traditional fresh market tomato
cultivars are being processed though such cultivars are unsuitable for processing. Processors
in India are looking for high yielding tomato cultivars with high total soluble solids (5-6 °
Brix), acidity not less than 0.4%, pH less than 4.5 and uniform red colour with a/b colour
value of at least 2. In addition, firm fruited tomato cultivars with joint less pedicel (j2) which
facilitate mechanical harvesting or rapid hand picking. ICAR-Indian Institute of Horticultural
Research has recently developed two high yielding F, hybrids in tomato viz: Arka Apeksha
and Arka Vishesh suitable for processing. On evaluation for three years, both the hybrids
recorded good level of total soluble solids (4.5-5° Brix) and colour value of 2. Further, both
the hybrids had high yield potential (80-90 tonnes / hectare) with triple disease resistance to
tomato leaf curl disease, bacterial wilt and early blight. Arka Apeksha and Arka Vishesh were
also bred with jointless pedicel making them suitable for mechanical harvesting. Our
experimental studies on vine storability revealed that all the fruits were intact on plants even

110 days after transplanting in the main field facilitating once over harvest.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the
most important vegetable crops cultivated in the
world. It is used as salads and also cooked
vegetable in the preparation of curries. Processed
items such as tomato puree, ketchup, pickle,
chutney, whole peeled tomatoes, and tomato powder
are also consumed considerably. Tomatoes are also
an important source of vitamins and minerals. They
are an excellent source of phosphorus, iron and
vitamin A, B and C (Cobley and Steele, 1976).
They also contain small amounts of the B complex
vitamins; thiamin, niacin and riboflavin (Naika et
al., 2005). They are loaded in minerals, vitamins,
essential amino acids, sugars and dietary fibers.

Most importantly, tomatoes are rich in carotenoids,
especially lycopene (Beecher, 1998). Lycopene and
other flavonoids in tomato serve as good source of
antioxidants (Agarwal and Rao, 2000). Tomato
occupies 5.05 million hectares with a productivity
of 37 t/ha in the world. In India it is cultivated in
an estimated area of 0.81 million hectares with
productivity of 25.3 t/ha (FAO STAT 2020). One
of the major reasons for low productivity in India
is due to prevalence of various biotic and abiotic
stresses. White fly (B. tabaci) transmitted tomato
leaf curl disease, bacterial wilt (R. solanacearum)
and early blight (4. solani) cause economic yield
losses in the major tomato growing areas of the
country and elsewhere in the world (Lukyanenko,
1991). Though India is the second largest producer

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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of tomato with 11 % global share, less than 1% of
the produce is processed when compared to 26%
in other major producing countries Of the estimated
more than 41 million tonnes of tomato processed
globally, only 130,000 tonnes are processed in India
and domestic demand for processed tomato
products is expanding at an estimated 30% annually
(Subramaniam, 2016). At present traditional fresh
market tomato cultivars are being processed though
such cultivars are unsuitable for processing.
Processors in India are looking for high yielding
tomato cultivars with high total soluble solids (5-
6° Brix), acidity not less than 0.4%, pH less than
4.5 and uniform red colour with a/b colour value
of at least 2 (Stevens and Rudich, 1978). In
addition, firm fruited tomato cultivars with joint
less pedicel (j2) which facilitate mechanical
harvesting or rapid hand picking. Tomato breeding
programme at ICAR-Indian Institute of
Horticultural Research, Bengaluru has resulted in
the development of high yielding dual purpose F,
hybrids with triple disease resistance to tomato leaf
curl disease (ToLCD), bacterial wilt (BW) and
early blight (EB) suitable for both fresh market and
processing.

MATERIALS AND METHODS

Development of triple disease resistant lines and F,
hybrids

Back cross breeding method was adopted during
2005 to pool genes carrying resistance to ToLCD,
BW and EB. An advanced breeding line [IHR-2202
(CLN-2123-Dc1F1-111-17-21-2-12) with combined
resistance to ToLCD +BW received from The
World Vegetable Center (WVC) was crossed with
EB resistant line [IHR-1816 (NCEBR1). The
resultant F, was backcrossed to IIHR-1816 and
further advanced up to BC1F7 to develop seven
advanced breeding lines with triple disease
resistance to TOLCD+BW+EB (Fig. 1).

All the seven advanced breeding lines were resistant
to ToLCD (7y 2), BW and EB had high potential
with good fruit quality attributes like deep red and
firm fruits. All the seven lines were crossed with
eight advanced breeding lines received from The
World Vegetable Center, Taiwan in a line X tester
design to develop 56 hybrids with triple disease
resistance. Two hybrid combinations viz., IIHR-
2834 (TLBER-12-21-43-1) x ITHR-2833 (CLN-
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ITHR-2202 (Combined resistant to ToLCV +
BW) x ITHR-1816 (Moderately resistant to EB)
2
F1 x IIHR-1816
2
BC1F1
(Triple disease resistant recombinants selected
underartificial conditions and advanced)

2
BCI1F7
(Seven advanced breeding lines viz; TLBER-7-
12-15-28, 7-12-15-29, 7-4-11-29, 7-4-11-34, 38-7-
4-27, 38-7-41-43 and 12-21-43-1 with triple
resistance were selected)

Fig. 1 : Flow chart detailing the development of triple
disease resistant tomato lines

2498D) later named as Arka Rakshak and IIHR-
2835 (TLBER-38-7-4-27) x IIHR-2832 (CLN-
2498E) later named as Arka Samrat were resistant
to TOLCD+BW+EB with high yield potential &
excellent fruit quality attributes. Both Arka
Rakshak and Arka Samrat were identified at
Institute level for commercial cultivation during
2010 (Fig. 2).

RESULTS AND DISCUSSION

Development of dual purpose F, hybrids in
tomato with triple disease resistance

Breeding for dual purpose tomato was initiated
during 2016. Our aim was to develop high yielding
triple disease resistant F hybrids suitable for both
fresh market and processing for year-round
cultivation under open. Several hybrid combinations
were attempted involving the triple disease resistant
parent IIHR-2834 which had jointless (j2) pedicel
which facilitates mechanical harvesting. [IHR-2834
was crossed with two advanced breeding lines viz.,
ITHR-2918 (ToLCVRES4-F3-21-9-1) and ITHR-
2917 (ToLCVRES4-F3-188-1-1) which were
resistant to TOLCD (7y 3) and BW and later named
as Arka Apeksha (H-385) and Arka Vishesh (H-
391) respectively (Fig. 3).

Performance of dual purpose F, hybrids: Arka
Apeksha (H-385) and Arka Vishesh (H-391)

A total of eighteen F | hybrids including two hybrids
viz., H-385 (ITHR-2834 x ITHR-2918) and H-391

(ITHR-2834 x IIHR-2917) were evaluated for two
years viz., 2017 (rainy season), 2017-18 (winter



i Sadashiva et al

Arka Rakshak Arka Samrat

Fig. 2 : Triple disease resistant F, hybrids developed at I[CAR-ITHR
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Arka Vishesh (H-391)

Fig. 3 : Arka Apeksha and Arka Vishesh dual purpose tomato F hybrids

season) and 2018 (rainy season) and 2018-19
(winter season) respectively under open field
conditions. Five commercial F hybrids viz., Arka
Rakshak, Arka Samrat, Abhinava, Lakshmi and
Shivam were also included as checks. During rainy
season (2017), H-397 was the highest yielder
followed by H-391 (94 t/ha), H-387 (84 t /ha) &
H-385 (83 t /ha) (Table 1).

During winter season (2017-18), H-391 (44 t/ha)
was the top yielder followed by H-387 (34 t/ha) and
H-397 (33t/ha) (Table 2). During rainy season
(2018), H-397 (51.88T/ha), H-387 (46t/ha), H-391
(28 t/ha) and H-385 (25 t/ha) (Table 3) were the
top yielders among the processing type. During
winter season (2018-19) both H-391 (31 t/ha) and
H-385 (30t/ha) were also high yielders (Table 4).
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Mean yield over all the seasons revealed that H-
385 (46 t/ha) &H-391 (43 /ha) (Table 5) expressed
high yield potential over the commercial dual
purpose hybrid Abhinava (40 t/ha). Both these two
hybrids also recorded average fruit weight of 70g-
90g with high TSS (5°Brix) and deep red firm fruits
(8 kg/cm?) which meet present day market demand.
During rainy season (2018), both the hybrids viz.,
H-385 and H-391 were triple disease resistant to
ToLCD+BW+EB, whereas commercial hybrids
expressed moderate resistance and susceptible
reaction to ToLCD and BW (Table 6). Four
season’s data revealed that H-385 and H-391 had
high yield potential & commercially acceptable fruit
quality attributes with triple disease resistance to
ToLCD, BW and EB. Pooled analysis for yield per
hectare over three years confirmed yield stability
of Arka Apeksha and Arka Vishesh (Table 7)
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Table 7 : Pooled analysis for estimated yield per hectare

Hybrid 2017 Yielz(:lfgha) 2019
H-385 (Arka Apeksha) 83.0 24.7 30.0
H-387 84.0 46.1 28.8
H-391 (Arka Vishesh) 93.2 28.1 314
H-397 112.8 51.9 28.9
H-423 52.5 22.7 28.9
H-501 79.5 21.0 24.8
H-502 89.5 2.8 28.1
H-504 72.3 1.0 28.6
H-505 74.7 9.8 26.1
H-506 98.3 22.2 28.0
H-1021 88.8 27.6 28.3
H-1025 89.0 17.8 25.3
H-6321 92.2 40.6 32.3
Arka Rakshak 90.2 52.7 26.6
Arka Samrat 103.3 40.7 23.7
Laxmi 102.3 4.4 22.9
Shivam 99.8 25.5 21.6
Abhinav 88.3 25.8 30.7
CD (P=0.05) 10.86

CV (5%) 24.58

Assessment of Arka Apeksha (H-385) and Arka
Vishesh (H-391) for processing qualities

Processing qualities in fine pulp were estimated in
Arka Apeksha and Arka Vishesh at ICAR-IIHR,
Bengaluru. Both the hybrids exhibited higher values
for TSS (>5°Brix), lycopene (>12 mg/100g) and
colour index (47) (Table 8). Processing qualities in
tomato puree was also estimated in Arka Apeksha and
Arka Vishesh. Arka Vishesh recorded the highest TSS
(11.20° Brix) when compared to commercial puree
marketed by popular processing Industries such as
Dabur, Kisan and Morton (Table 9). Both the hybrids
also exhibited higher values for lycopene (> 13 mg/
100g). Higher values were also observed for TSS
(>27°Brix) & lycopene (>14 mg/100g) in tomato paste
in both the hybrids (Arka Apeksha & Arka Vishesh)
(Table 10). In order to assess the processing qualities
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and suitability of Arka Apeksha (H-385) and Arka
Vishesh (H-391), fruit samples were supplied to four
commercial processing industries located in the
different states in the country viz.,, Sahyadri Foods,
Nashik, Maharashtra state, Sun-sip Foods,
Srinivasapura, Karnataka State, Jadli Foods,
Krishnagiri, Tamil Nadu State and Cremica Food
Industries Ltd., Phillaur, Punjab State. Sahydri Foods
analysed fruit samples of four entries viz., Arka
Apeksha, Arka Vishesh, Abhinav and Arka Ashish (a
pure line selection from UC82B) for Hunter Lab
colour value, lycopene, acidity, TSS, pH and total
solids in the initial pulp and puree (Table 11). Colour
value was more than 2 in the puree in all the samples.
Arka Apeksha and Arka Vishesh recorded TSS 4°
Brix and >12°Brix in the initial pulp and puree
respectively which was slightly more than dual
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Table 8 : Processing qualities attribute for fine pulp
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Hybrid TSS Total Juice pH Acidity | Vit-C | Lycop- | Tomato
(°Brix) | Solids Yield (%) (mg/ |ene (mg/| Colour
(%) (%) 100g) 100g) Index
Abhinav 5.68 7.54 74 4.2 0.38 27.84 10.26 44
H-397 5.66 6.86 67 4.1 0.33 17.52 12.19 45
Arka Vishesh (H-391) 5.40 6.60 70 4.3 0.54 15.83 12.97 47
Arka Apeksha (H-385) 5.33 6.88 74 4.2 0.54 20.15 13.41 47
H-387 5.00 7.26 74 4.1 0.52 13.85 11.95 47
Table 9 : Processing qualities- tomato puree
Hybrids TSS pH Acidity Vit-C | Lycopene | Colour | Tomato
(°Brix) (%) (mg/ (mg/ Value Colour
100g) 100g) Index
Abhinav 10.2 4.1 0.66 36.56 11.90 0.99 42.18
H-397 10.80 4.1 0.67 22.26 13.91 1.20 45.65
Arka Vishesh (H-391) 11.20 4.1 0.83 28.75 13.03 1.36 47.21
Arka Apeksha (H-385) 8.80 4.1 0.81 27.54 13.41 1.28 47.99
H-387 10.33 4.0 0.72 24.06 13.38 1.34 50.46
Dabur old 9.8 3.9 0.59 13.42 14.02 1.21 45.22
Dabur new sample 10 3.8 0.60 14.66 13.92 - -
Kisan 8.9 4.0 0.62 26.47 10.65 1.31 47.10
Morton 9.0 4.0 0.634 19.74 10.72 1.14 45.38
Table 10 : Processing qualities-tomato paste
Hybrid TSS Acidity Colour Tomato | Vitamin | Lycopene | Tomato
(°Brix) (%) Value as | Colour C (mg/ (mg/ Colour
per Index 100g) 100g) Index
formula
Abhinav 28.0 1.95 1.20 47.72 47.13 12.85 28.0
H-397 27.5 1.31 1.73 53.36 32.08 14.16 27.5
Arka Vishesh (H-391) 27.0 1.72 1.38 48.98 38.97 14.13 27.0
Arka Apeksha (H-385) 26.2 1.43 1.40 50.65 36.58 14.15 26.2
Indira 28.0 1.12 1.21 45.22 32.33 14.08 28.0

purpose commercial hybrid Abhinav and processing
variety Aka Ashish. But Arka Ashish (476) recorded
highest lycopene (C/2 scale) followed by Abhinav
(473), Arka Apeksha (469) and Arka Vishesh (442).
Acidity was less than 0.26 in Arka Ashish and
Abhinav. pH was less than 4.3 in all the entries. Arka
Apeksha recorded the highest total solids (86.35%)
(Table 11) in the puree. Both Arka Apeksha and Arka

Vishesh had acceptable processing qualities. Sun-sip
foods analysed fruit samples in Arka Apeksha, Arka
Vishesh and Abhinav for process time, Brix, acidity,
pH, colour value and number. of pouches filled. All
the parameters were on par with each other in the
initial pulp and the final product, where as Arka
Apeksha (2 hr 12 min) took less time compared to
Arka Vishesh (2 h 25min ) & Abhinav (2 h 27 min)
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Table 15 : Processable characteristics for Arka Vishesh (H-391) and Aka Apeksha (H-385)

Parameter H-391 H-385 P;rr?)‘c':;f;sg ‘;fj:l‘;fr;’y
TSS (degree °Brix) 4-4.6 4-4.7 4.2 or higher (Higher the better)
Colour value 1.98-2.12 1.96-2.09 > 1.95

Acidity (%) 0.32-0.36 0.34-0.38 <0.40

pH 4.21-4.41 4.12-4.40 <4.40

Texture/ Firmness 4.09-5.41 4.05-4.30 >4

Lycopene (mg/100g fresh weight) 8.5-10.5 11.12-11.42 >8.0

Lrepene s i e

Viscosity (Bostwick, cms/30 sec) 14-14.20 12-12.50 7-14

(Table 12). Jadli foods carried out physical, chemical
and organoleptic analysis of fresh fruits. All the
parameters in Arka Apeksha and Arka Vishesh were
on par with commercial hybrid Abhinav (Table 13).
Cremica analysed both Arka Apeksha and Arka
Vishesh for TSS (4°Brix), pH (4.4), acidity (0.35),
colour value (>2) and viscosity (12-14) (Table 15).

CONCLUSION

Values obtained for all the parameters revealed that
both the hybrids in Arka Apeksha and Arka Vishesh
were suitable for processing. The processing qualities
analysed by four commercial processing industries
were in the acceptable range as desired by the
processing industry in India. However, there is a need
to breed tomato varieties / F| hybrids with higher TSS
(5.5-6° Brix).
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ABSTRACT

Anthracnose is one of the most destructive fungal diseases caused by Colletotrichum
gloeosporoides in yard long bean, leading to complete crop loss at all stages and its parts
like hypocotyls, stem, peduncle, flowers, leaves and pods were seriously affected. Few bush
type cowpea cultivars have been earlier identified as reliable sources of resistance while trailing
types are susceptible, but high yielding. Breeding resistant varieties is suggested as the only
practical strategy, especially under hot and humid condition. Fifty-yard-long bean genotypes
belonging to bush, semi erect and pole types were screened against anthracnose disease
through artificial inoculation under pot culture. The present study identified the resistant
varieties of vegetable cowpea through artificial inoculation followed by detached leaf assay.
Among the 50 varieties of yard long bean observed, Kanakamony, dual purpose yard long
bean was found highly resistant with disease severity of 3.67% followed by Arimbra local.

Keywords: Anthracnose, Colletotrichum gloeosporoides and yard long bean

INTRODUCTION

Yard long bean (Vigna unguiculata subsp.
sesquipedalis (L.) Verdcourt), a trailing type of
vegetable cowpea (2n= 24) is one of the most popular
and remunerative vegetable crops traditionally grown
in Kerala. Due to the favourable agro climatic
conditions, the crop has gained much importance and
has come to occupy a prime position among the
vegetable crops raised in the state. But the production
of vegetable cowpea is hindered by an array of
diseases that cause growth suppression or death of
plants, leading to reduction in yield and productivity.
Sreeja (2014) conducted periodical survey in the
potential  cowpea  growing  areas  of
Thiruvananthapuram district and reported that among
the six major fungal diseases, anthracnose was found
to be the most predominant one (0-55%). Disease
index ranged between 0 - 33.30 and considerable yield
losses were attributable to the disease.

Anthracnose is a destructive fungal disease caused by
Colletotrichum spp. In India, the incidence of
anthracnose disease was first reported from
Maharashtra (Rao, 1966). According to Emechebe and
Lagoke (2002), all stages of the crop and its parts like

hypocotyls, stem, peduncle, flowers, leaves and pods
were seriously affected. Previous attempts to identify
reliable sources of resistance have led to the
identification of few bush type resistant cowpea
(Kumar, 1999), as most of the trailing cultivars are
susceptible to anthracnose, but high yielding compared
to the bushy or semi-trailing types.

The disease is pan-tropical in distribution and is being
widely recorded in regions where conditions are wet
and humid. Once the infection is incited under
favourable condition, its management using fungicides
is difficult. Breeding resistant varieties is suggested as
the only practical strategy, especially under hot and
humid condition. The present study identified the
resistant varieties of vegetable cowpea through
artificial inoculation followed by detached leaf assay.

MATERIALS AND METHODS

Fifty yard-long bean genotypes belonging to bush,
semi erect and pole types were screened against
anthracnose disease through artificial inoculation
under pot culture. Seeds of vegetable cowpea
genotypes were collected from different parts of India,
including the released varieties of SAUs and ICAR
institutes and stored at refrigerated conditions for the

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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study. The most virulent isolate of C. gloeosporoides
was used for artificial inoculation (Fig. 1 1). To isolate
the fungal spores for artificial inoculation, infected
plant parts were collected from field, washed in tap
water, and surface sterilised using 0.1% mercuric
chloride followed by washing thrice with autoclaved
distilled water.

The fungus was cultured in potato dextrose agar
medium and mycelial growth was observed through
microscope. All Petri dishes were incubated at room
temperature (25+2°C). Petri dishes were examined for
the growth of the pathogen and the morphological
characteristics were observed. Inoculum was prepared
from secondary culture of 7 day- old culture, by
scrapping off the mycelium and spores and suspended
in 100 ml sterile distilled water.

Seven seeds each of fifty genotypes were sown in two
pots. After the germination, five healthy seedlings were
retained and excess thinned out. Artificial inoculation
was done on 20 days old seedlings kept in pots inside
the greenhouse. Each plant was sprayed with 20 ml
of spore suspension of virulent strain of C.
gloeosporoides having a concentration of 10° spores
ml! by following serial dilution method. The plants
were covered with moistened polythene covers to
maintain high humidity (Fig. 2). Inoculated plants were
observed daily for disease incidence. Observations on
disease incidence were taken on three, five, seven, nine,
fifteen, twenty, twenty-five and thirty days. Final
observation was taken when the disease was well
expressed. Disease severity was assessed using the
scale 0-5 reported by Latunde and Dada (1990).

0. No infection
0.5. Hypersensitive spots on main stem only

1: Trace of infection — Small anthracnose lesions on
main stem, petioles of lower leaf only

2. Slight infection — Lesions on stem, petioles and
branches

3. Moderate infection — Advanced anthracnose
lesions on stem, petioles, branches, veins on the
abaxial surface of leaves

4. Severe — Advanced anthracnose lesions on stem,
petioles, branches, leaves, veins and peduncles

5. Very Severe — Advanced anthracnose lesions on
stem, petioles, branches, leaf veins, spreading
lesions on peduncle and pods
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Based on the percentage of plant area infected, disease
severity/ intensity was calculated using the following
formula (Wheeler, 1969).

Per cent disease severity =

Sum of all numerical ratings 100
Total no. of plants taken for Maximum
observation Disease category

Per cent disease incidence was calculated by using the
following formula.
Per cent disease incidence =

No. of plants infected X 100
Total no. of plants observed

Based on the per cent disease severity, the genotypes
were grouped into 5 categories as adopted by
Rajkumar et al. (1995).

Disease severity Category

0 Immune

1-10 Highly resistant

10.1 - 25 Moderately resistant
25.1-50 Moderately susceptible
Above 50 Highly susceptible

Five plants of the resistant genotype identified through
artificial inoculation were grown in the field and
detached leaf assay was done just before flowering to
confirm resistance.

RESULTS AND DISCUSSION

Observations on disease incidence were recorded at 10
days after infection. The infection was first observed
in leaves, reddish brown streaks were very prominent
on veins and veinlets. Prominent mildew symptoms
were also observed on the leaf lamina (Fig. 3). Finally,
leaves became chlorotic and detached from the infected
plant. Reddish brown lesions were also developed on
the stem. These individual lesions coalesced to form
large sunken lesions and covered the whole stem
causing drying up of the veins which is known as vine
blackening. The pods were rottened, grey in colour,
covered with black fruiting bodies of fungus.
According to the visible symptoms, the plants were
awarded disease scores. Among the 50 genotypes
tested, Kanakamony, a dual purpose yard long bean
variety was found to be highly resistant with disease
severity of 3.67%, followed by Arimbra local with
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Table 1 : Percent disease severity and disease reaction of yard long bean genotypes for
anthracnose incidence

Source Percent Disease
Genotype Severity Disease Reaction
Anaswara KAU 22.15 Moderately resistant
Bagyalakshmi KAU 13.90 Moderately resistant
Kanakamony KAU 3.67 Highly resistant
Arimbra local KAU 9.58 Highly resistant
Vyjyanthi KAU 56.84 Highly susceptible
Mithra KAU 46.90 Moderately susceptible
Githika KAU 56.70 Highly susceptible
Lola KAU 54.90 Highly susceptible
Manjari KAU 38.80 Moderately susceptible
Sharika KAU 63.80 Highly susceptible
Vellayani Jyothika KAU 55.90 Highly susceptible
KAU Deepika KAU 50.90 Highly susceptible
CO6 TNAU 24.70 Moderately resistant
Pusa Begj IARI 66.45 Highly susceptible
Kashi Kanchan IIVR 47.64 Moderately resistant
Arka Garima ITHR 23.90 Moderately resistant
Arka Mangala ITHR 24.30 Moderately resistant
Arka Samradhi ITHR 21.60 Moderately resistant
FH 31 Farm House, Trivandrum 56.50 Highly susceptible
FH 55 Farm House, Trivandrum 53.50 Highly susceptible
FH 7 Farm House, Trivandrum 70.78 Highly susceptible
VS 38 KAU 64.99 Highly susceptible
VS 53 KAU 50.12 Highly susceptible
VS 58 KAU 44.64 Moderately susceptible
VS 16 KAU 70.00 Highly susceptible
TCR 17 NBPGR 69.80 Highly susceptible
TCR 18 NBPGR 41.50 Moderately susceptible
TCR 19 NBPGR 56.00 Highly susceptible
TCR 50 NBPGR 47.25 Moderately susceptible
TCR 53 NBPGR 26.80 Moderately susceptible
TCR 54 NBPGR 36.00 Moderately susceptible
TCR 55 NBPGR 78.91 Highly susceptible
TCR 56 NBPGR 36.00 Moderately susceptible
TCR 60 NBPGR 59.49 Highly susceptible
TCR 61 NBPGR 54.00 Highly susceptible
TCR 63 NBPGR 59.45 Highly susceptible
J. Hortl. Sci. 295
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TCR 68 NBPGR 31.70 Moderately susceptible
TCR 69 NBPGR 69.22 Highly susceptible
TCR 70 NBPGR 36.23 Moderately susceptible
TCR 74 NBPGR 26.89 Moderately susceptible
TCR 75 NBPGR 44.47 Moderately susceptible
TCR 77 NBPGR 35.50 Moderately susceptible
TCR 80 NBPGR 37.95 Moderately susceptible
TCR 84 NBPGR 54.25 Highly susceptible
TCR 86 NBPGR 33.63 Moderately susceptible
TCR 91 NBPGR 55.20 Highly susceptible
TCR 92 NBPGR 33.30 Moderately susceptible
TCR 93 NBPGR 65.33 Highly susceptible
TCR 96 NBPGR 39.82 Moderately susceptible
TCR 125 NBPGR 37.49 Moderately susceptible
SE (m)+ - 1.13 -

C.D. (0.05) - 3.22 -

Fig. 2. Inoculation on
host plant

Fig. 1. Colletotrichum
gloeosporoides culture

9.58% disease severity. TCR 55(78.91 %) was found
to be highly susceptible followed by FH-7 (70.78 %)
(Table 1). Among the genotypes evaluated, eight
showed moderately resistant reaction from 13.90 to
23.40%. In the eighteen moderately susceptible
genotypes, much difference could not be noticed in
disease severity values and most of them were pole
types. In detached leaf assay, the leaves of
Kanakamony was symptomless, and the resistance was
confirmed in vitro (Fig. 4).

Anthracnose is one of the most destructive fungal
diseases caused by Colletotrichum gloeosporoides in
yard long bean, leading to complete crop loss in all
stages and its parts like hypocotyls, stem, peduncle,
flowers, leaves and pods were seriously affected. C.

- e
Yy r.

Fig. 4. Resistant line
Kanakamony

Fig. 3. Symptoms on
susceptible host

gloeosporioides has a wide host range including
Brassica campestris, legumes, pigeon pea, soybean,
brinjal, pumpkin, cucumber, tomato, spinach, mung
bean, broad bean, cowpea, efc. (Sharma and
Kulshrestha, 2015). Symptomatology studies on
anthracnose of cowpea was conducted by Sreeja
(2014). The initial symptoms appeared as minute,
circular to irregular spots on the leaves which later
increased in size and turned light to dark brown in
colour and coalesced together to form large, necrotic
spots on the leaves with shot holes. On the stem and
vines, symptoms appeared as spindle shaped lesions
with light grey centre and reddish-brown margin which
enlarge upto 10-12 mm in length. In the later stages,
small, irregular deep-seated reddish-brown spots
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appear on the pods also. Isolation, characterization and
identification of the pathogen revealed that
Colletotrichum gloeosporioides was associated with
anthracnose.

Adebitan and Olufajo (1998) reported that grain types
exhibited better resistance to anthracnose. Artificial
inoculation of fifty genotypes confirmed the resistance
in Kanakamony, followed by Arimbra local, hence
these varieties are valuable sources for anthracnose
resistance breeding programme. Kanakamony is a
dual-purpose cowpea (grain cum vegetable) belonging
to the sub-species cylindrica. Shiny et al. (2015)
reported that susceptible bush-type cultivar Pusa
Komal and pole type cultivar Lola showed 100 and
68.80 % disease severity while the immune bush type
cultivar Kanakamony was free from the symptoms and
pole type Arimbra Local showed 8.80 % disease
severity using SDS-PAGE.

CONCLUSION

These results support that Kanakamony is highly
resistant to C. gloeosporoides causing anthracnose.
Since fungicides and chemicals are not fully effective,
the transfer of resistance from the cultivars to trailing
types can only be a durable solution. Hence the results
revealed that the highly resistant genotypes
Kanakamony and Arimbra local could be
recommended for crop improvement programmes in
trailing type vegetable cowpea for enhancing the
resistance to anthracnose.
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ABSTRACT

Generation mean analysis of brinjal lines, GL 401 x BR 104 (CROSS I), GL 401 x W 230
(CROSS II) and W 230 x RMO 1142 (CROSS III) six generation of three crosses viz.
highlighted the involvement of epistatic interactions (duplicate) for most of the qualitative
traits. However, the number of fruits per plant in CROSS I & III and fruit girth, calyx length,
and yield per plant in CROSS II confirmed the occurrence of complementary epistasis. Mainly,
additive effect for fruit girth, non-additive effect for calyx length, calyx width, peduncle girth,
fruit weight, and fruit length, and both types for peduncle length, number of fruits /cluster,
number of fruits/ plant, and yield/ plant were experienced. Additive x dominance or dominance
x dominance type of interactions were more prevalent than additive x additive type of
interactions for different traits. Cluster bearing was monogenic dominant and green color of
calyx as well as peduncle was dominant over purple with the duplicate type of epistasis. Fruit
shape was digenic with incomplete dominance. Fruit color displayed digenic control in CROSS
I & II and tri-genic ratio in CROSS III with incomplete dominance of purple and green
pigmentations producing variable color intensity in homozygous or heterozygous conditions.

Keywords: Additive effect, brinjal, dominance, epistasis, fruit color, inheritance

INTRODUCTION

Brinjal (Solanum melongena L., 2n=24) is known for
its high diversity of fruit traits. India, being the centre
of diversity, has primitive types of green, very small,
bitter fruits with hard pulp and thick peel.
Domestication, natural inter-crossing and hybridization
among different species and cultivars, natural
mutations, incessant selection have created broad fruit
diversity in brinjal (Frary et al., 2007). India has
enormous diversity in brinjal color (light to dark purple
and almost black, green, white, variegated), shape
(round, long, oblong, oval, pear type), size (big,
medium, and small), bearing habit (solitary or in
clusters) and other fruit traits (Swarup, 1995). There
are many region-wise set preferences among the
consumers based on these traits. From the marketing
point of view, purple, dark purple or black varieties
suitable for ‘Bhartha’ are generally preferred in North
India, while, long and green types are preferred in
Bihar and Southern Karnataka. In brinjal, fruiting
behaviour, fruits per plant and fruit weight are highly
correlated and important indicators of high yield
potential (Mangi et al., 2016).

For the improvement of market-oriented traits, a
suitable breeding method with set objectives can aid
in the selection of desired genotypes. The breeder can
only proceed for genetic improvement of such traits
with a confirmed knowledge about the mode of their
inheritance. In previous studies, inheritance of fruit
colour in brinjal was reported as monogenic, digenic,
or tri-genic based on the colour of parents involved
in the crosses (Kamini et al., 2007; Liu et al., 2016),
while the others have reported polygenic inheritance
with the fitment of additive-dominance-epistasis (Pang
et al., 2008; Patidar, 2015). Fruit shape was under
the control of a single gene with partial dominance of
elongated or long fruits over round fruits and role of
maternal effect in the expression of the trait as reported
by Aravindakshan (2003). However, the involvement
of one basic gene in complementation to the other three
genes was also shown for fruit shape (Kamini ef al.,
2007). In contrast to this Qiao et al. (2011) reported
the quantitative nature of fruit shape by fitting additive
major gene + additive-dominant polygene model (D-
2 model). Patidar (2015) reported the dominance of
purple calyx over the green.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



Inheritance studies on different quantitative and qualitative fruit traits in brinjal

Although a few studies have been reported on the
inheritance of fruit shape, color, bearing habit, a
combined approach describing the genetics of all these
traits is lacking. Because of the importance of these
traits in the improvement of brinjal, the present
investigation was planned to study the inheritance of
various quantitative as well as qualitative fruit traits
in brinjal.

MATERIALS AND METHODS

The present investigation was carried out at
Vegetable Research Farm of Department of
Vegetable Science, Punjab Agricultural University
Ludhiana, Punjab, India with six generations of
each for three crosses viz; GL 401 x BR 104 (Cross
I), GL 401 x W 230 (Cross II) and W 230 x RMO
1142 (Cross III) attempted among four diverse
parents in 2016-17. Each cross was used to develop
F,, BC,P, and BC P, generations in summer 2017.
Six generations (P, P, F, F., BC P, and BC P,)
of each cross were evaluated in a tri-replicated trial
in randomized block design. Each replication of
each cross carried 10, 50, and 100 plants for each
parent and hybrid, each backcross and F,
respectively. The crop was raised following
recommended cultural practices. Each plant was
observed for various qualitative and quantitative
fruit traits related to consumer preference and yield
potential. Generation means analysis for six
generations in each cross was done using the
software BMM (Singh, 1993) for estimating the
gene effects. The scaling test (A, B, C) was used
for checking the presence of epistasis (Mather,
1949). A three-parameter model or additive
dominance model (ADM) was applied to estimate
m, [d], and [h] and test goodness of fit (y?) in the
absence of epistasis (Cavalli, 1952), and six
parameter model was used to determine epistatic
interactions between the alleles when the goodness
of fit (y*) for Additive dominance model was
significant. The goodness of fit of the models was
tested from expected and observed frequencies for
the parameters (three or six) under investigation.
The significance of the parameters in each model
was used to explain the inheritance of quantitative
traits. For analysis of qualitative traits, Mendelian
ratios of F, and backcross generations were tested
through the y? test and the inheritance pattern of
such traits was confirmed.
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RESULTS AND DISCUSSION
Inheritance of quantitative traits

The generation mean analysis of three different crosses
for various quantitative traits in brinjal revealed the
adequacy of the simple Additive dominance model for
calyx width in GL 401 x W 230. In all the other traits,
the significance of A, B, C scales and inadequacy of
the Additive dominance model highlighted the influence
of epistatic interactions for their expression (Table 1).
Six parameter model (Table 2) unveiled significant
additive genetic effects with or without additive x
additive interactions for fruit girth, fruit weight,
peduncle length, and the number of fruits per cluster
in GL 401 x BR 104, for fruit girth, calyx length,
calyx width, peduncle length, peduncle girth, and the
number of fruits per plant in GL 401 x W 230. These
traits from these specific crosses can be fixed in
homozygous conditions easily by the selection of
individuals based on their phenotype and carrying
forward the progeny of selected individuals only.
Therefore, the expression of these traits can easily be
improved through the pedigree method as suggested
in earlier reports of Yadav et al. (2017) and Santhosha
et al. (2017) in brinjal.

The genetics of fruit length, number of fruits per plant
and yield per plant in GL 401 x BR 104, fruit length,
average fruit weight, number of fruits per cluster and
fruit yield in GL 401 x W 230 and fruit length, fruit
girth, calyx width, peduncle girth, number of fruits per
plant in W 230 x RMO 1142 displayed highly
significant dominant genetic effects along with the
significance of different types of epistatic interactions.
Between both genetic effects, the magnitude of
dominance was on the higher side for most of these
traits. As both the components cannot be easily fixed,
these traits in specific crosses can further be improved
through the reciprocal recurrent selection that involves
phenotypic selection and inter-crossing and later on
can be used in heterosis breeding to exploit non-
additive gene effects. The importance of both additive
and non-additive effects in the present study was
substantiated with the findings of Santhosha et al.
(2017) and Yadav et al. (2017) in brinjal.

Dominant effects as well as dominance x dominance
type of interactions were highly significant with higher
magnitude for calyx length, calyx width, peduncle
girth, and average fruit weight in GL 401 x BR 104,
for peduncle girth in GL 401 x W 230, and calyx
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Table 1 : Scaling and joint scaling test for fruit traits in brinjal

Sidhu et al

Trait A B C Laou
Fruit length (cm)

CROSS 1 -1.50 + 0.52%* 0.89 +0.55 291 + 1.06%* 18.66%*
CROSS 11 -1.71 + 0.52%* 2.11 + 0.60** -5.78 + 0.84%* 75.76%*
CROSS 111 -0.79 £ 0.27** -1.79 £ 0.41%* -1.53 £ 0.53%* 25.45%*
Fruit girth (cm)

CROSS 1 0.34 +£0.17* -0.01 £0.20 0.76 + 0.30* 9.15%*
CROSS 11 0.86 + 0.16%* 0.70 £ 0.19%* 2.60 £ 0.30%* 80.52%*
CROSS 111 0.30 £ 0.22 -1.72 + 0.25%* -1.94 £ 0.36%* 73.30%*
Calyx length (mm)

CROSS 1 2391 + 1.25%* -8.01 £ 1.53*%* -12.55 £ 2.19** 41.20%*
CROSS 11 -2.53 + 1.21* -0.04 + 1.36 -4.79 +2.02* 7.86*
CROSS 111 -3.94 + 0.92%* -10.23 £ 0.93%* -12.55 + 1.60** 134.44%*
Calyx width (mm)

CROSS 1 -3.29 £ 0.88** -10.74 + 1.14** -12.84 + 1.68%* 95.10%*
CROSS 11 0.44 + 0.61 0.40 £ 0.64 -2.09 + 1.11 7.80
CROSS 111 -1.88 +£ 0.71%* -7.05 £ 0.85%* -9.12 + 1.34%* 72.12%*
Peduncle length (mm)

CROSS 1 -3.89 £ 1.96* -3.39+£1.99 -11.21 + 3.05%* 13.66%*
CROSS 11 -3.33 + 1.40* -0.29 +1.43 -8.40 £ 2.08** 18.11%*
CROSS 111 -13.15 £1.01** -13.52 + 1.18** -16.61 £ 1.79** 279.69%*
Peduncle girth (mm)

CROSS 1 -0.75 £ 0.21%* -2.37 +£0.32%* -1.84 + 0.44%* 61.54%*
CROSS 11 -0.29 £ 0.20 027 £0.23 1.20 + 0.35%* 19.49%*
CROSS 111 -0.24 +0.21 -0.95 + 0.26%* -1.64 + 0.39%* 19.86%*
Average fruit weight (g)

CROSS 1 -23.84 +£9.53* -5.78 £ 13.53 65.87 £ 18.99%* 19.26%*
CROSS 11 -73.31 + 7.34** 10.75 £ 7.20 -69.45 + 9.26%* 145.67**
CROSS 111 -43.10 £ 5.91** -123.47 £ 10.61%* -105.84 £ 11.22%** 245.53%*
Number of fruits per cluster

CROSS 1 -0.11 £ 0.05* -0.02 + 0.04 -0.35 £ 0.07%* 37.63%*
CROSS 11 0.46 £ 0.09%* -0.17 £ 0.11 0.65 + 0.16%* 44.774%*
CROSS 111 -0.91 £ 0.10%* -0.33 £ 0.07** -0.81 £ 0.15%* 102.05%*
Number of fruits per plant

CROSS 1 -2.01 +0.72%* 4.91 + 0.52%* 4.36 £ 0.96%* 109.66**
CROSS 11 -0.84 £0.75 -2.54 £ 0.69%* -7.61 + 1.12%* 54.37%*
CROSS 111 -5.10 £ 1.09%** -3.07 £ 0.96%* -11.06 + 1.53%* 56.38**
Yield per plant (kg)

CROSS 1 -0.77 £ 0.17** 0.82 £ 0.23** 1.73 £ 0.27** 82.39**
CROSS 11 -1.91 + 0.17%* 0.10 £ 0.15 231 +£0.21%* 192.79%*
CROSS 111 -1.87 £ 0.13%* 242 +0.21%* -2.81 +0.28%* 243.74%*

*** significant at 5% and 1% levels, respectively. ADM- Additive Dominance Model, CROSS I-GL 401 x BR 104, CROSS II -GL 401 x W 230 and

CROSS III-W 230 x RMO 1142
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length, peduncle length, average fruit weight, number
of fruits per cluster and yield per plant in W 230 x
RMO 1142. Therefore, these traits can be improved
through the exploitation of heterosis breeding in these
specific crosses as reported earlier by (Kumar and
Arumugam, 2013 and Santhosha et al., 2017) in
brinjal. In the present investigation, the negative sign
of additive x additive interactions for fruit girth, calyx
width, peduncle girth, average fruit weight, number
of fruits per plant, and yield per plant in GL 401 X
BR 104, for fruit girth, peduncle girth, and number
of fruits per cluster in GL 401 x W 230 and fruit
length, calyx length, peduncle length, average fruit
weight, number of fruits per cluster and yield per plant
in W 230 x RMO 1142 disclosed the presence of
dissociated gene pairs, while the positive sign of [i]
interaction in other traits in these crosses indicated the
presence of associated gene pairs in parents. The
associated gene pair from the parents will lead to faster
improvement of the mentioned traits in particular
crosses in brinjal. The negative values of the
dominance for fruit girth, calyx length, calyx width,
peduncle length, peduncle girth, average fruit weight,
number of fruits per plant and yield per plant in GL
401 x BR 104, for peduncle girth, average fruit
weight, and number of fruits per cluster in GL 401 x
W 230 and fruit length, fruit girth, calyx length, calyx
width, peduncle length, peduncle girth, average fruit
weight, number of fruits per cluster and yield per plant
in W 230 x RMO 1142 suggested the dominance of
decreasing alleles and while the positive sign of [/]
in other traits indicated the dominance of increaser
alleles for the target traits. The dominance of increaser
alleles will raise the expression of such traits in
heterosis breeding.

Duplicate type of epistasis was noticed for most of
the traits in different crosses suggesting selection
should be mild in earlier generations and intense in
later generations. However, the number of fruits per
plant (GL 401 x BR 104), fruit girth, calyx length and
yield per plant in GL 401 x W 230, and the number
of fruits per plant in W 230 x RMO 1142 highlighted
the occurrence of a complementary type of epistasis.
Duplicate and complementary types of epistasis were
also following the statements of Dhameliya and
Dobariya (2009) and Devmore (2016). In this study,
non-significant interactions for peduncle length and
fruit girth in GL 401 x BR 104 and calyx length in
GL 401 x W 230 pointed toward the occurrence of
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higher-order interactions or the presence of linkages.
Therefore, more generations were required to be
evaluated for the elucidation of genetic in these traits.

Inheritance of qualitative traits

The present investigation also explained the inheritance
of various qualitative traits like fruit color and shape
as well as pigmentation of calyx and peduncle from
three crosses (Table 3). Light purple fruits in GL 401
x BR 104 (green x dark purple) were segregated in
F, into three phenotypic classes with 108, 53, and 39
plants bearing dark purple, green, and light purple
fruits, respectively, and this segregation pattern was
in agreement with the 9:3:4 ratio. However, BC P and
BC,P, were segregated into 1:1 ratios for light purple:
green fruits and light purple: dark purple fruits,
respectively. It indicated digenic inheritance of fruit
colour with supplementary gene interaction. However,
the intensity of green and purple fruits varied due to
incomplete dominance. In GL 401 x W 230, light
green F was segregated into 9:3:4 (supplementary)
ratio for light green (105 plants), dark green (36
plants), and white (59 plants) in F,. BC P, resulted
in light green and dark green fruits and BC P,
segregated into light green and white fruits in 1:1
proportion again confirmed digenic inheritance in this
cross. However, the reduction in the intensity of green
fruits suggested the incomplete dominance of the green
colour of fruits. In W 230 x RMO 1142 (whitex
reddish-purple), F, with light purple fruits segregated
in F, progeny into 24:12:12:12:4 ratio for light purple
(69 plants), reddish-purple (39 plants), dark purple (40
plants), whitish-green (36 plants), and white (16
plants) that suggested tri-genic inheritance of fruit
colour in brinjal. BC P, progeny was segregated into
1:2:1 for whitish green, light purple, and white fruits
and BC P, resulted from 1:2:1 ratio for light purple,
reddish-purple, and dark purple fruits. The reduction
in the intensity of fruit colour again suggested the
incomplete dominance of purple and green colours. In
earlier studies, digenic tri-genic, and polygenic
inheritance was reported by Liu ef al. (2016); Kamini
et al. (2007) and Patidar (2015), respectively. Overall,
the inheritance of fruit colour was complex in brinjal,
but segregation behaviour of three crosses highlighted
trigenic (purple, green, and white) control with
supplementary effects, where the genes responsible for
purple and green colour display incomplete dominance
that led to a reduction in the intensity of colour in
fruits. Therefore the homozygous and heterozygous
condition of three genes in various combinations along
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with interactions results in different shades of the fruits
in brinjal. For the improvement of fruit colour in
brinjal colour, specific contrasting parents can be
selected along with other horticultural traits. The
combination of dark or shining purple and white
genotypes can give rise to the development of a variety
of colours in F,, but all these genotypes are not
homozygous for colour at this stage. Therefore, the
selection for this trait can be delayed to the F, or F,
generation of selfing, The intensity of the purple colour
can be increased by backcross with the dark coloured
parent. For the development of white or green
genotypes, parents involving these colours can be used.

The inheritance of fruit shape is also shown in three
crosses (Table 3, Fig 1). In GL 401 x BR 104 (Longx
Big Round), oblong fruits of F were segregated into
three phenotypic classes of oblong (108), long (57),
and round (35) fruits in the F2 that highlighted some
kind of the interaction of two genes. The segregation
pattern of this cross for fruit shape was following 9:4:3
ratio. However, BC P & BC P, progenies were
segregated into 1:1 ratios for long: oblong and round:
oblong fruits, respectively. In GL 401 x W 230 (long
x small oval), long fruited F, produced a 3:1 ratio for
long: oval fruits. BC P, plants had long fruits only,
while BC P, resulted in long: oval fruits in a 1:1 ratio.
In W 230 x RMO 1142 (small ovalx big oval), oval

TN

GL-401 (P4) BR104(P;) GL-401 xBR-104

F,- GL-301 =BR-104

o

GL-401 (P;) W-230 (P;) GL-401xW-230 F,- GL-401 x W-230

L0y

GL401(P,) RMO-1142 (P,) GL-401 xRMO-1142

F;- GL-401 *RMO-1142

Fig. 1 : Inheritance of fruit colour and
shape in brinjal
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fruited F, did not segregate for fruit shape as both the
parents were similar for fruit shape. Phenotypic ratio
of the first cross indicated that both round and long
fruit shape was controlled by two dominant genes,
where the homozygous recessiveness of one gene
allows full expression of the other gene and vice versa.
However, the dominance of both genes produces
oblong fruits. The phenotypic ratios of the second
cross confirmed the monogenic control of fruit shape.
Overall observation from all the crosses suggested that
fruit shape was controlled by two genes with
supplementary effects that resulted in oblong fruits.
The size of fruits in segregating populations was
affected by the type of parents involved in the
hybridization. These findings for fruit shape were in
agreement with Aravindakshan (2003) and Kamini et
al. (2007). For the generation of F1 hybrids based
on fruit shape, we should either select both the parents
with oblong fruits or we can cross a parent with big
round fruits to a parent with long fruits for the oblong
type. Here, the size of the fruit also affects. The cross
between long and oval should result in oblong fruits,
but our result for this cross showed long fruit. This
may have occurred due to variation in size. In
quantitative inheritance also, fruit length and fruit
breadth were strongly affecOted by dominant genes.
It means more length and breadth of the fruit in
parents, as in cross I, is showing the dominance of
both the traits. In contrast, a cross of parents with
more length and less breadth is showing the dominance
of fruit length only. Therefore, the involvement of both
major and minor genes in the expression of the trait
cannot be neglected. Our results were in accord with
the findings of Kamini et al. (2007) and Qiao ef al.
(2011) regarding fruit shape in brinjal. For the
improvement of fruit shape, length, and breadth
specific parental genotypes such as long xlong, round
x round, round X long, small round xlong can be
crossed and selections can be practiced for the desired
genotypes.

In brinjal, generally, three classes of calyx and
peduncle pigmentation are common i.e. completely
pigmented, partially pigmented, and green. In the
present investigation, the inheritance of calyx and
peduncle colour was elucidated from the GL 401
x BR 104 (green x partially pigmented) (Table 3
and Fig 1). F, had green calyx as well as peduncle
that segregated into 184 plants with green calyx as
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well as peduncle and 16 plants with purple
pigmentation. It pointed toward the dominance of
green colour for both the traits. The ratio obtained
for calyx as well as peduncle colour was following
the 15:1 ratio that suggested the digenic inheritance
through duplicate factors. Backcross to the parent
with pigmented calyx as well as peduncle resulted
in a ratio of 3:1 for green and purple traits, while
with a parent having green calyx and peduncle
resulted in progenies bearing fruits with green calyx
and peduncle only. In contrast, Patidar (2015)
reported the dominance of purple calyx over the
green. They might have selected completely
pigmented calyx of one parent and green calyx of
the other. Similarly, for fruit-bearing (single or in
a cluster), W 230 x RMO 1142 (clusterx single)
produced clustered fruits and segregated into
clustered type (142) and solitary bearing (58) in 3:1
ratio in F,, all cluster bearing plants in BC P, and
1:1 proportion in BC P, that unveiled monogenic
dominance of clustered fruits in brinjal. These
findings were in agreement with the results of
Rangaswamy and Kadambavanasundaram (1973).

CONCLUSION

It was concluded from the present investigation that
epistatic interactions significantly influenced most
of the traits in all crosses. All types of interactions
were observed affecting different traits. The type
of interactions affecting the expression of a
particular trait varied in different crosses. The non-
significance of interactions for peduncle length and
fruit girth in CROSS I and calyx length in GL 401
x W 230 pointed towards the occurrence of higher-
order interactions or the presence of linkages for
these traits. Among the qualitative traits in brinjal,
clustered fruit bearing was the monogenic
dominant, and the green colour of calyx and
peduncle was dominant over purple with a duplicate
type of epistasis. Fruit shape was controlled with
two genes with incomplete dominance of both round
and long fruits. However, in other crosses, long
shapes remained dominant over small oval fruits.
For the inheritance of fruit colour, dark purple X
green and green X white crosses followed the 9:3:4
ratio with incomplete dominance of genes
controlling purple and green pigmentation,
respectively. However, in red-purple x white cross,
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trigenic control (ratio of 24:12:12:12:4) was noticed
along with incomplete dominance of the above two
genes, where each class represented the variable
intensity of colour due to homozygous or
heterozygous condition of three genes in various
combinations.
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ABSTRACT

Present research investigation was aimed at morphological and biochemical assessment of
Passiflora quadrangularis L. commonly known as giant granadilla and locally called as
vegetable squash grown as vegetable crop by the Adi tribe of Arunachal Pradesh. Seven
genotypes collected during survey were characterized for different morphological and
biochemical traits. Results showed that average fruit weight was 432.57g/fruit, with juice
content 100.11 mL/fruit, vitamin C content 25.79 mg, vitamin A content 1.65 mg, Mean total
flavonoids content was 16.75 mg/100 g of fruit juice, total soluble solids 12.04° Brix,
antioxidant activity (DPPH) 6.07 %, titratable acidity 1.69 %, total carbohydrates 9.95 %,
phenol content 338.38 mg/100 g of leaf was noted among the genotypes tested. The mean
anthocyanin content in leaf was 1.20 mg/100 g, tendril 0.90 mg/100 g and petiole 1.69 mg/
100 g among the genotypes. Seed protein profiling of Passiflora quadrangularis L. with SDS-
PAGE showed diverse molecular weights ranging from 11 KD to 163.53 KD. However,
monomorphic banding pattern among the protein profiling of giant granadilla was recorded
among the selected genotypes. The results of the study show that the collected genotypes are
belonged to Passiflora quadrangularis L. and are good source of nutritive value which can

be used as source of vegetable.

Keywords :

INTRODUCTION

Passiflora quadrangularis L. commonly known as
Giant granadilla, belongs to Passifloraceae family
consists of about 700 species and 16 genera and
among them only two genera, Passiflora and
Tetrapathaea are cultivated (Feuillet, 2004) and about
520 species of the genus Passiflora are distributed to
Neotropics and Africa (Ulmer and MacDougal, 2004).
The most important genus is Passiflora, with the most
common commercial species being the purple passion
fruit (Passiflora edulis) for the fresh market and the
more acid yellow passion fruit (Passiflora edulis f.
flavicarpa) for the juice industry (Tripathi et al.,
2014). Leaves of purple and yellow passion fruit are
used as leafy vegetable in Manipur and also used as
folk traditional medicine as anti-diabetic (Singh et al.,
2014). The total area under passion fruit cultivation
is about 0.014 million hectares with a production of

Giant granadilla, Passiflora quadrangularis, SDS-PAGE and vegetable source

0.082 million tonnes in India during 2020 (Anon,
2020). P. quadrangularis L. is a lesser-known member
of the genus also grown for its fruit as well as
vegetable. It is locally known as vegetable squash by
the Adi tribe of Arunachal Pradesh.

This novel P. quadrangular is helps the rural sectors
in mitigating the malnutrition and hence enabling them
a quality life. During investigation it was observed that
P. quadrangularis L. is grown by the Adi tribe of
Arunachal Pradesh and sold as squash in the market.
However, very few systematic, inventory and
documentation about the Passiflora species found in
Northeast India and sporadic attempts have been made
on characterization of passion fruit found in Arunachal
Pradesh. Therefore, the present research was initiated
to explore and document for the morphological and
biochemical characteristics features of P.
quadrangularis L. found in East Siang district of
Arunachal Pradesh.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



MATERIALS AND METHODS

Survey was carried out in East Siang district of
Arunachal Pradesh during the year 2019-2020 which
is located at 28p 03°N, 95p 20°N covering an area of
1865 sq. km. and having the altitude of 176.57m
above MSL and represent a mild subtropical zone with
cool, dry winter, a warm summer and a moderate
season. The identification and description of the plant
were adopted from De Jesus et al. (2017). During the
survey, Passiflora species viz. purple passion fruit,
yellow passion fruit and giant granadilla were found
growing in East Siang district. Data on passion fruit
uses were obtained through interview of
knowledgeable elderly people of Adi tribe (both
genders of 30-75 ages) inhabiting in the East Siang
district to which the P. quadrangularis L. identified
on the basis of vernacular name, regional floras and
published literatures (Singh et al., 2003). Totally seven
genotypes were collected during the survey and the
passport information of the collected genotypes are
presented in Table 1. The collection of fruits and leaves
have been done from different direction of single plant.
Fifty fruits were collected from each genotype and
every replication had 10 fruits with five
replications.Recorded morphological traits viz., leaf
length (cm), leaf breadth (cm), flower length (cm),
number of flowers/node, peduncle length (cm), fruit
length (cm), fruit breadth (cm), fruit weight (g),
number of fruits/vine, fruit yield (kg/vine), peel weight
(g), seed length (cm), seed breadth (cm), number of
seeds/fruit and seed weight/fruit. Biochemical traits
viz., juice content (mL/fruit), total soluble solid content
(°Brix), titratable acidity (%) (AOAC, 2006), Vitamin
C content (mg/100 g) (Ranganna, 1986), total
carbohydrate (%) (Hedge, 1962), reducing sugar (%)
(Somogyi, 1952), Vitamin A (mg/100 g) (Bayfield and
Cole, 1980), total flavonoid (mg/100 g) (Vijay and
Rajendra, 2014), and antioxidant activity (%) (AOAC,
2006). Anthocyanin content (mg/100 g) of leaf, tendril
and petiole (Malick and Singh, 1980), vitamin C
content of leaf (mg/100 g) (Ranganna, 1986) and
phenol content of leaf (mg/100 g) using Folin-
Ciocalteu reagent (Malick and Singh, 1980) and
chlorophyll content of leaf (mg/g) (Arnon, 1949) and
shelf life (days) at room temperature were estimated
for the collected genotypes.

Seed protein extraction

Seed protein extraction was as described Lowry ef al.
(1951) in seven genotypes and was carried out protein
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banding pattern was determined using SDS-PAGE as
described by Laemmli (1970). 0.2 g of seeds were
soaked overnight in phosphate buffer (pH 7.0)
solution. Seeds were crushed with a solution of Tris-
HC1 0.06 M (PH 7.4), 10 mM urea, 1| mM EDTA,
0.1% TCA, 2.5% glycerol, 0.5% SDS and 1.25% B-
mercaptoethanol. Electrophoresis was performed in
vertical electrophoresis unit and gel run at 25 mA.
Silver staining was performed as described by Mortz
et al. (2001) and sensitizing with 0.02% sodium
thiosulphate solution. The reaction was stopped with
12% acetic solution. Gel was washed thoroughly but
gently with double distilled water until protein bands
became clearly visible for bands scoring. The
electrophorograms developed on protein mobility and
density expressed in Rm values. The gels were scored
as presence (+) or absence (-) of protein bands.
Depending upon the presence (+) or absence (-) of
bands, similarity index between the genotypes were
calculated (Nei and Li, 1979).

Data analysis

The statistical analysis viz., standard error of mean,
coefficient of variance and test of significance were
performed by following Singh and Chowdhury (1985).

RESULTS AND DISCUSSION

Morphological characters are important for
identification and documentation of horticultural traits
for crop improvement. A large variability having
unique characters was recorded for morphological
traits of fruits and other plant parts of the collected
giant granadilla (Fig la and Fig 1b). There are no
significant variations in different qualitative traits
recorded. All the accessions had quadrangular stem,
large green cordate leaves having entire margin and
leaf lamella. Leaf had deep sinus, stipule and
heterophylly was absent. All the lines showed axillary
tendrils bearing 2.33 to 3.00 flowers/node. Flowers
had light red color petals and sepals are green from
outside and whitish pink from inside with yellowish-
green ovary. The flowers possess yellowish green
stamens with violet dots, blue, brown speckled corona.
All the lines produced light yellowish brown oblong
fruits possessing dark brown seeds. The same
qualitative characters were also reported by Lim,
2012. Among the genotypes leaf length varied from-
9.95 to 12.08 cm, leaf width from- 8.89 to 11.14 cm.
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Table 1 : List of collected Passiflora quadrangularis L. genotypes from East Siang district, Arunachal
Pradesh, India and their sources

Genotype code Source Latitude Longitude | Altitude

P quadrangularis L. P1 Pasighat, Arunachal Pradesh 28°03' N 95°20' N 156 m

P. quadrangularis L. P2 CHEF, Pasighat, 28° 04' N 95°19' N 183 m
Arunachal Pradesh

P. quadrangularis L. P3 Baptist Church, Pasighat, 28° 05' N 95 18' N 192 m
Arunachal Pradesh

P. quadrangularis L. P4 Agami House, Pasighat, 28° 06' N 95°31'N 168 m
Arunachal Pradesh

P. quadrangularis L. P5 Police line, Pasighat, 28° 05' N 95°32' N 166 m
Arunachal Pradesh

P quadrangularis L. P6 Teachers Residence, Pasighat, 28°03' N 95°19' N 159 m
Arunachal Pradesh

P quadrangularis L. P7 Tekang, Pasighat, 28° 04' N 95°22' N 212 m
Arunachal Pradesh

Flowers are 8.40 to 9.41 cm in length which was
maximum among other cultivated passion fruit.
Significant variation for quantitative traits like
peduncle length, fruit length, fruit breadth, fruit weight
and peel weight, seed length, seed breadth, number of
seeds/fruit and weight of seeds/fruit were recorded
(Table 2a and 2b).

This Passiflora species is commonly used as
vegetable in unripe stage having an average yield
of 15.88 to 23.89kg/vine. Fruit juice content of

giant granadilla was about 53.39 to 131.04 mL/
fruit which was maximum in comparison to other
Passiflora species because of bigger size of fruits.
This finding was similar with the result of Arjona
and Matta, 1991. Based on the yield and yield
attributing traits genotypes for leaf length (P7;
12.08 cm), number of flowers per node (P6; 3.67),
fruit weight (P1; 488.33), number of fruits/vine
(P2; 51.33), peel weight (P1; 352.33), number of
seeds/fruit (P1; 172) and flower length (P7; 9.41
cm) were identified. Selecting the genotypes with

Table 2a : Morphological characters of Passiflora quadrangularis L. genotypes from East Siang district,
Arunachal Pradesh

Genotype Leaf Leaf Flower Number | Peduncle Fruit Fruit Fruit
Length Breadth length | of flowers/| length length breadth weight

(cm) (cm) (cm) nodes (cm) (cm) (cm) (g
P1 9.95 8.89 9.15 2.33 2.37 14.60 9.59 488.33
P2 11.64 11.14 8.40 2.67 1.96 13.42 9.11 463.67
P3 10.99 9.48 9.11 2.67 2.50 13.89 11.04 476.67
P4 10.51 9.70 8.77 3.00 2.62 12.19 10.08 408.00
P5 11.25 9.65 9.40 2.33 2.42 11.82 9.84 407.00
P6 11.46 10.19 8.57 3.67 2.52 12.83 10.80 402.67
P7 12.08 10.59 9.41 2.67 2.65 12.43 10.44 381.67
Mean 11.12 9.95 8.97 2.76 2.43 13.03 10.13 432.57

CV (%) 3.18 6.54 5.92 1.14 3.81 4.19 5.96 9.93
SE (m)+ 0.78 0.55 0.46 0.38 0.08 0.69 0.52 12.32
C.D (5%) 1.31 1.62 1.36 0.54 0.24 1.59 1.55 3.34

J. Hortl. Sci. 309
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Table 2b : Morphological characters of Passiflora quadrangularis L. genotypes from
East Siang district, Arunachal Pradesh

No. of Peel Fruit Seed Seed No. of Seed
Genotype Fruits/ weight yield length breadth seeds/ weight/Fruit

vine (€] (Kg/vine) (cm) (cm) Fruit (€]
P1 48.00 352.33 23.44 0.77 0.61 172.00 9.33
P2 51.33 320.67 23.86 0.69 0.59 168.00 9.13
P3 42.00 343.33 20.05 0.65 0.61 156.67 8.78
P4 45.33 306.33 18.45 0.68 0.59 157.67 9.03
P5 42.67 304.33 17.36 0.71 0.64 149.67 8.34
P6 45.00 349.67 18.19 0.72 0.64 153.00 9.07
P7 40.67 296.67 15.55 0.71 0.65 168.00 8.83
Mean 45.00 324.76 19.56 0.70 0.62 160.71 8.93
CV (%) 8.04 2.38 4.76 1.10 1.24 2.96 1.60
SE (m)+ 4.69 4.90 2.23 0.01 0.02 2.75 0.19
C.D (5%) 2.83 27.11 1.58 0.04 0.04 8.10 0.55

J. Hortl. Sci.
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Fig. 1a : Fruits of Passiflora quadrangularis L.
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Leaves with tendrils
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Fig. 1b : Leaf, flower and ovary colour of Passiflora quadrangularis L.

large leaf and flower aid in imparting maximum
photosynthate accumulation to the sink leading to
high crop yield.

Biochemical characteristics

Biochemical characterization also revealed that the
TSS content of fruit juice was ranging from 10.26
to 13.44 °Brix which is in agreement with data of
Ramaiya et al. (2021) in P. quadrangularis. The
higher TSS may be due to the fact the fruit tree is
grown under natural water scarce condition without
care and management and eventually increasing the
TSS content Meghwal et al. (2004). In giant
granadilla, citric acid is the predominated organic
acid followed by malic acid that is about 1.49 to
1.80 % which is in conformity to the data of Velente
et al. (2011). The high acidity may be due to the
prevalence of primary organic acids, such as malic
and citric acid, in mature fruits, which accumulate
in the mesocarp cells during the fruit development
process and are controlled by both genetic and
environmental factors. Ascorbic acid varied from
22.45 to 29.53 mg/100 g in fruit juice and 44.78
to 50.15 mg/100 g in fresh leaf and finding similar
with Ramaiya et al. (2021).

Total carbohydrate content data showed variation
from 9.49 to 10.75 % and is in agreement with
Shanmugam et al. (2018). Reducing sugar content
was about 5.00 to 5.68 % and similar results were
reported by Patel et al. (2014). The increasing
sugar is due to the hydrolysis of starch to sucrose
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as fruit approach to ripening (Pandy and Deen,
2018). Vitamin A (mg/100 g) content was recorded
between 1.62 to 1.69 mg/100 g of fruit juice and
data was in agreement with Oliveira et al. (2014);
Homnava et al. (1990) and it may be due to
biosynthesis genes controls its accumulation and
composition in fruit during maturity. The DPPH
free radical scavenging antioxidant (%) activity was
recorded as 5.91 to 6.28 % which is in conformity
with Loizzo et al. (2019) and Marroquin et al.
(2011). As these fruits are known to contain a
variety of antioxidant compounds, and ascorbic
acid (vitamin C) which implying that fruits high in
vitamin C are powerful antioxidants as reported by
Esti et al. (2002).

Chlorophyll content of leaves were ranging from
1.56 to 1.69 mg/g which was an agreement with Do
Valle et al. (2018). Phenol content was as 319.67
to 351.32 mg/100 g of fresh leaf and similar data
was reported by Rudnicki et al. (2005) and
Marroquin et al. (2011). Anthocyanin (mg/100 g)
content in leaf, petiole and tendril varied from 1.17
to 1.24 mg/100 g, 1.59 to 1.76 mg/100 g and 0.85
to 0.94 mg/100 g respectively which was in
agreement with Aizza et al., 2019 and Reis et al,,
2018. The anthocyanin, phenol and chlorophyll
concentration of petioles, tendrils and leaves might
differ according to a variety of external and internal
factors such as genetic, agronomic and climatic
factors (Kayesh et al., 2013). Shelf life (days) of
Passiflora quadrangularis genotypes at room
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Table 3 : Biochemical parameters in fruits of Passiflora quadrangularis L. genotypes from
East Siang district, Arunachal Pradesh

Juice Vit. C TSS Vit. A | Total fla- | Antio- | Titrata- Total | Reducing Shelf-
Genotype | content | (mg/100 e (mg/100 | vonoids |xidant Acti- | ble Aci- | carbohy- | sugar life
(mL/fruit) 2 Brix) ) (mg/100 g)| vity (%) | dity (%) | drates (%) | (%) (days)
P1 123.78 29.53 13.21 1.67 17.42 6.28 1.80 10.75 5.54 27.22
P2 131.04 | 29.04 12.74 1.61 16.62 6.22 1.49 9.49 5.54 25.57
P3 124.38 22.45 11.90 1.69 16.37 5.98 1.72 9.83 5.29 22.25
P4 92.67 25.66 13.44 1.62 17.20 6.01 1.69 10.29 5.00 18.67
P5 95.03 25.68 11.73 1.64 15.78 6.09 1.69 9.29 5.14 18.67
P6 53.39 23.26 10.97 1.64 16.40 5.91 1.68 9.51 5.21 19.00
P7 80.49 24.93 10.26 1.67 17.45 6.00 1.77 10.48 5.68 25.67
Mean 100.11 25.79 12.04 1.65 16.75 6.07 1.69 9.95 5.34 22.43
CV (%) 4.65 5.35 3.13 1.75 0.69 2.50 2.42 1.59 0.68 3.11
SE (m)H 2.69 0.80 0.22 0.02 0.07 0.09 0.02 0.09 0.02 1.70
C.D (5%) 7.93 2.35 0.64 0.05 0.20 0.26 0.07 0.27 0.06 1.01
Table 4 : Biochemical parameters in leaves, petioles and tendrils of Passiflora quadrangularis L.
genotypes from East Siang district, Arunachal Pradesh
Leaf Petiole Tendril
Genotype Anthocyanin Vit. C Phenol Chlorophyll | Anthocyanin Anthocyanin
(mg/100 g) (mg/100 g) (mg/100 g) (mg/g) (mg/100 g) (mg/100 g)
P1 1.24 47.69 351.32 1.67 1.76 0.94
P2 1.19 50.15 336.33 1.56 1.73 0.92
P3 1.24 47.67 343.00 1.64 1.69 0.91
P4 1.19 44.78 319.67 1.61 1.74 0.89
P5 1.18 46.06 324.33 1.66 1.69 0.92
P6 1.17 48.72 345.00 1.69 1.59 0.88
P7 1.22 46.72 349.00 1.57 1.64 0.85
Mean 1.20 47.40 338.38 1.63 1.69 0.90
CV (%) 1.81 3.75 3.34 1.11 0.80 1.81
SE (m)+ 0.01 1.03 12.39 0.01 0.01 0.01
C.D (5%) 0.04 3.03 9.55 0.03 0.02 0.03

temperature was recorded maximum for genotype
P1 which is 27.22 days at room temperature. It is
due to the thick exocarp which prevents easy decay
under biotic and abiotic stress.

Present investigation recorded a total 70 numbers
of bands having molecular weights ranging from 11
KD to 163.53 KD. All the seven selected genotypes

J. Hortl. Sci.
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found in East Siang District, Arunachal Pradesh
exhibited monomorphic banding pattern in the
protein profiling of giant granadilla. Beena and
Beevy, (2015) also reported the highest molecular
weight i.e., 69.94 KD was generated by Passiflora
foetida var. hispida, while the lowest (12.95KD)
was produced in Passiflora foetida var.
gossippifolia in Passiflora species.
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Fig. 2 : SDS-PAGE protein profiling of seven genotypes
of Passiflora quadrangularis L. from East Siang
district, Arunachal Pradesh

CONCLUSION

From the study of morphological, biochemical and
seed protein profiling it could be concluded that all
seven genotypes belong to same species i.e., Passiflora
quadrangularis L. locally known as vegetable squash
(by Adi tribe of Arunachal Pradesh). As its green fruits
and leaves are nutritious this novel underexploited
Passiflora species can be explored for commercial
cultivation as a source of vegetable in the future.
Because of its higher fruit yielding capability, the fruits
also have a lot of potential in the food processing
industry.
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ABSTRACT

Annona cultivar ‘Arka Sahan’, an inter-specific hybrid of Annona atemoya x A. squamosa
comes to harvest during August-September under mild tropical climate, which coincides with
monsoon rains resulting in poor fruit quality and high susceptibility to anthracnose and fruit
fly. An attempt was made to advance the fruiting in this hybrid through pruning during 2016-
17 and 2017-18. The effect of three pruning levels (25, S0 and 75% of previous season’s
growth) at five different times (60, 75, 90, 105 and 120 days after final harvest of previous
crop) on flowering and fruiting were compared. Early sprouting, flowering and fruit harvest
were recorded in trees pruned to 75% of the past season’s growth in both the years. Earliest
fruits were harvested 271 (3" week of June) and 268 (2" week of June) days after pruning
in trees pruned during first week of October in 2016-17 and 2017-18 respectively (P<0.05).
Bigger fruits with lesser seeds per 100 g of pulp (P<0.05) were harvested from trees pruned
to 75% and 25% levels in the first and second year, respectively, irrespective of pruning
time. Tree canopy following pruning at 75%]level recorded higher light interception and
photosynthetic rate (P<0.05). Pruning time and levels significantly influenced the biochemical
constituents of leaf and shoot. The fruiting in cultivar ‘Arka Sahan’ could be thus advanced
by 8-9 weeks to June from the normal season of August-September with comparable or better

3
%
“rume

fruit quality by pruning 75% of the last season’s growth during October.

Keywords: Annona, biochemical constituents, fruit quality, off-season and pruning

INTRODUCTION

Sugar apple (Annona squamosa L.), also known as
sweet sop, sugar apple, sitaphal or sharifa and as
custard apple in India is a native of tropical America
and West Indies, introduced to India. The fruits are
generally used fresh, while some products like custard
powders and ice-creams are prepared from the fruits.
‘Arka Sahan’ is an inter-specific hybrid between A.
atemoya (var. Island Gem) x A. squamosa (var.
Mammoth). It is a vigorous plant. Its mature fruits
take about 6-7 days to ripe. The creamy white colour
flesh is juicy with mild pleasant aroma and tender with
fewer seeds (9/100 g pulp) and large segments. The
edible pulp is remarkable for its sweetness with 22.8
per cent total sugars and measures more than 30° B
as against 24° B in Mammoth (Jalikop and Kumar
2007). Flowering in annona occurs on current season
growth arising after natural leaf fall during late winter.
In annona, flower bud formation is restricted to early

shoot development, and is extra-axillary, borne
opposite to leaves (George and Nissen 1991). The leaf
imposed para-dormancy of axillary bud is present in
annona (George and Nissen 1987). Soler and Cuevas
(2008) reported off-season (winter season) fruit
production through shoot pruning followed by tipping
the newly emerged shoots in cherimoya. Normal
fruiting time of ‘Arka Sahan’ grown under the mild
tropical climate is August-September, which coincides
with monsoon rains resulting in deterioration of fruit
quality due to anthracnose incidence and fruit fly
infestation during the rainy period. Flowering can be
manipulated by modifying the timing of bud break in
annona species to get fruit out of season. For this leaf
fall is prerequisite to open up the sub-petiolar axillary
bud residing under the leaf petiole. We attempted to
make the annona hybrid ‘Arka Sahan’ to flower and
fruit early through pruning, which could induce early
defoliation, bud sprouting and formation of new shoots
and flowers and thus advance fruiting season to

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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summer months. The pruning techniques were
standardized in terms of time and severity, keeping in
view the flowering and fruiting behavior of the cultivar
‘Arka Sahan’.

MATERIALS AND METHODS

The experiment was conducted at ICAR - Indian
Institute of Horticultural Research, Bengaluru
(Karnataka state, India) during two consecutive years,
2016-17 and 2017-18. The experimental material
consisted of eight-year-old one hundred and twenty
uniform plants of Annona cv. Arka Sahan planted at
a distance of 5Sm x 5m. The treatments comprised of
five pruning times (T, T,, T,, T, & T,) and three shoot
pruning levels (L, L,, & L,). Pruning was performed
after 60, 75, 90, 105 or 120 days after final harvest
of the previous crop. Pruning levels consisted of
removal of 25 per cent (one-fourth of shoot length),
50 per cent (half of shoot length) or 75 per cent (two-
third of shoot length) of the previous season’s growth.
Each treatment was replicated four times in a factorial
randomized block design. Two trees were observed in
each replication under each treatment for collection of
data. Eight trees that were not pruned and giving new
shoot growth naturally by the end of March following
leaf abscission during late winter served as external
check for comparison of treatment effects against
natural fruiting as these could not be fitted effectively
into the factorial design involving pruning time and
intensity. Standard package of practices were adopted
for maintenance of all the trees during the
experimentation.

The number of days required for sprouting and
flowering was assessed by recording the days taken
for the emergence of first sprout and flower
respectively after the treatment imposition. The
durations of the first and last harvest were calculated
from the date of imposing the treatments to the first
fruit harvest and the last fruit harvest respectively. The
total fruit yield per tree was recorded at harvest by
measuring the weight of fruits harvested and values
were expressed in kilogram. Fruit weight (g) was
recorded using electronic balance. The total soluble
solids (TSS) were measured using digital refractometer
and expressed as degree Brix. Titrable acidity was
estimated by adopting the titrametric method of
A.O.A.C (1975) using phenolphthalein indicator and
the values were expressed in terms of percentage citric
acid equivalent. Pulp content (%) of fruit was
determined using the following formula:
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Pulp weight
Pulp (%) =——— = 100
ulp (%) Fruit weight

The number of seeds per 100 g of pulp was calculated
by using the following formula:

Numb ¢ soad 100 & of pul Number of seeds in fruit « 100
eds per of pulp =
tmberof seecs p gotpulp Pulp weight of fruit

Gas exchange parameters such as net photosynthesis
(P, umol m? s), transpiration rate (E, mmolm™ s™)
and stomatal conductance (gs, mmol m?s!) were
recorded in three fully expanded leaves of each plant
using portable photosynthesis system (LCpro+, ADC
BioScientific limited, UK) during morning hours of
clear and sunny conditions between 09:30 h and 11:30
h at two stages viz., fruit set (March, 2018) and rapid
fruit growth (May, 2018) stage in the second year
(2017-18) of study. Photosynthetically active radiation
(PAR) below the tree canopy was measured using the
LI-191SA Line Quantum Sensor (Li-Cor, Lincoln,
NE) on uniformly overcast days between 12:00 h and
13:00 h at the fruit set and rapid fruit growth stages
(FSS and RFGS) during 2017-18. The total leaf
chlorophyll content was measured at FSS using
spectrophotometer (UV 1650PC, Shimadzu, Japan) at
wave lengths of 645 and 663 nm as per Hiscox and
Isrealstam (1979). Total sugar in shoot was estimated
after the harvest of fruits following the method of
Somogyi, (1952).

Statistical analysis was done separately for the
parameters studied for each year using OPSTAT
(Sheoran et al., 1998) and discussed at P < 0.05 for
significance of difference between their mean values.

RESULTS AND DISCUSSION

Physiological and biochemical characteristics:
Pruning, especially its levels, significantly influenced
the amount of light interception at both fruit set stage
(FSS) in March and rapid fruit growth stage (RFGS)
in May (P<0.05) (Table 2). Higher light interception
in different treatments could be related to longer shoot
length and higher number of leaves and leaf area in
75 per cent pruned trees (P<0.05). Differential light
interception within tree canopies can also influence
vegetative growth, flower initiation, fruit set, fruit size
and fruit quality (Marini and Marini, 1983). Higher
light interception was also associated with higher
photosynthetic rate of leaves at both fruit set and rapid
fruit growth stage. Pruning provided open canopy area
and resulted in maximum interception of sunlight for



Table 1 : Details of timing and level of pruning

Treatment Pruning level Pruning time
TL, 25% pruning 60 DAFH*
TL, 50% pruning (1% week of
TL, 75% pruning October)
TL, 25% pruning 75 DAFH
T,L, 50% pruning (3" week of
T,L, 75% pruning October)
T.L, 25% pruning 90 DAFH
T,L, 50% pruning (1% week of
T,L, 75% pruning November)
TL, 25% pruning 105 DAFH
TL, 50% pruning (3" week of
TL, 75% pruning November)
T.L, 25% pruning 120 DAFH
T.L, 50% pruning (1% week of
T.L, 75% pruning December)

*Days after final fruit harvest

higher rate of photosynthesis (Singh and Singh 2007).
Similar results were recorded by Sharma et al. (2006)
that the light interception was significantly influenced
by pruning intensity in mango, being higher for pruned
trees than for not pruned ones. The highest value of
diffuse light availability below the canopy was
recorded for severely pruned trees than for trees not
pruned. Higher photosynthetic rate was recorded in
trees pruned to 75 per cent level compared to 50 and
25 per cent levels (P<0.05) (Table 2). Higher
photosynthetic rate reflects more metabolic activity in
these leaves which could be attributed to interception
of more light by the leaves. The trees pruned to 75
per cent produced longer shoots carrying more leaves,
which harvested more light. Similar results were
observed by Sharma et a/. (2006) in mango where
higher photosynthetic rate was recorded in leaves of
pruned trees than trees not pruned. However, stomatal
conductance was not affected much due to pruning in
the present study (Data not presented). It ranged from
0.07 to 0.18 mmol m? s! among the treatments. The
leaf chlorophyll content is considered as an important
index of the metabolic activity of plants. At both FSS
and RFGS, chlorophyll content exhibited differential
pattern in response to different levels of pruning (Table
2). Accumulation of higher chlorophyll content in leaf
could be related to the higher light interception which
favoured the synthesis of more chlorophyll. Light
interception by 75 per cent level pruned trees was
higher at both fruit set and rapid growth stages. The
lower chlorophyll content in the other treatments may
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be attributed to limited chlorophyll synthesis for want
of conducible environmental conditions (Sritharan et
al., 2010). Although, there was significant influence
of pruning time and pruning levels on chlorophyll
content at fruit set stage, no consistent results were
evident over the years. At fruit set, the amount of
chlorophyll content varied from 1.5 to 3.1 mg/g in the
first year and from 1.2 mg to 3.2 mg/g in the second
year. At rapid fruit growth stage, in the first year,
pruning treatments did not influence the chlorophyll
content while in the second year, significant influence
was recorded with chlorophyll content varying from
2.0 to 2.8 mg/g (P<0.05). Sharma and Chauhan
(2003) reported higher chlorophyll content in leaves
of pruned peach tree leaves as compared to trees not
pruned. However, total leaf chlorophyll content was
recorded similar for both pruned and unpruned mango
trees during April and July while during November it
was recorded highest in pruned trees (Schaffer and
Gaye 1989). Presence of higher amount of sugar in
shoots of trees pruned at 25 per cent level in the
present study, could be attributed to poor translocation
of sugar for the growth of shoot or more towards the
developing fruits which was also reflected in terms of
relatively, smaller shoot and less number of leaves in
25 per cent pruned trees. However, sugar accumulation
in shoot was recorded more in the second year (506.2
mg/100 g) over the first year (457.4 mg/100 g) which
could be related to the favourable environmental
condition prevailed including higher rainfall (average
2.41 mm per month), relative humidity (average
76.32%) and maximum temperature (average 29.74°
C) in the second year (October to July) than the first
year (rainfall 1.76 mm & relative humidity 68.47%).
Shoots that emerged from 75 per cent pruning
treatments were longer, which also reflected better
translocation and utilization of sugar in the growth of
shoot. Overall, total sugar content was affected by
pruning levels, the results are in conformity with those
of Bagchi et al. (2008) who observed that pruning up
to 10 cm with complete removal of old leaves showed
significant effect on increasing reducing sugars (36.7
mg/g) than other treatments and control.

Growth and yield characteristics: Pruning led to leaf
fall followed by sprouting of sub petiolar axillary buds
on the shoot. Irrespective of pruning time, the number
of days required for sprouting has become shorter with
the increase of pruning levelduring both the years with
minimum number of days to sprout for those pruned
in December first week and October first week in first
and second years, respectively (P<0.05) (Table3).
Early sprouting in trees pruned to 75 per cent level
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could be attributed to very few leaves or no leaf left
on such shoots and with less number of buds available
on the shoot, the reserve metabolites from trunk could
have contributed to early release of these buds. Similar
results were observed in cherimoya (Soler and Cuevas,
2008) and guava (Shaban and Haseeb, 2009), where
severely pruned trees gave early sprouting. Also, early
flowering occurred in trees pruned to 75 per cent level
(P<0.05). In a less vigorous cultivar of sugar apple,
Balanagar, early shoot growth during winter could be
induced under similar climatic condition through
chemical defoliation (Chander ef al.,, 2019). Since
flowering is on current season growth in Annona and
concomitant with the shoot growth, early sprouting
resulted in early flowering in both the years. However,
in the first year, flowering was earlier on trees pruned
to 50 per cent level during November and December
despite early sprouting in those pruned to 75 per cent
level. It was observed that there was continuous
vegetative growth in 75 per cent pruned trees. Similar
results were reported in custard apple (George and
Nissen, 1987), cherimoya (Soler and Cuevas, 2008)
and atemoya (Olesen and Muldoon, 2012). Pruning
treatments significantly influenced the flowering and
fruiting period of Annona cv. ‘Arka Sahan’ (Table 3).
Earliest fruits were harvested from the treatments
imposed in 1% week of October, at 75 per cent pruning
level (T,L,) with minimum days (271) to harvest by
27 week of June in first year (P<0.05). A consistent
result was recorded for early harvest (2™ week of
June) with 75 per cent pruned trees in second year for
all pruning time. Early harvest from 75 per cent
pruned trees could be attributed to advanced flowering
and fruit set in these trees. Observations recorded on
final harvest exhibited significant differences with
pruning time and pruning level (Table 3). In both the
years, the final harvest extended longer for the 25 per
cent pruned trees (P<0.05). Final harvest in case of
75 per cent pruning was completed earlier than 25 per
cent or 50 per cent pruning. Early harvest in these trees
could be attributed to earlier induction of flowering
and pollination than the other treatments. The results
are in conformity with those reported by Vinay et al.
(2014) in custard apple and Adhikari and Kandel
(2015) in guava. Higher yield was obtained from trees
pruned during 1% week of October at 25 per cent level
(T,L,) while for rest of the pruning treatments greater
yield was recorded from 75 per cent pruned trees in
the first year. However, in the second year, maximum
yield per tree was obtained from 25 per cent pruned
trees (Table 3). Higher yield in respective years could
be attributed to bearing of larger size of fruits and
occurrence of prevailing congenial environmental
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conditions during the fruit growth. Also, accumulation
of more sugars in the shoot of 25 per cent pruned trees
at harvest reflect more availability of assimilates to
fruits on these trees. Fruits were harvested near to
normal season from trees pruned to 25 per cent level
which could have advantage of prevailing congenial
environmental condition than other treatments. The
results are in conformity with Kumar ez al. (2010) in
peaches and Choudhary and Dhakare (2018) in sugar
apple, where heavy pruning (90 cm) gave lesser yield
than light or trees not pruned but medium pruning (30-
45 cm) recorded higher yield per tree. The yield per
TCSA was not influenced much with pruning
treatments, which could be attributed to lesser effect
of pruning treatments on trunk growth (Table 3). In
the second year, comparatively higher yield per tree
was recorded although there was not much
improvement in trunk growth. Higher yield in second
year could be more related to the increase of yield per
tree rather than trunk circumference.

Fruit quality characteristics: There was consistent
significant effect of pruning levels on fruit weight and
pulp content in both the years (P<0.05) (Table 4).
Higher fruit weight and pulp content in 75 per cent
pruned trees could be attributed to the better growth
of shoot with higher number of leaves which resulted
in higher synthesis of photosynthates in these shoots.
The higher amount of accumulated photosynthates
could have contributed for bigger size of fruits. Similar
results were reported in custard apple (Olesen and
Muldoon, 2009; Choudhary and Dhakare, 2018) and
ber (Gupta and Gill, 2015). However, in the second
year, trees pruned at 25 per cent level recorded the
maximum fruit weight and pulp content which could
be due to availability of sufficient stored
carbohydrates, confirmed with the estimation of higher
sugar in the developed shoot. Similar trend was
observed on other fruit quality parameters including
fruit volume, fruit length, fruit width and fruit
circumference with the pruning treatments imposed
over two years (data not presented). Results indicated
that irrespective of pruning time, comparatively fewer
seeds per 100 g of pulp were recorded in 75 per cent
and 25 per cent pruning levels in the first and second
years, respectively (P<0.05). As the fruit size including
fruit weight, volume, and pulp content was recorded
more in these treatments this could have lowered the
proportion of seed per unit of pulp. Similar findings
were also observed by Chander and Kurian (2019) in
sugar apple and Teaotia and Singh (1971) in guava
where lesser percentage of seed was recorded in
heavier fruit obtained from pruned trees. Pruning
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influences quality of the fruits by regulating
carbohydrate allocation to the developing fruits
(Palanichamy et al., 2011). Early pruning during
October-November resulted in increased level of total
soluble solids (TSS) of the fruit than the later or trees
not pruned (P<0.05) (Table 4). The prevailing
congenial temperature during fruit growth and
maturation could have contributed for accumulation
of more sugar in the developing fruits as the fruits
come to harvest earlier in these pruned trees. In both
the years, comparatively higher value of prevailing
average maximum temperature (31.11, 31.50°C) was
recorded from flowering to fruit maturity (February
to June) for October-November pruned trees than the
late pruned trees wherein lesser average maximum
temperature (30.73, 30.33°C) was recorded from
flowering to fruit maturity (April to August). The
results are in conformity with those of Kadam et al.
(2018) in custard apple cv. Dharur-6 where fruits from
light pruned (20 cm) trees recorded maximum TSS
content. In contrast, heavy pruning resulted in
accumulation of more TSS in grapes (Zabadal et al.,
2002) and peach (Chitkara et al., 1991). There were
no consistent trends of acidity content of fruit pulp
although higher level of acidity was observed in trees
pruned to 75 per cent level (data not presented).
Chitkara et al. (1991) and Kumar et al. (2010)
recorded increased acidity level with the increase of
pruning severity in peaches. Similar results were
obtained by Mehta et al. (2012) in guava and Kadam
et al. (2018) in custard apple cv. Dharur-6.

CONCLUSION

Induction of off-season crop with better quality is a
new technique in sugar apple production that could
enable the growers to get better market and
profitability. Fruiting could be advanced by 8-9 weeks
to June with pruning at 75 per cent level during
October in Annonacv. Arka Sahan from the normal
fruiting season of August - September.
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ABSTRACT

Field experiments were conducted in mango for four years during 2017-2020 at ICAR-Indian
Institute of Horticultural Research to standardise optimum soil volume wetting for drip
irrigation. Wetting soil volume upto 70% recorded higher mean fruit yield of 34.8 kg/plant
(9.68 t/ha)and with further increase in the level of soil volume wetting irrigation (upto 80%),
there was a decline in the mango yield (7.40 t/ha). Similarly, significantly increased response
was observed in fruit weight upto 70% soil volume irrigation (226 g) although there were no
significant differences in the TSS of the fruit. Significantly higher water use efficiency was
observed for 30% soil volume wetting irrigation (274.1 kg/m®) and further no significant
differences were observed in water use efficiency between 50% and 70% soil volume wetting
irrigations indicating that in areas of water scarcity, it is enough to scheduling the irrigation
only upto 50% soil volume wetting in mango for economising the water (232.1 kg/m’).

Keywords: Mango yield, scheduling irrigation, soil volume wetting, water use efficiency

INTRODUCTION

A properly designed and operated drip irrigation
system has to supply the water amount required by
the crop and should also wet enough soil volume. The
wetting patterns which develop from dripping water
onto the soil depend on discharge and soil type. Two
of the key factors in the design of micro-irrigation
systems to obtain the maximum benefits are the
amount of water used and the volume of soil to be
wetted.

The partial soil wetting pattern by micro irrigation
requires assessment of the percentage of soil volume
that is wetted (Sne, 2006). Distance between emitter
on lateral pipe and distance of lateral pipes from each
other should be determined based on the degree of
wetted soil diameter by emitters. Duration of irrigation
also depends on the fact that at what time after
commencement of irrigation, the wetting front reaches
depth of plant’s root or a multiple of it. Distance of
outlets, discharge rate and time of irrigation in drip
irrigation have to be determined so that volume of
wetted soil is close to volume of plant’s root as much
as possible. This is because volume of wetted soil

surface and moisture depends on soil texture and
layering, soil homogeneity, dripper flow rate, primary
moisture of soil, consumption water and land slope.
A truncated ellipsoid is assumed to best represent the
geometry of the wetted soil volume under an emitter.
The restricted volume of the wetted soil under drip
irrigation and depth-width dimensions of this volume
are of considerable practical importance. The volume
of the wetted soil represents the amount of soil water
stored in the root zone, its depth dimension should
coincide with the depth of the root system while its
width dimension should be related to the spacing
between the emitters and lines. The parameters which
influence the wetted soil volume are the available
water holding capacity of the soil and the peak daily
crop water use representing specific field conditions.
The irrigation interval and the management-allowed
deficit are additional parameters which affect the
wetted volume and could be changed depending on
crop sensitivity as well as water and irrigation
equipment accessibility (Li et al., 2004).

Irrigation water applied should be adequate for crop
water use in irrigation interval. The applied water
should not be beyond crop root zone to avoid deep

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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percolation. Although the wetted soil is based on soil
type, flow rate, and crop water use, the horizontal and
vertical water movements are related to both emitter
flow rate and soil intake rates. As such there is a need
to optimise the wetted volume taking into account
soils, crop, crop stage and seasons.

Mango is the main fruit crop of India and is
extensively cultivated under rain fed conditions (68%)
with wider spacing without much inputs. At present
mango is cultivated in an area of 22, 93,000 ha with
a production of 2, 07, 98,000 MT, the productivity
being 9.66 t/ha (Anon. 2019). Most of the fruit
development of on-season mango fruits takes place
during the dry season and farmers have to irrigate
mango trees to ensure high yields and good quality.
Mango responds well to irrigation especially during
fruit set to fruit development. Mango fruit production
and quality at fruit growth stage were significantly
affected under different irrigation water amounts.
Variation in soil water content not only had effects on
fruit size, but also on fruit yield (Wei et al., 2017).
Deficit irrigation strategies are needed to increase
water use efficiency and solve the problem of fruit
weight reduction during development (Srikasetsarakul
et al., 2011). Further, the amount of water to be
irrigated and the per cent soil volume to be wetted need
to be standardized to a given crop situation for
enhanced water use efficiency especially under scarce
situations. Keeping these points in view, efforts were
made to standardise the optimum soil volume wetting
irrigation for mango.

MATERIALS AND METHODS

Field experiments were conducted for four years
during 2017 to 2020 at ICAR- Indian Institute of
Horticultural Research, Hessaraghatta, Bengaluru
located at a latitude of 13°8’12"N and a longitude of
77°29°45"E, to standardize the optimum wetted soil
volume for irrigation in 18 years old mango (variety
Raspuri) spaced at 6m x 6m. The maximum
temperature during the experimental period ranged
from 24°C to 36°C and the minimum temperature
ranged between 10°C to 22°C. The period between
March to May are the warm months with higher
temperatures and evaporation while the period between
November to January were the cooler months with low
temperature and evaporation. The average relative
humidity was higher during September and October
months. The average rainfall of the location is around
850 mm with two peak periods of rainfall during June-
July and September-October months.
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Pre-experimental soil had a pH of 4.73 with moderate
salts (1.00 dSm™). The organic carbon content of the
soil was good (2.91 %). The available nitrogen (471.4
kg/ha), available phosphorus (23.8 kg/ha) and the
available potassium content of the soil was on higher
side (350 kg/ha).

The experiment involved comparison of three levels
of soil volume wetting irrigation (30%, 50% and 70%)
with normal drip irrigation (80% soil volume wetting)
as control in RBD design with six replications. The
mango crop was maintained with recommended
package of practices except for irrigation.

The evaporation data was collected from USWB Class
A open pan evaporimeter of meteorological
observatory situated in the experimental farm of
ICAR-IIHR. Irrigation scheduling was done based on
pan evaporation data as per the treatments coinciding
with the period from fruit set to fruit development
stages.

The volume of the active root zone (soil volume) was
arrived by excavating the moist soil carefully (without
damaging the roots) around the base before
experimentation in the representative plants. Plastic
barriers were introduced to the required length and
depth of the root zone to demarcate the required per
cent wet and dry zones. Three different percentages
of the surface soil areas were wetted by the use of
single (for 30% and 50% soil volume wetting) and
double drip laterals (for 70% soil volume wetting). The
amount of rain was taken into account and irrigation
paused or reduced accordingly. Total water applied
was measured and water applied per tree was
calculated based on application time and nominal flow
rate. The calculated amount of water for each
irrigation was either partially wetted or fully wetted
in the root zone depending on the treatment. An
irrigation level of 80% ER was fixed based on the
results of earlier experiments in mango and water use
was calculated to wet the required per cent soil volume
in the active root zone based on the wetted area basis
as per the treatments.Soil moisture variations were
monitored both in dry and wet zones periodically
through gravimetric method.

Mango was applied with recommended FYM with a
fertilizer dose of 730g N, 180g P,O; and 680g K,O
per plant per year and the crop was managed with
recommended package of practices except for
irrigation. Plant hoppers were controlled using
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Imidacloprid 0.3% and powdery mildew with wettable
Sulphur. All the growth and yield parameters were
recorded in mango each year. The canopy volume in
mango was computed as per standard procedure
(Mark et al., 2002).

At harvest, yield was determined separately for each
tree in alltreatments by the use of a mechanical
balance. Water use efficiency (kg fruits m=of water
applied) was worked out based on the total water
applied through drip irrigation according to FAO
recommendations (Doorenbos and Kassam, 1979).

Dropped fruits under all trees in the experiment were
collected, counted and weighed. Fruit drop was
recorded periodically in number and weight. After
harvest the number of all dropped fruits per tree and
all harvested fruits were added up to estimate the total
fruit retention. The retention rate was calculated as the
percentage of fruits attached to the tree at harvest as
compared to the calculated initial fruit set.

The mean data was analysed as per standard statistical
procedures (Panse and Sukhatme, 1985).

RESULTS AND DISCUSSION
Soil moisture

The moisture studies in the root zone during different
periods indicated that there exist significant variations
in the soil moisture across the treatments. In the wet
zone, the soil moisture increased with increase in the
per cent volume of soil irrigated. The highest soil
moisture in the wet zone (14.5 %) was recorded with
80% soil volume wetting with a record of 179.9%
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increased moisture over the dry zone. It was noticed
that even with 50% soil volume wetting, the per cent
soil moisture difference in the wet zone was over 158.3
% as compared to dry zone.The higher moisture with
increased level of irrigation meeting higher volumes
of soil may be attributed to the fact that increasing
the water application rate allowed more water to
distribute in horizontal direction, while decreasing the
rate allows more water to distribute in vertical
direction for a given volume applied (Li et al., 2004).
Moreshet (1983) attributed this to the differences in
the water depletion as well to the root density
distribution pattern between the partially irrigated and
that of the fully irrigated one.

Plant growth in mango

The growth parameters in general increased upto 50%
soil volume wetting and declined thereafter. Further
at 80% soil wetted volume irrigation,significantly
lower canopy spread of the plant was observed
compared to lower levels of soil volume wetting
suggesting that the growth in mango is not favoured
much with irrigation above 70% soil volume wetting.
Vellame (2015) attributes this to the plant acclimation
which is caused by an increase in root concentration
in the irrigated area. After a period of acclimation, if
the entire root system is wetted, soil water extraction
becomes proportional to the percentage of wetted area
after a short period of time.

Fruit retention in mango

The fruit retention in mango was significantly
influenced by different wetted volumes of irrigating the

Table 1 : Mean soil moisture variation in dry and wet root zones in mango basin

Soil moisture in Soil moisture in % increase in soil
Irrigation treatment wet zone dry zone moisture in wet zone
(%) (%) over dry zone
30% soil wetted volume 7.71 3.06 152.0
irrigation
50% soil wetted volume 11.96 4.63 158.3
irrigation
70% soil wetted volume 12.77 5.01 154.9
irrigation
80% soil wetted volume 14.50 5.18 179.9
irrigation
S.Em+ 1.05 0.52
C.D (P=0.05) 3.35 NS
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Table 2 : Percent wetted soil volume irrigation in influencing the plant growth characters in mango

Plant height | Canopy volume Girth Primary Secondary
Treatment (m) (m?) (cm) branches/plant | branches/plant
2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 | 2020 | 2019 2020
30% soil wetted 3.20 334 | 35.64 | 31.98 | 6438 | 70.00 | 3.00 3.00 3.38 3.38
volume irrigation
50% soil wetted 3.70 398 | 53.06 | 4594 | 64.13 | 67.75 | 4.00 4.00 2.95 2.94
volume irrigation
70% soil wetted 3.52 3.70 | 46.10 | 37.74 | 67.75 | 70.25 | 2.50 2.50 3.30 3.30
volume irrigation
80% soil wetted 3.44 3.58 | 38.24 | 3422 | 63.50 | 67.25 | 2.75 2.75 3.05 3.04
volume irrigation
S.Em+ 0.19 0.19 4.10 4.50 3.38 3.90 0.42 0.42 0.27 0.28
C.D (P=0.05) NS NS 12.79 NS NS NS NS NS NS

soil with increase in the retention as the percent soil
wetting increased with irrigation although the trend
was not continuous. Significantly higher fruit retention
(49.3 %) was observed at 70% soil volume wetting
irrigation which although was found at par with 50%
soil volume wetting irrigation (47.2%), differed
significantly from the other two levels. The increase
in fruit retention with increased moisture levels may
be attributed to the reduction in fruitlet drop as a
consequence of favourable moisture conditions. These
differences may also be attributed to the accumulation
of abscisic acid in buds at floral initiation in
optimizing leaf water potential and sap flow besides
optimizing carbohydrate availability and cytokinin in
sustaining differentiation activity in growing buds
(Makhmale Sandip et al., 2015). Similar observations

of maximum fruit retention at harvest stage and
delayed maturity in the mango trees with irrigation was
also observed by Malshe et al., (2020).

Yield attributing characters and the fruit yield

The number of mango fruits per plant increased
significantly with increase in soil volume wetting
irrigation upto 70% (191.9 fruits/plant) decreasing
thereafter suggesting that mango responds only upto
this level of soil moisture. Higher fruit number with
70% soil volume wetting irrigation may be attributed
to higher fruit retention with reduced fruit drop owing
to favourable soil moisture conditions at the critical
phase. Morshet ef al., (1983) also observed that there
was a considerable difference in flower abscission
between irrigation levels especially at the beginning

Table 3 : Mean fruit retention and fruit number per plant in mango as influenced by different wetted soil

volume irrigation during different years

Vol. 17(2) : 325-332, 2022

Fruit retention in plant (%) Fruit no. /plant

Treatment

2017 2018 2019 Mean 2017 2018 2019 2020 Mean
30% soil wetted 38.9 39.7 47.9 42.2 120.6 205.7 136.6 65.9 132.2
volume irrigation
50% soil wetted 41.2 36.1 38.8 38.7 124.2 198.7 155.3 131.5 152.4
volume irrigation
70% soil wetted 44.2 38.2 59.1 47.2 154.5 214.0 230.4 168.8 191.9
volume irrigation
80% soil wetted 453 37.8 64.7 493 66.6 177.0 169.8 146.7 140.0
volume irrigation
S.Em+ 2.8 3.7 2.8 1.6 18.4 22.7 18.5 25.5 11.91
C.D (P=0.05) NS NS 8.7 4.73 56.1 NS 56.2 NS 36.23
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Table 4 : Mean fruit yield as influenced by percent soil volume wetting irrigation in mango

Fruit yield (kg /plant) Fruit yield (t/ha)

Treatment 2017 2018 2019 2020 | Pooled | 2017 2018 2019 2020 | Pooled

Mean Mean
30% soil wetted 22.1 36.6 21.8 12.0 214 6.13 10.17 6.05 3.32 593
volume irrigation
50% soil wetted 224 349 28.3 25.0 25.8 6.21 9.68 7.87 6.95 7.15
volume irrigation
70% soil wetted 33.7 40.2 45.9 304 34.8 9.35 11.18 | 12.76 8.43 9.68
volume irrigation
80% soil wetted 12.2 317 31.2 31.5 26.6 3.38 8.79 8.66 8.73 7.40
volume irrigation
S.Em+ 35 3.8 4.0 4.7 2.0 0.97 1.06 1.11 1.30 0.56
C.D (P=0.05) 10.7 NS 12.2 14.2 6.1 2.96 NS 3.38 3.96 1.70

of the flowering season. The flower abscission rate in
the partially irrigated trees was higher than in the fully
irrigated trees while the abscission of fruitlets was
lesser in the partially irrigated treatment.

The mean fruit yield per plant increased significantly
with increase in soil volume wetting irrigation upto
70% decreasing there after indicating the graded
response to moisture levels in mango. Significantly
higher mean fruit yield of 34.80 kg/plant (9.68 t/ha)
was recorded with 70% soil volume wetting irrigation.
This suggests that it is worth giving irrigation to meet
70% level of evaporation demand in areas where water
is not scarce. The results also suggests that with
further increase in the level of soil volume wetting
irrigation (upto 80%), there was a decline in the mango
yield (7.40 t/ha) indicating that beyond 70% of soil
volume wetting, it is a luxury consumption for the
plant. The increase in mean fruit yield with 70% soil
volume wetting irrigation over the control (80% soil
volume wetting) was 26.1 per cent indicating the
deleterious effects of excess irrigation in mango that
too with loss of precious irrigation water (24.5%).
Earlier studies in mango also revealed that meeting
70% evaporative demand is the best for higher fruit
yield and quality (Srinivas et al., 2016).

Fruit weight and TSS

The number of fruits rather than the fruit size
influences the total yield. Higher fruit yield and
favorable fruit size distribution are counteracting and
the exact control of both parameters by means of
irrigation seems to be difficult. While there is a

negative correlation between the number of fruits onthe
tree and the average fruit size, the influence of
irrigation on fruit size remains important.

Significantly increased response for irrigation in
mango fruit size was observed upto 70% soil volume
irrigation (226 g) and decreased there after suggesting
that beyond this level, the rate of increase in fruit size
is only marginal. Lesser fruit weight at lower levels
of irrigation may be attributed to the water stress for
the full growth of the fruit. Noitsakis et al., (2016)
also inferred that higher level of water stress was
observed when 50% irrigation water of fully watered
pomegranate plants was applied resulting in a
significant decrease in mean fruit weight and diameter.

The TSS in mango fruit was although not significantly
influenced by different irrigation wetted volumes of
soil, relatively higher T.S.S. of 18.84° B was observed
at 50% as compared with 80% (17.76° B) although
found at par with rest of the treatments. Further, this
may be attributed to the ability of mango to survive
short periods of water deficits as a result of drought
tolerance that reduces vegetative growth allowing
better penetration of light into the canopy.

Water use efficiency

A perusal of the amount of water used / ha during
different years for each of the treatment showed that
there was a considerable difference across the
treatments. The amount of water used / ha under 80%
of soil wetted volume was substantially higher (78.7
m’/ha) as compared to 30%, the latter depicting a
saving of 67.5 % water. Similarly, 50% wetted soil
volume irrigation showed a saving of 46.2% water
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Table 5 : Mean fruit weight and total soluble solids as influenced by percent soil volume wetting

irrigation in mango

Mean fruit weight (g) T.S.S. (B)

Treatment

2017 2018 2019 2020 | Mean | 2017 2018 2019 2020 | Mean
30% soil wetted 181.4 | 1779 | 156.7 | 1729 | 1722 | 19.64 | 16.66 | 18.16 18.3 18.2
volume irrigation
50% soil wetted 183.5 178 181.7 | 1854 | 1822 | 19.40 | 17.96 | 20.52 | 17.44 | 18.84
volume irrigation
70% soil wetted 218 192.8 | 197.4 | 183.5 | 1979 | 1798 | 17.76 | 19.32 | 19.28 | 18.58
volume irrigation
80% soil wetted | 214.3 | 179.7 | 183.2 | 230.2 | 201.8 | 18.54 | 15.84 | 17.48 | 19.12 | 17.76
volume irrigation
S.Em+ 13.71 | 6.873 4.69 18.01 7.5 0.79 0.48 0.72 0.52 0.28
C.D (P=0.05) NS NS 14.27 NS 22.7 NS 1.49 NS NS NS

Table 6 : Water use efficiency in mango (over four years) as influenced by different levels of per

cent soil volume wetting irrigation

Mean (Savings
water in
Water used (m*/ha) used | water WUE (kg/m®)
Treatment (litres/| (%)
plant)
2017 | 2018 | 2019 | 2020 | Mean 2017 | 2018 | 2019 | 2020 | Mean
30% soil 2528 | 33.18 | 34.73 | 89 | 2552 | 91.8 | 67.5 |242.3 | 306.6 | 1743 | 373.3 | 274.1
wetted
volume
irrigation
50% soil 41.90 | 54.84 | 57.67 | 149 | 4233 | 152.3 | 46.2 | 1482 | 176.5 | 136.4 | 467.3 | 232.1
wetted
volume
irrigation
70% soil 58.98 | 76.71 | 81.03 | 20.8 | 59.38 | 213.6 | 24.5 | 158.6 | 145.7 | 157.5| 405.8 | 216.9
wetted
volume
irrigation
80% soil 77.03 | 95.15 |112.75| 29.7 | 78.70 | 283.1 - 439 | 924 | 76.8 | 293.7 | 126.7
wetted
volume
irrigation
S.Em=+ - - - - - - 233 | 16.8 | 20.1 | 93.3 | 27.0
C.D (P=0.05) - - - - - - 70.8 | 51.0 | o6l.1 - 82.2

compared to normal (80% soil wetted volume)
irrigation indicating that by following the 50% soil
volume wetting, nearly double the area of the crop can
be irrigated.

Significant variations were observed in the mean water
use efficiency across the treatments. Higher water use

efficiency was observed for 30% soil volume wetting
irrigation (274.1 kg/m?) differing significantly with
other levels suggesting that more yield could be
obtained per unit amount of water used with the
treatment. Further, as the per cent soil volume wetting
irrigation increased, the water use efficiency decreased
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drastically. This may be attributed to the fact that
evaporation is minimised by restriction in wetted soil
area and such reduction is influenced by the number
of days after the beginning of partial irrigation,
atmospheric evaporative demand and plant
phonological stage (Vellame et al., 2015).

It was noted that there was non-significant differences
in the WUE between 50% (232.1 kg/m*) and 70% soil
volume wetting irrigation (216.9 kg/m?) indicating that
in areas of water scarcity it is worth irrigating only
upto 50% of soil volume wetting so that we can also
save another 21.7% water. Spreer et al. (2009) also
inferred that water use efficiency was always
significantly higher in the deficit irrigation treatments
as compared to the control. Further, Wei et al. (2017)
also concluded that when the soil moisture content was
controlled at about 65+70% of the field water moisture
capacity, water demand in the growth and development
of mango could be ensured and maximum production
efficiency of irrigation and the best quality of fruit
could be achieved.

100

90
80 7

70
60 7,
50
a0
30
20
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volumeirrigation  volumeirrigation  volumeirrigation  volume irrigation
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Fig 1. Mean fruit yield and water use efficiency in
mango (over four years) as influenced by different
levels of per cent soil volume wetting irrigation

CONCLUSION

Wetting soil volume upto 70% recorded higher mean
fruit yield of 34.8 kg/plant (9.68 t/ha) and with further
increase in the level of soil volume wetting irrigation
(upto 80%), there was a decline in the mango yield
(7.40 t/ha). Similarly, significantly increased response
was observed in fruit weight upto 70% soil volume
irrigation (226 g). Significant differences were not
observed in water use efficiency between 50% and
70% soil volume wetting irrigations indicating that in
areas of water scarcity, it is enough scheduling the
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irrigation only upto 50% soil volume wetting in mango
for economising the water (232.1 kg/m®).
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ABSTRACT

Arecanut (Areca catechu L.) commonly called as betel nut is a high value commercial crop
of coastal and Malnad region of Kerala and Karnataka. The present study was carried out
at Agricultural and Horticultural Research Station, Sringeri, UAHS Shivamogga in 2018.
The study attempts the correlation studies in the germplasm will help to understand the mutual
relationship among various traits and thereby assist in selecting the character contributing
to the yield. In addition to this the selection for yield directly is ineffective as yield is affected
by many other traits. The highest positive significant for the association of fruit yield per
palm was with the fresh kernel weight per palm (0.96g) followed by dry weight of husk per
palm (0.89¢g) and fresh weight of husk per palm (0.89¢g). Path analysis revealed that nineteen
out of thirty-four characters recorded that fruit volume (2.40cc) had highest positive direct
effect on fruit yield per palm followed by fresh fruit weight (2.17g) and breadth of leaf sheath
(2.11m). It can be concluded that growth and yield characters may be considered in selection
criteria for the improvement of yield in arecanut.

Keywords : Arecanut, correlation, path analysis and yield

INTRODUCTION

The coastal and Maland region of Karnataka has
tremendous potential for cultivation of arecanut due
to favourable soil and climate, it is mostly confined
to 28° north and south of the equator. It grows within
a temperature range of 14 °C to 36 °C. Susceptibility
to low and diverse temperature, it requires ample
supply of soil moisture and plentiful of rainfall
throughout the year (1,500-5,000 mm). It can be
grown in a soil type such as laterites, red loamy and
alluvial. The depth of soil may not be less than 1 m.
The soil should be well drained.

Arecanut (Areca catechu L.) is a high value
commercial crop of India, which is also called betel
nut. It is widely distributed in Philippines, Indonesia,
Sri Lanka, Southern China, Taiwan and Java. India
stands first in the world in arecanut production
followed by Myanmar, Bangladesh, China and
Indonesia. (INDIASTAT, 2020). A total of 11.08 lakh
tons of arecanut was produced from 7.43 lakh ha In
India with a productivity of 1491 kg per ha
(INDIASTAT, 2020). Area and production in different

states indicate that Karnataka, Kerala and Assam
occupy 80 per cent of area and production followed
by Meghalaya, West Bengal, Tamil Nadu, Mizoram
and Odisha. The little effort has been identifying the
genetic potential of arecanut genotypes in the region.
The natural genetic variation for most of the yield
contributing characters is considerable in this crop in
the region and there is a need for the breeders to
restructure the materials for increasing the production
and productivity. Correlation study in yield and yield
attributing characters/traits will be of value in selection
of traits during improvement. Path analysis provides
an effective means of finding out direct and indirect
causes of association and permits a critical
examination of given correlation and measures the
relative importance of each factor. It gives more
accurate pattern of trait association through direct and
indirect effects.

MATERIALS AND METHODS

Ten arecanut genotypes such as Sumangala, Sringeri
local, Mohit Nagar, SAS-1, Hirchalli Dwarf, Keladi
Local, Sagar Local, Thirthahalli Local, Sreemangala

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
AT which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



and Mangala as test entries with three replications,
each having three palms of eight years old were
evaluated at Agricultural and Horticultural Research
Station, Sringeri, which is located in the Western Ghats
and represents the typical hill zone (9) of Karnataka
and lies at 13°25” North latitude and 75° 25" East
longitude with an altitude of 980 m above mean sea
level during 2018. The observation on growth and
yield characters were recorded at the time of maturity.

Phenotypic correlations of 34 characters both
growth and yield quantitative characters namely,
kernel breadth (mm), fresh weight of husk (g),
number of bunches per palm, husk thickness (mm),
dry weight of husk (g), fresh nut yield per palm (g),
recovery percentage (%), bunch weight per palm
(g), fresh kernel weight per palm (g), fresh weight
of husk per palm (g), dry weight of husk per palm,
(g) number of inflorescence, plant height (m),
crown length (m), girth (m), inter nodal length (m),
number of fronds , number of leaflets , length of
oldest leaf (m), breadth of oldest leaf (m), length
of leaf sheath (m), breadth of leaf sheath (m),
number of female flowers per inflorescence, number
of nuts per palm, fruit length(mm), fruit breadth
(mm), fresh fruit weight (mm), kernel length (mm)
, fruit volume (cc), dry weight of kernel (mm), Total
chlorophyll content (pg /g) and number of nuts per
inflorescence fruit yield per palm (g) presented in
Table 1 and 2. Mean data was subjected for study
of correlation and path coefficient as suggested by
Miller et al. (1958) and Dewey and Lu (1959)
respectively.

RESULTS AND DISCUSSION

The analysis of variance showed significant
differences among the genotypes for all the
characters studied. The extent of variability present
in the germplasm provides scope for the crop
improvement programme and also depends on the
extent of heritability for a trait. Range of variation
observed for all the traits indicated the presence of
sufficient amount of variation among the genotypes
for all the characters studied. The genotype
Mangala recorded higher mean value for traits like
fruit length, fruit breadth, husk thickness, fresh
weight of husk, fresh nut yield, bunch weight, fresh
weight of kernel, dry weight of kernel, fresh weight
of husk per palm, dry weight of husk per palm and
number of inflorescences. SAS-1 recorded the
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lowest value for fruit length and kernel length.
Sringeri Local recorded the lowest value for fruit
breadth and fruit volume. Sumangala recorded
higher value for fruit volume and lowest value for
number of nuts per inflorescence. Mohit Nagar
recorded higher value for fresh fruit weight, kernel
breadth, fresh weight of kernel, dry weight of kernel
and dry weight of husk while lower value for
recovery percentage. The minimum kernel weight
was observed in Hirehalli Dwarf. The higher kernel
weight was observed in Sumangala, Mohit Nagar
cultivars which has been reported earlier (Ananda
and Rajesh, 2004) [2]. Phenotypic expression of
any traits largely depends on the genotype of the
plant and influences environmental variation but
generally, higher environmental influence
suppresses the complete expression of genes.
Phenotypic coefficient of variation was higher than
the genotypic coefficient of variation for all the
characters studied but, this needs a good
understanding of the association of different traits
with yield and their association among themselves.
The correlation analysis helps in examining the
possibility of improving yield and its attributing
traits through an indirect selection of their highly
correlated component traits. In this investigation,
correlation coefficients were worked out on ten
genotypes of arecanut.

The study of the association of component
characters with a complex trait like yield is very
helpful for ease of gainful selection in any breeding
programme. It has been established that the
structure of yield must be probed through its
components rather than yield. The concept of
correlations was elaborated by Fisher (1918) and
Wright (1921).

The association of fruit yield per palm was positive
significant with the kernel breadth (0.39), fresh
weight of husk (0.65), number of bunches per palm
(0.68), husk thickness (0.69), dry weight of husk
(0.40), fresh nut yield per palm (0.68), recovery
percentage (0.36), bunch weight per palm (0.68),
fresh kernel weight per palm (0.97), fresh weight
of husk per palm (0.89), dry weight of husk per
palm (0.90) and number of inflorescence (0.66)
(Archana, 2017) and Rajesh (2007) for per cent nut
set, the number of female flowers per inflorescence.
Since these associated characters were in the
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desirable direction, it indicated that simultaneous
selection for these characters would be rewarding
in improving the dry kernel yield. Talukder et al.
(2011) observed that nut weight showed a positive
and significant correlation with husk weight, the
volume of water, shell weight, kernel weight and
kernel thickness in coconut. Highly significant
positive correlations were observed among whole
nut weight, dehusked nut weight and copra weight
by Natarajan et al. (2010).

The remaining characters are positive but non-
significant viz., plant height (0.09), crown length
(0.26), girth (0.12), inter nodal length (0.24), number
of fronds (0.07), number of leaflets (0.10), length of
oldest leaf (0.22), breadth of oldest leaf (0.30), length
of leaf sheath (0.13), breadth of leaf sheath (0.31),
which is mainly due to an increase in crown length
would accommodate a greater number of leaves which
in response produce high quantities of photosynthates.
The number of female flowers per inflorescence (0.01),
number of nuts per palm (0.46), fruit length (0.34),
fruit breadth (0.62), fresh fruit weight (0.34), kernel
length (0.16), fruit volume (0.19), dry weight of kernel
(0.27) The results were confirmed with the findings
of Rajesh (2007). In arecanut, plant height, husk
thickness, kernel breadth and dry weight of kernel are
important characters to be accounted for gaining
improvement in yield per palm. Since these characters
had a high direct association on dry kernel yield at
the phenotypic level. This indicated that in arecanut
production of nuts is not affected due to the individual
nut weight and vice versa.

Total chlorophyll content (-0.10) and number of nuts
per inflorescence (-0.30) had a negative association
with fruit yield per palm but it was very low and non-
significant and none of the characters showed negative
correlation with yield/plant. Therefore, there may not
be any problem in increasing the yield of arecanut
through any of the characters under study. Anand et
al. (2005) noticed the fresh fruit weight, dry kernel
weight, dry kernel recovery, dry fruit weight was
correlated positively with kernel yield while husk
thickness had negative association with kernel yield
in exotic accessions (Ananda et al., 2005). Similarly,
characters like fresh fruit weight, dry kernel weight
and dry kernel recovery had high magnitude of
correlation with kernel yield and production of nuts
in arecanut varieties during initial bearing in coastal
region of Karnataka (Ananda et al., 2001) while
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negative correlations were reported between the dry
nut weight and dry husk weight with kernel yield.
Therefore, all the characters were found helpful in
increasing the yield of arecanut. (Table 1 and 2).

The coefficient of correlation does not give the true
picture under complex situations. Under such
situations, path coefficient analysis provides a mean
to determine the direct influence of one variable
(cause) upon another variable (effect). For the
establishment of cause and effect relationship path
coefficient analysis offers an opportunity for partition
of correlation coefficient into component of direct and
indirect effects (Wright, 1921) and path coefficient
analysis is the effective measure of direct and indirect
causes of association and also depicts the relative
importance of each factor involved in contributing to
the final product that is yield (Dewey and Lu,
1959).Path coefficient analysis was carried out by
taking fruit yield per plant as dependent variable.
Positive and negative, direct and indirect effect of yield
components on fruit yield per plant is presented in
table 3 and 4.

The present investigation path analysis revealed that
nineteen out of thirty-four characters recorded that
fruit volume (2.40) had highest positive direct effect
on fruit yield per palm followed by fresh fruit weight
(2.18) and breadth of leaf sheath (2.12). Remaining
characters had negative direct effect, among them
number of inflorescences per palm (-0.25) had highest
negative direct effect on fruit yield per palm followed
by number of fronds (-2.22) and fresh husk weight per
palm (-1.51). Rajesh (2007) observed the direct effects
on dry kernel yield via nut set, breadth of leaflet,
internodal length, the number of leaves, the number
of inflorescences per palm, length of leaf, fresh fruit
weight. The traits viz., crown length, internodal length
and leaf breadth were negatively contributed towards
dry kernel yield. Similar results were observed by
Bavappa and Nair (1982). The local arecanut cultivar
of South Kanara in coconut cultivars, such trends have
been reported by Renuga (1999) and Jerard (2002),
Ganesamurthy et al. (2002) in coconut and Natarajan
et al. (2010) in Arecanut. Therefore, it can be
concluded that these characters can be considered in
selection criteria for the improvement of yield in
arecanut. The residual effect (0.067) obtained was less
than 0.5, suggesting that some of the characters have
not been included, which may be responsible to
enhance the fruit yield of arecanut.
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CONCLUSION

The study of the association of component characters
with a complex trait like yield is very helpful for ease
of gainful selection in any breeding programme. The
association of fruit yield per palm was positively
significant with most of the morphological characters
under study. Path analysis revealed that nineteen of
thirty-eight characters recorded fruit volume had
highest positive direct effect on fruit yield per palm
followed by fresh fruit weight and breadth of leaf
sheath. It can be concluded that these characters may
be considered in selection criteria for the improvement
of yield in arecanut.
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ABSTRACT

A pot experiment was conducted at Horticulture Experimental Area, Gomal University, Dera
Ismail Khan, Pakistan to investigate the combined effects of NPK and organic manures on
growth and yield of carrot, for two consecutive years. The experiment was laid out in CRD
with six treatments and four replications. Five different organic manures such as poultry
manure (PM), sewage sludge (SS), farmyard manure (FYM), press mud (PrM) and goat
manure (GM) were applied in combination with NPK, each at recommended levels for two
successive years. A fertilizer check (control) was also included as treatment where no fertilizer
and manure were used. The study revealed significant improvements in almost all growth
and yield attributes by combined application of NPK and organic manures. Among different
combinations, NPK + PM surpassed all other treatments by giving maximum leaves per plant
(8.73 and 8.13), leaf length (38.17 and 36.77cm), root length (29.30 and 24.83cm), root
diameter (3.10 and 3.27cm), root weight per plant (142.40 and 142.00g), total biomass per
plant (169.33 and 166.67g) and root yield (56.67 and 56.83 t/ha), during both the experimental
years. Similarly, NPK combination with green manure and sewage sludge also produced better
results pertaining to carrot growth and production for two consecutive years. It was also
observed during the study that control treatment showed poorest findings and placed at lowest

%
%
R

levels.

Keywords: Carrot, NPK, organic manures, root length, root weight and total biomass

INTRODUCTION

Carrot is one of the major vegetable crops grown
throughout the world (Cho et al., 2021) and considered
to be an important economical vegetable as it has large
yield per unit area (Sikora et al., 2020). In Pakistan,
carrot is one of the cheaply available vegetables and
is equally used by poor and rich people (Amjad et al.,
2013). Besides, vitamin A and fiber carrot is also
enriched with carbohydrates, protein, minerals, fibers,
iron and so on (Khomich et al., 2020). From
therapeutic point of view carrot is more useful in
curing human diseases especially eye sight (Nagraj et
al., 2020). This root vegetable is used for different
purposes in daily human diet and its roots are eaten
uncooked in steamed or boiled vegetable salad and can
also be used in soup and other food stuff (Rahman et
al., 2020). According to survey in Pakistan (2017-18)

the carrot was grown on area of 13.95 thousand ha
and its total production was 241.91 thousand tones
(Noor et al., 2020). The proper application of nutrients
increase the soil fertility and crop production (Silveria
and Kohmann, 2020). Plants and crops fulfill their
nutritional requirements by the uptake of minerals
largely through soil (Vijayprabhakar et al., 2020).
Balanced nutrition application is considered as an
important factor to boost production. Both soil fertility
and crop production are adversely affected by misuse
of fertilizers without any significant knowledge
(Pandey et al., 2020). Generally, most carrot growers
use inorganic fertilizers to realize higher yields. The
rising level of inorganic fertilizers adversely affect the
human health (Toor et al., 2020) soil texture and
structure. So, the farmers tried the integrated plant
nutrients which significantly increased the fertility of
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YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



soil and crop production (Singh et al., 2020). There
are several organic soil amendments which include
materials such as chicken manure, cattle manure,
cocoa pod husk, compost and solid waste (Ameen,
2020). So, the mineral fertilizers can be substituted
by organic manures. Manure application provides
nutrients, enhances water holding ability, soil structure
and porosity, moisture retention, bulk density, enhance
the microbial growth and crop quality (Goel et al.,
2020). Organic fertilizers are cheaper than inorganic
sources, thus farmers can easily afford the cost of
organic fertilizers (Hafez et al., 2020) In order, to
achieve high yield and quality product, the proper use
of mineral fertilizers and organic manure are of
considerable importance. They also display a vital role
in avoiding harmful effects on soil and environment
as well (Fallah et al., 2020) The effectiveness of the
combined application of mineral and organic fertilizers
assigned to the increased efficiency of mineral fertilizer
and the balanced supply of all the essential nutrients.
Integrated use of organic and inorganic fertilizers can
improve crop productivity and sustain soil fertility
(Hammad et al., 2020) However, the main important
issue is that the organic fertilizers are slowly available
to the crops as compared to the inorganic fertilizers.
Recently, the researchers focused to practice the
combination of mineral fertilizers and organic
manures. The combination of both the organic and
inorganic fertilizer increase the soil fertility, crop
production and decrease the level of soil pollution
(Karmakar et al., 2020). Taking into consideration the
beneficial aspect of integrated fertilizers, an
experiment was conducted to study the response of
growth and yield of carrot towards the combined effect
of NPK dose and organic manures.

MATERIALS AND METHODS

The two years study to investigate the integrated use
efficiency of different organic manures in addition to
NPK on growth and production of carrot was carried
out at Horticulture Experimental Area, Gomal
University, Dera Ismail Khan, Pakistan. Experimental
site is located between 32° 4° N (latitude), 71° 2’
(longitude) and 173 m (altitude) above sea level.
Climatic conditions of the study area are arid,
subtropical, and continental with an average rainfall
ranging 180-300 mm. The trial was conducted in pots
using CRD layout with six treatments (i.e.) T,:Control
(no fertilizers), T,: NPK (100:100:125 kg ha') + FYM
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(30.0 t ha'), T;:NPK + PM (10.0 t ha"), T,;NPK +
GM (15.0 t ha'), T,: NPK + PrM (20.0 t ha'') and
T, :NPK + SS (20.0 t ha') each treatment replicated
four times. All pots were filled with equal and uniform
amount (20.0 kg) of river soil along with respective
quantities of NPK and organic manures. A set of pots
without any additives (manures and fertilizers) treated
as control. The required quantity of mineral fertilizers
(phosphorus and potash) were applied in the form of
Single super phosphate and Sulphate of potash at
sowing, while different manures were incorporated
well before sowing of seeds (10 days). Nitrogen was
applied in the form of urea in two splits i.e., before
sowing and after one month of sowing. Five seeds of
carrot (local variety) were sown on 20" October, each
year in pots and all cultural practices were performed
uniformly.

Data on various attributes pertaining to plant growth
and yield including number of leaves per plant, leaf
weight and length, root weight, length, diameter, plant
biomass and yield were recorded, and statistical
analysis was done as per ANOVA techniques, while
means’ comparison was done by Duncan’s multiple
range (DMR) test.

RESULTS AND DISCUSSION

Application of NPK and organic manures significantly
influenced number of leaves per plant during both the
experimental years (Tablel). Application of NPK +
PM recorded the significantly higher number of leaves
per plant (8.73 and 8.13) during both the years. It was
followed by the application of NPK + GM (8.17 and
7.60). The study also showed statistically on par
number of leaves per plant by applying SS (7.83 and
7.33), FYM (7.73 and 7.27) and PrM (7.60 and 7.07)
in addition to NPK. The control treatment recorded
the least number of leaves per plant was (4.53 and
3.27). The obtained results showed that the integrated
mineral and organic manure increased the number of
leaves by providing macro and micro nutrient to
plants. The increase in the number of is attributed to
the use of variant nature of the organic manures. The
obtained results are in accordance to previously
reported literature (Singh et al., 2007). Kirad et al.
(2010), also recorded 8.26 and 16.06 leaves per plant.
The addition of various organic fertilizers along with
NPK greatly increased the leaf length of the carrot.
The results related to the combined effect of organic
fertilizers along with NPK on the leaf length are shown
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in Table 1). Among the treatments, the longest leaves
(38.17 and 36.77 c¢cm) were produced by the
combination of NPK + PM, followed by NPK + GM
(35.17 and 36.50 cm) and NPK + SS (34.13 cm).
Significantly shortest leaves (17.33 and 15.70 cm)
were found in control treatment, during two years of
experimentation. The results of this experiment are
also supported by numerous references already cited
in literature (Singh et al., 2007, Singh et al., 2020 and
Sunandarani and Mallareddy, 2007). Data pertaining
to weight of carrot leaves (Table 1) expressed
significant variations by comparing organic manures,
as well as comparison over control for two succeeding
years. During 1% year, highest and statistically leaf
weight per plant (25.00g) was recorded with T,, which
remained on par with only T, (24.33 g) only. During
second year significantly higher leaf weight per plant
(23.67 g) was recorded in T,, which remained on par
with T, (23.00 g) and T6 (22.67g). The significantly
lowest values of 9.0 and 7.67 gm were recorded with
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T, during first and second year respectively. It can be
concluded from the results that the application of
organic manures in combination with NPK
substantially increased the weight of carrot leaves. The
combined introduction of manures along with NPK
raised the leaf weight 163.7% to 226.1% over control
in the first year, while the same was 144.4% to
162.9% in the next year, higher in NPK + PM (first
year) and NPK + GM (second year), while during both
years the minimum increase was noted NPK + PrM.
This might be attributed to the combination of
inorganic and organic fertilizers that decreased the loss
of nutrients. The proper use of the integrated manures
and fertilizers increased the leaf weight by providing
higher rate of nutrients availability (Toor et al., 2020).

The different treatments significantly influenced root
length, root diameter, root weight, biomass weight and
root yield (Table 2). Application of poultry manure
(PM) in addition to NPK produced significantly higher
values for root length (29.30 and 24.83 cm), which

Table 1 : Effect of NPK and organics manures on leaf characters in carrot in response of NPK and

organic manures

No. of leaves per plant Leaf length (cm) Leaf weight (g per plant)
Treatment I year II Year I year II Year I year II Year
T, 4.53 3.27 17.33 15.70 9.00 7.67
T, 7.73 7.27 33.87 32.73 22.33 21.33
T, 8.73 8.13 38.17 36.77 25.00 23.00
T, 8.17 7.60 36.50 35.17 24.33 23.67
T, 7.60 7.07 32.70 32.17 22.00 20.22
6 7.83 7.33 34.77 34.13 23.00 22.67
LSD (0.05) 0.239 0.289 0.670 1.013 0.878 1.434
Table 2 : Effect of NPK and organics manures on root characters and yield
Root -Root R?ot Biotnass Root yield
Treatment length diameter weight weight
(cm) (cm) (g/plant) (g/plant) (t/ha)
Iyear | II Year | I year | II Year | Iyear | II Year | Iyear | II Year | I year| II Year
T, 12.03 10.80 1.43 1.22 47.33 38.33 56.33 46.00 18.93 15.33
T, 22.00 19.57 2.79 2.50 128.00| 114.33 | 150.33| 135.63 | 51.04 45.73
T, 29.30 24.83 3.27 3.10 142.40| 142.00 | 169.33| 166.67 | 56.83 56.67
T, 26.03 23.87 2.93 2.90 141.33| 136.67 | 166.0 | 160.00 | 55.15 51.75
T, 23.77 20.73 2.80 2.67 128.67| 120.33 | 150.73| 140.57 | 53.83 45.90
s 25.17 21.83 2.83 2.73 130.33| 129.37 | 153.0 | 152.33 | 54.37 48.83
LSD (0.05) 1.829 1.157 0.133 0.176 5.116 4.598 2.876 4.608 1.301 1.936
J. Hortl. Sci. 343
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remained on par with only T, during the second year
of experimentation. Among different organic fertilizers,
poorest results (22.00 and 19.57 cm root length) were
recorded in NPK + FYM. However, the shortest roots
(10.80 ¢cm and 12.03 c¢m) were found in control
treatment. The current study revealed that the use of
organic manure in conjunction with NPK significantly
enlarged carrot roots, thereby advocating positive
impact on root growth from the combined use of
manures and fertilizers. These results are supported
by previously work done in literature (Sunandarani
and Mallareddy, 2007)

Root length and diameter greatly contributes to carrot
weight and yield. Amongst different organic manures
applied in addition to NPK, poultry manure (PM)
superseded other treatments by producing maximum
root diameter (3.27 and 3.10 cm), respectively for two
successive years. It was followed by NPK + GM (2.93
and 2.90 cm) and NPK + SS (2.83 and 2.73 cm)
respectively for two years. The lowest root diameter
(1.43 and 1.22 cm) was recorded in control treatment.
The study showed that the combined use of organic
manures together with NPK substantially increased the
carrot root diameter. Addition of PM proved superior
amongst treatments,while FYM was least effective that
might be due to lower nutrient concentrations in FYM
as well as its slow release and delayed decomposition.
From the obtained results it was concluded that the
integrated nutrients increased the root diameter (Toor
et al., 2020).

Maximum root weight per plant (142.4 and 142.0 g)
was recorded in combined application of NPK and
PM, which was followed by NPK + GM (141.33 and
136.68 g) for two years. Addition of FYM along with
NPK resulted in poor root weight (128.00 and 114.33
g) during both the cropping seasons. However, control
treatment, where no fertilizers (chemical + organic)
were mixed into the soil showed lowest root weight
per plant (47.33 and 38.33 g), respectively for two
consecutive years. The results of this study showed
that the combined use of organic and mineral fertilizers
substantially increased the root weight of carrot, which
might be attributed to the well solubilization of plant
food, contributing to the increased nutrient uptake.
These results suggested that combination of organic
manures and mineral fertilizers with appropriate ratios
can significantly increase the root weight
(Vijayaprabhakar et al., 2020).
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Perusal of data presented in Table 2 indicated that
biomass of carrot plants was significantly affected by
integrated use of NPK and organic manures, during
both the years. Amongst different treatments,
significantly higher biomass per plant (169.33 and
166.67g) was recorded in plants amended with NPK
+ PM than other treatments during two years of
cropping. It was followed by the combined use of NPK
with GM (166.00 and 160.00 g) and SS (153.0 and
152.33 g). The lowest biomass weight (56.33 and
46.00g) was recorded in control treatment. The results
revealed that the effectiveness of NPK supplied with
PM and GM was remarkable, suggesting that these
organic sources provided more nutrients to plants.
These results are in the agreement with previously
report literature (Singh et al., 2020).

Considerable variations existed in carrot root yield
due to combined application of inorganic and
organic fertilizers, for two years study (Table 2).
Application of NPK + PM recorded significantly
higher root yield (56.83 and 56.67 t/ha) than all the
treatments in both the years. It was followed by
NPK + GM (55.15 and 51.75 t/ha) and NPK + SS
(54.3 and 48.83 t/ha). Among integrated treatments,
NPK + FYM produced statistically lowest yield
(51.04 and 47.73 t/ ha), respectively during both
the experimental years. Combination of organic
and inorganic treatments recorded the higher yield
to the tune of 170-200 and 198-269 per cent than
the control treatment during both the years. The
study exposed that amongst various combinations,
NPK + PM surpassed rest of the treatments in
enhancing root yield. The NPK incorporation with
manures significantly increased the root yield,
which might be attributed to the plant nutrient
solubilization leading to increased macro and
micronutrients uptake. The advantage of the use of
mixture of organic and mineral fertilizers is it
increase the efficiency of the fertilizers, minimized
the nutrient loss and enhanced the yield of carrot
(Vijayaprabhakar et al., 2020).

CONCLUSION

It is concluded that collective application of NPK
and organic manures has significantly improved
vegetative growth and yield of carrot, as compared
to control. Integration of NPK and poultry manure
(both at recommended levels) has out yielded all
other combinations and control in almost all
parameters. Hence, for getting more root yield of
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carrot, poultry manure must be incorporated into
the soil in addition to NPK. Moreover, use of goat
manure along with NPK is also a viable
combination for getting higher root yield of carrot.
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ABSTRACT

The study was undertaken for two consecutive years (2017 and 2018) to evaluate the effect
of different growth media on various growing parameters and incidence of insect pest on
brinjal and chilli seedlings. Seedlings were grown in protray using six types of growing media.
The highest germination percentage (71.11), plant height (11.05 cm), number of leaves (5.81)
and percentage healthy seedlings (89.82) were observed with vermiculite + perlite + vermi-
compost (1:1:2) during both the years in brinjal. Similarly in chilli, highest germination
percentage (66.33), plant height (9.81 cm), number of leaves (5.62) and percentage healthy
seedlings (87.61) were observed with vermiculite + perlite + vermi-compost (1:1:2). There
was significantly low incidence of whitefly in brinjal (1.49 whitefly/leaf) and chilli (1.65 whitefly/
leaf) seedling grown in media with vermiculite + perlite + vermi-compost (1:1:2). Hence,
vermiculite + perlite + vermi-compost (1:1:2) was found as optimum growth media for growing
of chilli and brinjal seedlings. The findings of this study recommend the use of vermiculite +
perlite + vermi-compost (1:1:2) as growth media for raising nursery by farmers as it had
significant positively effect on plant growth parameters of seedlings that lead to increase

production of chilli and brinjal.

Keywords: Brinjal, chilli, germination percentage, growth media and growth parameters

INTRODUCTION

Brinjal (Solanum melongena L.) and chilli (Capsicum
annum L.) are the principal crops of Solanaceae
family grown in sub-tropics and tropics. Both are
popular vegetable crops of Punjab, India. In India area
under brinjal and chilli cultivation is estimated at
758.0and 399 .0 thousand hectares with total
production of 13154 & 4393 metric tonnes, (NHB,
2021) In Punjab, brinjal occupies 5.47-thousand-
hectare area with production of 139.79 thousand
tonnes and average yield of 225.72 q ha! during 2018-
19. Similarly, chilli is grown over an area of 8.78
thousand hectare with production of 17.63 thousand
tonnes and average yield of 20.09 q ha™! during 2020-
21 (Anonymous 2021). Both vegetables are first
grown in nursery and thereafter transplanted in the
fields. Therefore, growing of healthy nursery is
prerequisite for a productive crop stand that depends
on the growth medium in which these nursery plants
are grown and which cause a serious challenge to
brinjal and chilli growers.

Germination of the seed is pre-requisite for raising
good nursery. All soils used as a growing media are
not always perfect for the germination of seeds and
subsequent growth of seedling. Growth medium used
for potted plants plays an important role on various
growth parameters like plant height, number of leaves,
spike length, number of florets per spike, spike
diameter and yield, etc. by providing proper nutrient
supply, moisture and adequate aeration besides
physical support to the growing plant (Bhardwaj et
al., 2019). Growing media used for nursery production
of brinjal and chilli contain a variety of organic and
inorganic ingredients. Organic ingredients include peat
moss, bark, coconut coir, rice hulls, efc. Inorganic
components include perlite, pumice, vermiculite, sand,
hydrogel, efc. Soils are generally unsatisfactory for
producing plants in containers because of improper
aeration, drainage and poor water holding capacity
(Najar et al., 2015). The selection of growing media
by farmers mainly depends on cost, their availability
and plant requirements. Substrates used commonly in
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nursery raising are peat, cocopeat, perlite, vermiculite,
hydrogel, rockwool (Gruda et al., 2016; Savvas and
Gruda, 2018).Growing media is not only a place
where seeds are sown and seedlings raised, but also a
source and reservoir of plant nutrients (Dahanayake
et al., 2012).

A good growing media should be composed of
mixtures that are tender enough for seeds to easily
germinate, retain moisture, drain excess water and
provide sufficient plant nutrients for seedling growth
(Choudhary and Deena, 2020). Brinjal and chilli are
attacked by various insect-pests, causing significant
losses to brinjal and chilli farmers resulting in low
productivity .These crops are attacked by number of
insect pests right from nursery stage till harvesting
(Salve et al., 2020). According to Kumar et al., (2019)
jassid (Amrasca biguttula biguttula) and whitefly
(Bemisia tabaci) were recorded as major pests in
nursery crop of brinjal. The damage of 15-20% caused
by jassid and whitefly on brinjal had also reported by
(Gangwar et al., 2014; Singh, 2015; Borah et al.,
2017). Subhashree ef al., (2018) reported aphid (4phis
gossypii) and whitefly (Bemesia tabaci) as major pests
of nursery crop of chilli. There is also need to study
the incidence of these insect pest on nursery plants of
brinjal and chilli grown in different growing media.
The present study was carried out to explore the most
suitable growing media of sowing for raising chilli and
brinjal seedlings in nursery .

MATERIALS AND METHODS

The present study was conducted to investigate the
effect of different growing media on brinjal and chilli
seedlings under shade net house during the years 2017
and 2018 at Dr. D R Bhumbla Regional Research
Station, Ballowal Saunkhri, District SBS Nagar,
Punjab. The experiment was conducted in CRBD with
six treatments with four replications. Six growing
media M| [Vermiculite + Perlite + Vermi-compost
(1:1:2); M, :Vermiculite + Perlite + Cocopeat (1:1:2)
; M, Sand + Soil + Farm yard manure (1:1:2); M, :
Farm yard manure + Vermi-compost (1:1); My :Farm
yard manure and M, :Vermi-compost were used.

Brinjal seeds of PBH-3, were sown one in each plug/
cell into 98 cells of trays filled with the different
growth media. Similarly, chilli seeds of variety Punjab
Sindhuri were also sown as described for brinjal.
Thereafter, growth and development parameters were
measured using twenty-five (25) randomly tagged
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seedlings from each replication throughout the study.
After 5 days of sowing, the number of normal
seedlings germinated were counted and expressed in
percentage. At the 30 DAS (days after sowing), the
length of seedling was measured and the average
length was calculated and expressed in centimeter. The
seedling girth was measured using vernier caliper and
mean girth was expressed in centimeter. The total
number of leaves in the plants were counted and
recorded. After 30 DAS the number of healthy
seedlings were counted and expressed in percentage.

Three leaves from upper, middle and lower canopies
of five seedlings selected randomly were collected and
observed with the help of magnifying glass (10x) for
the presence of insect pest. Mean population of the
insects was expressed as number of insect/leaf/plant
in each replication. All analyses of data sets were
performed using the statistical analysis (Gomez and
Gomez, 1984). Data on various growth parameters
and insect pest was recorded.

RESULTS AND DISCUSSION

Germination: The germination percentage of both
brinjal and chilli seeds were significantly affected
by the growth medium (Table 1 and 2). The
significantly higher germination percentage for
brinjal was found to be 71.11% with Vermiculite
+ Perlite + Vermi-compost (1:1:2), while lowest
germination (60 %) was recorded in Vermiculite +
Perlite + Cocopeat (1:1:2).Other growth media
germination percentage varied from 61-66%.
Similarly for chilli, significantly higher germination
was found to be 66.33% with Vermiculite + Perlite
+ Vermi-compost (1:1:2), while lowest germination
(40.20 %) was recorded in Vermiculite + Perlite +
Cocopeat (1:1:2) (Table 2). Low germination in
Vermiculite + Perlite + Cocopeat (1:1:2) may be
due to low water retention capacity and low nutrient
availability (Meena et al., 2017). Growing media
greatly influences seed germination, seedling
emergence and growth of seedlings in a nursery
because these media serve reservoir of moisture and
plant nutrients. These results are in line with
Mahala and Sharma (2020) who reported that
media containing Vermiculite + Perlite + Vermi-
compost (1:1:2) resulted in highest germination
(62.40%) while lowest germination (43.24 %) was
observed in media containing Vermiculite + Perlite
+ Cocopeat (1:1:2) in tomato seedlings.
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Seedling height: The seedling height was also
influenced by different treatments in both brinjal and
chilli. Growing media (Vermiculite + Perlite + Vermi-
compost (1:1:2) had recorded the significantly higher
values for seedling length (11.05 cm) than other
treatments. The lowest seedling height (7.41 cm) was
recorded with Vermiculite + Perlite + Cocopeat (1:1:2)
(Table 1) with 30 days old seedlings. Data on effect
of media on chilli seedling height depicted that
significantly higher values (9.80 cm) was observed
with Vermiculite + Perlite + Vermi-compost (1:1:2),
while chilli seedling raised with Vermiculite + Perlite
+ Cocopeat (1:1:2) media showed lowest plant height
(7.01cm). These results were in conformation with
Mahala and Sharma (2020) who also reported media
containing Vermiculite + Perlite + Vermi-compost
(1:1:2) resulted in highest plant height (11.82 cm) in
tomato seedling.

Seedling girth : The significantly higher seedling girth
(0.17 cm and 0.15) was recorded with M, i.e_
Vermiculite + Perlite + Vermi-compost (1:1:2) in
brinjal and chilli, respectively, while the lowest values
were recorded in M, in both the crops.

Number of leaves/seedlings: The number of leaves
per seedling was also influenced by different media
treatments in both brinjal and chilli. The number of
leaves per seedling (5.81) was significantly higher in
30 days old seedlings grown in the Vermiculite +
Perlite + Vermi-compost (1:1:2) and the lowest number
of leaves (3.62) was found in Vermiculite + Perlite +
Cocopeat (1:1:2) during pooled analysis in brinjal
seedlings. For chilli seedlings, significantly higher
number of leaves (5.62) was observed when chilli
seedlings were raised with Vermiculite + Perlite +

Vermi-compost (1:1:2) and lowest number of leaves
(3.63) was observed when Vermiculite + Perlite +
Cocopeat (1:1:2) was used as media for raising chilli
nursery (Table 2). The possible reason was nutritional
contribution of the media that produced maximum
number of leaves.

Healthy seedling: The per cent healthy seedling was
one of the prime growth parameters that was
significantly variable among different growth media
(Table 1). Per cent healthy seedling was highest in
brinjal and chilli i.e. 89.82 and 87.61, respectively in
media containing Vermiculite + Perlite + Vermi-
compost (1:1:2), whereas the lowest percentage of
healthy seedlings was 60.43 and 51.58 in brinjal and
chilli, respectively grown in Vermiculite + Perlite +
Cocopeat (1:1:2). This might be due to the variation
of available nutrients in the selected growth media.
Mahala and Sharma (2020) also reported that media
containing Vermiculite + Perlite + Vermi-compost
(1:1:2) resulted in maximum per cent healthy (83.39
%) seedling in tomato which is in line with our studies.

Insect pest incidence: Brinjal and chilli seedlings
grown on different media were critically analyzed for
the incidence of any insect pest (Table 3). There was
significant difference in incidence of jassid (0.68-1.23
jassid/leaf) and whitefly (.49-3.20 whitefly/leaf) when
brinjal seeds are raised in different growth media.
Lowest incidence of whitefly (1.49 whitefly/leaf) and
jassid (06.8 jassid /leaf) was recorded in Vermiculite
+ Perlite + Vermi-compost (1:1:2). Similarly in chilli
seedlings there was significant difference in whitefly
and aphid incidence among the treatments (Table 3).
There was significant low incidence of whitefly (1.65
whitefly/leaf) and aphid (0.28 jassid/leaf) in
Vermiculite + Perlite + Vermi-compost (1:1:2). Thus,

Table 1 : Effect of different growing media on biometric parameters of brinjal seedlings under shade

net house condition (Pooled data)

Treatment Germination Plant height Seedling girth Number ?f Percentage f’f
(%) (cm) (cm) leaves/seedlings | healthy seedling
M, 71.11 11.05 0.17 5.81 89.82
M, 60.06 7.41 0.11 3.62 60.43
M, 66.92 9.77 0.14 5.11 83.42
M, 64.70 9.33 0.14 4.09 78.01
M 61.75 8.02 0.10 5.05 65.22
M, 63.43 9.67 0.11 4.01 70.87
CD (5%) 1.576 1.024 0.016 0.093 1.568
J. Hortl. Sci. 349
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Table 2 : Effect of different growing media biometric parameters of chilli seedlings under shade net

house (Pooled data)

Treatment Germination Plant height Seedling girth Number ?f Percentage f’f
(%) (cm) (cm) leaves/seedlings | healthy seedling
M, 66.33 9.80 0.15 5.62 87.61
M, 40.20 7.01 0.12 3.63 51.58
M, 63.58 8.41 0.12 5.01 81.87
M, 60.01 8.18 0.13 4.84 76.41
M 50.84 7.65 0.10 4.11 63.99
M, 58.35 7.87 0.10 4.81 69.57
CD (5%) 0.816 0.219 0.017 0.276 0.975

Table 3 : Effect of different growing media on insect pest incidence of brinjal and chilli seedlings

under shade net house (Pooled data)

Insect pest incidence
Brinjal Chilli

Treatment

Mean No. of Mean No. of Mean No. of Mean No. of

whitefly/leaf jassid/leaf whitefly/leaf aphids/leaf
M, 1.49 (1.58) 0.68 (1.30) 1.65 (1.63) 0.28 (1.13)
M, 3.20 (2.05) 1.18 (1.48) 3.22 (2.05) 0.95 (1.40)
M, 1.73 (1.65) 0.72 (1.31) 1.57 (1.60) 0.43 (1.20)
M, 1.87 (1.69) 0.77 (1.33) 1.68 (1.64) 0.48 (1.22)
M 3.25(2.06) 1.23 (1.49) 3.07 (2.02) 1.03 (1.43)
M, 1.65(1.63) 0.67 (1.29) 1.68 (1.64) 0.38 (1.18)
CD (5%) 0.08 0.09 0.09 0.10

*Value in parenthesis is square root transformation

it can be concluded that significant difference in
incidence of insect pest occurs on these seedlings that
may be attributed to different growth factors. These
findings are in agreement with Islam ez al. (2017), who
reported that infestation behaviour of the whiteflies
could be affected by the quantity of plant released
volatile organic compounds that depends on
availability of nitrogen content in the plant. Above
results are also in agreement with studies conducted
by Mahala and Sharma (2020) who reported that there
was effect of growing media on the insect pest
incidence in tomato seedling.

The results of present studies showed growing media
had a pronounced effect on plant growth parameters
like germination per cent, plant height, number of
leaves, percentage of healthy seedlings, insect pest
incidence on brinjal and chilli seedlings. The overall

evaluation indicated that the growing media containing
Vermiculite + Perlite + Vermi-compost (1:1:2) proved
the best growing media in both brinjal and chilli
nursery plants. This result was parallel to the finding
of Nissi (2018) who stated that vermiculite and perlite
improve water holding capacity, permeability and
airflow in the media thus improving germination,
development and rooting system of plants.
Combination of vermicompost, vermiculite and perlite
showed a significant positive effect on germination,
seedling growth owing to improving physical condition
of the media and providing increasing nutritional
availability. These results are akin to the findings of
Meena et al., 2017, where soil + vermicompost +
vermiculite (1:1:1) provided highest performance of
seedling growth of papaya. The vermicompost
increased leaf area and biomass in various plants have
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been reported by Yadav et al., (2012), which agree
with findings of current study. Results of these studies
are in line with Kumar et al. (2019) which depicted
jassid and whitefly as the major sucking pests of
brinjal both in nursery and field crop. Similarly these
results are also in accordance with Saini ef al. (2017),
where chilli crop was attacked by whitefly and aphid
in nursery leading to 10-15% incidence by these
sucking pests.

CONCLUSION

Considering the above-mentioned results, it may be
concluded that planting seeds of brinjal and chilli in
growing media containing Vermiculite + Perlite +
Vermi-compost in the ratio 1:1:2 resulted in maximum
germination of healthy seedling, enhanced growth of
subsequent seedling and lowest incidence of insect
pest. The findings of this study recommend use of
Vermiculite + Perlite + Vermi-compost (1:1:2) as
growth media for raising chilli and brinjal nursery by
farmers as it has significant positively effect on plant
growth parameters.
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ABSTRACT

The investigation was executed with nine treatments viz. nano forms of ferrous sulfide (7, 14,
21, 28 ppm) and macro ferrous sulphate (0.2, 0.4, 0.6, 0.8 per cent) along with control, and
were applied as foliar sprays after 30 days of transplanting on two varieties of calendula
namely Fiesta Gitana Mix’ and ‘Fiesta Yellow’ during 2018 and 2019. The experiment was
laid out in factorial randomized block design with three replications. Application of 0.8 %
FeSO, recorded maximum number of branches (26.75), plant height (29.73 cm), plant spread
(45.17 cm), number of leaves (22.63) and seed test weight (15.63 g) and number of flowers
per plant (134.04). However, application of 0.2% macro FeSO, resulted in early bud
appearance (50.50 days) and higher flower diameter (8.09 cm). ‘Fiesta Gitana Mix’
outperformed over ‘Fiesta Yellow’ for most of the vegetative and floral characters. The ‘Fiesta
Yellow’ variety with oil content (13.97%) had an edge over ‘Fiesta Gitana Mix’.

Keywords: Calendula, Ferrous sulphate, Flowering, Nano iron, Oil content and Seed yield.

INTRODUCTION

Calendula officinalis is a member of the family
Asteraceae. It is cultivated in Eastern Europe, West
Asia, Germany and USA. It is also known as pot
marigold, calendula, ringer blume, souci des jardins
in different countries (Sahingil, 2019). It is an
economic plant for its beautiful flowers, herbal and
cosmetic products. It is also used traditionally as
culinary and medicinal herb. The petals are edible and
can be used afresh in salads or dried and used in
coloring cheese or as a replacement for saffron. The
petals color varies from yellow to orange and has an
aromatic scent (Saffari and Saffari, 2020). A yellow
dye has been extracted from the flowers. Skin products
from calendula are used to treat minor cuts, burns and
skin irritations and other ailments. These various uses
are attributed by constituents such as flavanol
glycosides, triterpene oligoglycosides, saponins and
sesquiterpene glucoside. Flower heads are sources of
carotenoids which help for improved vision, normal
growth and development and flavanoids which possess
anti-viral and anti-cancer properties (Khalid and
Teixeira da Silva, 2010). An increasing interest in
calendula cultivation has been witnessed in recent

years as an oil-bearing plant whose seeds were
reported to contain unique poly unsaturated fatty acids
which have the potential to be used in paint, coatings
and pharmaceutical industries (Krol and Paszko,
2017).

Nano-fertilizers are currently a novel technology that
allows for much more absorption by miniaturization
of the particle size in nano scales. High absorbability
and consumption both through the soil and the leaves
are the characteristics of these types of fertilizers. The
slow-releasing property of nano-fertilizers has a major
contribution to their optimal use (Alamdari et al.,
2021). This enables nano-particles (NPs) to boost the
plant’s metabolism. Application of nano-fertilizers
promoted growth, development, antioxidant activity,
stress tolerance and total phenol content (TPC) in
many crops with lesser concentration.

Iron NPs due to their nano size as well as magnetic
characteristics are considered as special nano-
fertilizers. The bio-compatibility as well as interaction
between plants and the Fe nano-particles had led to a
great deal of attentions. The Fe nano-particles effect
plants in two ways, lower concentrations of FeNPs had
positive effects on the growth and physiology of crop

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



plants, whereas, high concentrations had toxic effects
on plants. Fe nano-particles were reported with
nutrient absorption promotion as well as
photosynthetic efficiency enhancement. The use of
nanotechnological inventions in calendula production
having potential as landscaping, ornamental as well
as medicinal plant can prove as beneficial research
environmentally, economically and aesthetically.
Therefore, the present investigation was planned to
assess the impact of different concentrations of nano
and macro forms of iron on growth, flowering, seed
yield and oil content in C. officinalis.

MATERIALS AND METHODS

The experimental site was situated in the Tarai
region of Uttarakhand, India at 29° N latitude and
79.3° E longitudes in the foot hills of the Himalaya
at an altitude of 243.84 m above mean sea level.
The soils of the experimental field were sandy loam
having pH 6.68, organic carbon (0.60%), available
N, P and K as 231.91, 18.34 and 135.97 Kgha™!,
respectively. Well rotten farmyard manure @ 5 kg/
m? was incorporated into soil at the time of bed
preparation. Calendula seeds of two varieties
namely “Fiesta Gitana Mix” and “Fiesta Yellow”
were sown in well prepared nursery beds. Upon
germination, 25-day-old seedlings were transplanted
in the experimental field at a spacing of 60 cm x
30 cm. The experiment was conducted in factorial
randomized block design with nine treatments
replicated thrice. Five plants per treatment per
replication were randomly selected for observations.

Nano and macro iron treatments

For nano-iron treatments, a stock solution of 28
ppm nano FeS was diluted with distilled water to
make four different concentrations (7, 14, 21 and
28 ppm). For ferrous sulphate solution, different
quantities (2, 4, 6 and 8g) of FeSO, salt were
dissolved separately in 1000 ml of slaked lime
to prepare solutions of required
concentrations. Nano-iron (iron sulfide) solutions
of 7, 14, 21 and 28 ppm and ferrous sulphate
solutions of 0.2, 0.4, 0.6 and 0.8 per cent
concentrations were sprayed 30 days after
transplanting. All other cultural conditions such as
hoeing, weeding, irrigation, etc were kept uniform
for all the treatments.

water
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Oil extraction from seeds

The oil from seeds of calendula was extracted using
solvent extraction method. Soxhlet apparatus was used
for extraction using hexane as a solvent. The pooled
data for both the years 2018 and 2019 were
statistically analyzed using the software ‘OPSTAT(8).

RESULTS AND DISCUSSION

Data presented in Table 1 indicated that vegetative
traits such as number of branches, plant height, plant
spread and number of leaves significantly affected by
treatments, varieties and their interaction.

Irrespective of the varieties, spray of FeSO, recorded
significantly more number of branches (26.75) in T,
than rest of the treatments, however, it was recorded
minimum (14.50) in control (T,). The variety Fiesta
Yellow had maximum number of branches (20.07)
over variety Fiesta Gitana Mix (18.45). Among the
interaction, a greater number of branches (29.58) were
recorded in V| T, followed by V, T, (25.17) which were
statistically at par with other treatments. However,
number of branches was recorded minimum (12.00)
in variety Fiesta Gitana Mix sprayed with 21 ppm
nano FeS (V,T,). Torabian et al. (2018) reported that
increased growth in sunflower grown under saline
condition by application of FeSO, both in normal and
nano form which is due to increased leaf area, net CO,
assimilation, sub-stomatal CO, concentration,
chlorophyll content, etc. Likewise, Yuan et al. (2018)
also reported that iron NPs promoted plant growth of
Capsicum annum by increasing chloroplast numbers
and grana stacking. In the present investigation, the
lesser number of branches in nanoparticle treated
plants against macro iron treatment might be due to
their insufficient quantity as compared to macro forms.

Irrespective of varieties, the maximum plant height
was recorded in T, (29.73 cm) which was at par with
T, (29.42 cm) and T, (27.86 cm) but significantly
higher than the rest of the treatments. However,
minimum was recorded in T, (21.19 c¢m). The plant
height was significantly higher in variety Fiesta Gitana
Mix (26.18 cm) than variety Fiesta Yellow (23.63 cm).
Among the interaction, maximum plant height (31.96
cm) was recorded in V| T, combination followed by
VT, (30.84), and VT, (30.34) and it was minimum
(20.54 cm) in V,T,. Treatmnts T, (31.96 ¢cm) and T,
(28.00 cm) showed significant effect on plant height
over nano iron and control in varieties Fiesta Gitana
Mix and Fiesta Yellow, respectively. However, among
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nano iron treatments, T, (24.75cm) and T, (22.17 cm)
had maximum plant height in variety Fiesta Gitana
Mix (V) and Fiesta Yellow (V,), respectively. Both
NPs treatments were more effective than control but
less effective as compared to iron in normal form. The
effect of nano iron might be due to increased
chlorophyll content which increased photosynthesis, in
turn, growth of plants (Ghafari and Razmjoo, 2015).
Askary et al. (2017) reported increased growth,
photosynthetic pigments and total protein contents in
peppermint with application of FeO, (30uM NPs).
Yuan et al. (2018) observed low concentration of iron
NPs promoted plant growth due to increased
chloroplast, number of grana stacking and regulation
of vascular bundles. Increase in plant height in Cress
was observed by Salarpour et al. (2013) upon
applying 5g nano iron chelate + foliar spray of iron.
Enhanced plant height due foliar spray of iron NPs
has been reported (Elfeky et al., 2013).

Irrespective of the varieties, maximum plant spread
(45.17cm) was recorded in T, which was statistically
at par with T, (44.27cm), T (43.21cm) and T,
(42.98cm) but significantly higher than rest of the
treatments. However, minimum plant spread (39.19
cm) was recorded in both, T, and T,. Maximum
spread of plants (41.89 cm) was recorded in variety
Fiesta Gitana Mix and minimum in variety Fiesta
Yellow (41.71cm). Among the interaction plants’
spread was maximum (45.38 cm) in V| T, followed by
V,T,(44.96 cm), VT, (44.75cm) and V,T, (44.67
cm). However, least plant spread (37.00 cm) was
recorded in V,T,. Among nanoparticles treatments,
T, in variety Fiesta Gitana Mix and T -in variety
Fiesta Yellow showed higher plant spread over control.
Yuan et al. (2018) reported improved overall plant
growth in capsicum as a result of iron nanoparticles
application was due to enhanced chloroplast, grana
stacking as well as development of vascular bundles.
Pirzad and Shokrani (2012) reported improved plants
growth in calendula due to application of iron NPs
(1.5 1/ha). In the present investigation, positive
influence of NPs for plant spread over control might
be due to reduced nutrient loss as reported by Hu et
al. (2017) in Citrus maxima plants.

Irrespective of the varieties, maximum number of
leaves (22.92) was recorded in T, which was
statistically at par with T, (22.13) T, (21.67) and T,
(22.63) but significantly higher than rest of the
treatments. However, minimum number of leaves
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(18.04) was recorded in T,. The variety Fiesta Gitana
Mix recorded maximum number of leaves (22.21) than
variety Fiesta Yellow (18.48). Among the interaction,
more number of leaves (26.92) was recorded in V| T,
combination followed by V T, (26.83) and V T,
(25.42) whereas least number of leaves (17.25) was
recorded in V,T,. However, higher dose of
nanoparticle resulted in more number of leaves.
Praveen et al. (2018) reported improved growth of
mustard plants treated with NPs (Fe,O,) mainly due
to enhanced availability of iron.

Calendula plants when sprayed with different
treatments of iron showed significant response for days
to earlier bud appearance, days to bloom, flower
diameter and number of flowers per plant (Table 2).
The effect of treatments was significant, whereas,
varieties and treatments-varieties interactions on days
to early bud appearance were non-significant. Among
the treatments, irrespective of varieties, maximum days
to bud appearance (52.06 days) was recorded in
control (T,) which was statistically at par with by T,
(50.92 days) but significantly higher than rest of the
treatments. However, minimum number of days to bud
appearance (48.63 days) was recorded in T,. Tayade
et al. (2018) reported early initiation of spike in
tuberose with 0.4% FeSO,.

The days to bloom was significantly influenced by
varieties, however, treatment and variety-treatment
interaction was non-significant. Significantly more
days to bloom (65.00 days) was recorded in variety
Fiesta Gitana Mix than variety Fiesta Yellow (64.59
days). Tayade et al. (2018) reported early opening of
first floret in tuberose with 0.4% FeSO,. Goshwami
et al. (2021) reported that application of 10 ppm of
Gold-nanoparticle was found best for number of
flowers, flower diameter , flower weight , minimum
days to flower bud initiation and flowering duration.

Irrespective of varieties, maximum diameter of flower
(8.09 cm) was recorded in T, which statistically par
with T, (7.92 c¢m) but significantly higher than rest
of the treatments, whereas, minimum diameter of
flower (7.43 cm) was recorded in T,. Barring the
treatments, significantly higher flower diameter (7.94
cm) was recorded in variety Fiesta Gitana Mix than
variety Fiesta Yellow (7.52 cm). Among interaction
maximum diameter of flower (8.33 cm) was recorded
for treatment V| T, andV T, and were statistically at
par with VT, (8.28 ¢cm) V T, (8.11 c¢m) but
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Effect of nano and macro iron sprays on calendula

significantly higher than rest of the interactions.
Pirzad and Shokrani (2012) reported that iron NPs @
1.5 I/ha increased capitulate diameter and in calendula
with 0.4% of FeSO, (Tayade et al., 2018).

A perusal of data presented in Table 2 indicated the
significant effect of treatments and non-significant
effect of varieties as well as treatment-variety
interaction on number of flowers. Irrespective of
varieties, maximum number of flowers (134.04) was
recorded in T, which was significantly higher than rest
of the treatments, whereas, minimum number of flower
(91.11) recorded in T,. Enhancement in number of
flowers might have attributed by increased leaf
chlorophyll content, increased enzymatic activity in
leaves, etc. as influenced by iron NPs in Durum wheat
(Ghafari and Razmjoo, 2015) and in saffron plants
(Farahani et al., 2015).

The treatments, varieties and their interaction had
significantly influenced the average flower weight,
duration of flowering, flower yield per plant and
flower yield (Table 3). Irrespective of varieties,
average flower weight was recorded maximum (3.89
g) in T, which was statistically at par with T, (3.68
g), T, (3.64 ), T,(3.63 g) T,(3.60 g) and T, (3.39
g) but significantly higher than control (T,). However,
it was recorded minimum (2.76 g) in T,. The variety
Fiesta Gitana Mix had significantly higher average
flower weight (3.94 g) than variety Fiesta Yellow (2.97
g). Among interaction, maximum individual flower
weight (4.70 g) was recorded in VT, which was at
par with VT (4.52 g), V,T,(4.27 g) and V T, (4.10
g), whereas it was recorded minimum (2.37 g) in V., T,.
Bakhtiari ef al. (2015) reported enhanced spike weight
of wheat due to application of nano iron oxide
(0.04%). Higher concentration of NPs (1000ppm)
enhanced plant growth in Hydrangea paniculata
(Karunakaran et al., 2017).

Non-significant effect of treatments, treatment-variety
interaction but significant effect of varieties on
duration of flowering was observed. The variety Fiesta
Yellow had significantly higher duration of flowering
(62.51 days) than variety Fiesta Gitana Mix (60.59
days).

Irrespective of varieties, maximum flower yield per
plant (424g) was recorded in T, which was at par with
all the treatments but significantly higher than control
whereas minimum flower yield per plant (301.94 g)
was recorded in control (T,). Barring treatments,
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variety Fiesta Gitana Mix (V) had significantly higher
flower yield per plant (428.03 g) over variety Fiesta
Yellow (V,) (338.17 g). Maximum flower yield per
plant among interactions (498.45 g) was recorded in
VT, which was statistically at par with V| T, (486.54
g) VT, (485.23 g) V T, (455.07 g) but significantly
higher than remaining treatments and control in both
the varieties. However, the minimum flower yield per
plant (272.95 g) was recorded in V,T,. These
significant results might be due to reduced nutrient loss
and strong adsorption ability as reported by Hu et al.
(2017) and increased ability of plants to overcome
stressed conditions (Elfeky et al., 2013).

Irrespective of varieties, estimated flower yield was
recorded highest in T, (23.56 t/ha) which was at par
with all the treatments except control (T,) and T,
(19.34 t/ha) with control (T,) being recorded for least
flower yield (16.77 t/ha). The variety Fiesta Gitana
Mix had significantly higher estimated flower yield
(23.78 t/ha) than variety Fiesta Yellow (18.79 t/ha).
Among interaction estimated flower yield was recorded
maximum (27.69 t/ha) in V| T, which was statistically
at par with V T, (27.03 t/ha), V T, (26.96 t/ha) and
VT, (25.28 t/ha) but significantly higher than rest of
the treatments. However, it was found minimum
(15.16 t/ha) in V,T,.This might be due to increased
nutrients uptake and enhanced enzymatic activities in
peppermint (Askary et al., 2017) and increase in
biomass production with iron application (Torabian et
al.,2018), where, foliar application of FeSO, in nano
and normal form increased leaf area, shoot dry weight,
net carbon dioxide (CO,) assimilation rate, sub-
stomatal CO, concentration, chlorophyll content, iron
(Fe) content and decreased sodium (Na) content in
leaves of sunflower.

The data on test weight of seeds showed significant
effect of treatments, varieties and their interactions
(Table 4). Irrespective of varieties, test weight of seeds
was recorded highest in T, (15.63 g) which was
statistically at par with treatments T, (15.25 g), T,
(15.22 g) and T, (14.90 g) but significantly higher than
rest of the treatments. However, it recorded minimum
in control (T,) (12.84 g). Barring treatments, variety
Fiesta Gitana Mix (V) had significantly higher test
weight of seeds (14.65 g) than variety Fiesta Yellow
(V,) (14.11 g). Among interaction, maximum test
weight of seeds (16.10 g) was recorded in V| T, which
was at par with V| T, (16.10 g), VT, (15.72 g), V,T,
(15.69 g), V,T, (15.67 g) but significantly higher than



TS0 SN vEE0 $96°0 LxA
69€°0 1S0°T 9€T°0 789°0 (L) syuouyeary
ZAN) 96%°0 I11°0 TTE0 (A) Korrep
wHs (%) "ad wHs (%) "ad 1010,
- L6 'ET 18°CI - 184! SoYI UBIN
ov'€T LTET €s€l €951 0T'S1 L091 (0824 %8°0)°L
STl 16°€T 6£°T1 19°%1 el 0191 (0824 %9°0)°L
3 88°€1 8TH1 6r€l 44! 6961 LY (0s°d %t0) ‘L
m A $8°Tl €02l STS1 8LY1 LSt (08°d %T0)’L
.m 98'p1 €0°ST 69v1 06'+1 L9°ST 4R 4| (Segoueu wdd g7)°L
€6°€1 vh Sl €rTl LTI ST'El 0%'ST (Sod oueu wdd 17) "L
SEEI vEvI LETT 69°€T €6'¢l SYEl (Sod oueu wdd {7) L
0T€l vLEl LTI 10°€T 8Tl 0T'€l (Sod oueu wdd £)°L
0€°Cl ¥8°Cl SL'TI v8°Cl 79Tl v0°El (fonuo)) 'L
uBIA ‘A 'A uBIA ‘A 'A
(24) SPa9ds uI JuNUOI [10 (3) spaas Jo y31om 3S9], JUSUESL

(A) moqax eysarg, pue (‘A) XIA euEIID) €IS,
SONJILIBA R[NPUI[ED UI JUIIUOD [I0 PUB P[IIA PIIS UO UOII JO SULIOJ 0IIBW PUE OUBU JO SUONELIIUIIUOD JUIIJIP JO 3T : + dqelL

2wy,

¢
O '
PRoyorion oF ¥

&

&
<
soc®

360

Vol. 17(2) : 353-362, 2022

J. Hortl. Sci.



Effect of nano and macro iron sprays on calendula

rest of the treatments combinations and was minimum
(12.64) in control. Increased test weight of seeds was
observed with increasing concentration of nano iron
particles. It may be opined that enhanced test weight
of seeds may be attributed by more accumulation of
iron in seeds (Rawat, 2017). Ghafari and Razmjoo
(2015) reported increased 1,000 grain-weight due to
application of nano iron in wheat. The increased oil
content due to nano iron application in calendula
(Amuamuha et al., 2012) and in chamomile (Elfeky
et al., 2013) observed earlier.

CONCLUSION

The oil content of seeds was significantly affected by
variety and treatment but non-significantly affected by
variety-treatment interaction. Irrespective of varieties,
oil content of seeds was recorded highest in T
(14.86%) and it was at par with T ,(13.93%) and T,
(13.88%) but significantly higher than rest of the
treatments. However, minimum oil content (12.30%)
was obtained in control (T,).The variety Fiesta Yellow
(V,) had significantly higher oil content of seeds
(13.97%) than variety Fiesta Gitana Mix (V)
(12.81%). It is apparent that higher seed oil content
of calendula was obtained from nano iron treatments
with lesser concentrations. The treatment of 21 ppm
nano FeS with variety Fiesta Yellow had performed
better for seed oil content and was significantly higher
than result obtained with normal or macro iron among
both varieties. Also, variety Fiesta Yellow had recorded
significant result though all other flowering attributes
were lesser than variety Fiesta Gitana Mix (V,) and
can be considered with perspective of seed oil of
calendula.
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Optimization of nitrogen application and planting geometry for production of

cut chrysanthemums (Chrysanthemum morifolium Ramat.)
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ABSTRACT

Nutrition and planting geometry are the two key factors affecting the production and quality
of cut stems in chrysanthemum. The present investigation was undertaken to standardize the
nitrogen nutrition and planting geometry for chrysanthemum var. “Yellow Star” cultivated
for cut flowers. The data revealed the proportionate increase in plant height, chlorophyll
content, days to bud appearance and days to 50% inflorescence anthesis and length of cut
stem with increase in nitrogen dose and row spacing. However, flower diameter, number of
flowers per stem, cut stem diameter, vase life, and water absorbed by cut flower decreased
proportionately with increase in nitrogen dose and row spacing. Application of N@100 Kg
ha! to chrysanthemum planted at 20x10 ¢cm spacing produced cut stems of acceptable length,
more number of flowers of bigger size and optimum postharvest longevity. The amount of
nitrogen can be reduced to 1/37 to grow cut chrysanthemums planted at twice the row spacing
for longer cut stems of appreciable vase life.

Keywords: Chrysanthemum, fertilization, nitrogen, planting geometry, Yellow Star

INTRODUCTION

Chrysanthemum (Chrysanthemum movrifolium
Ramat.), commonly known as ‘pot mums’ belonging
to the family ‘Asteraceae’ ranks third in world cut
flower trade and has retained first position in China
and Japan, being its primary centers of origin (Datta
and Janakiram 2015). In India, chrysanthemum is
cultivated in 28.32 thousand ha with an average
annual production of 537.56 thousand MT (loose
flowers) and 18.52 lakh (cut stems) (Anonymous
2022). The production of quality cut stems of
chrysanthemum depends on several cultural practices,
the most influential being the nitrogen (N) nutrition
and availability of optimum space for the plants to
manifest its vigorous vegetative and reproductive
growth stages.

Chrysanthemum, being a heavy feeder requires N
application in splits for the first seven weeks of its
vegetative growth, that is essential for adequate
accumulation of N in branches and leaves for
utilization at later stage during reproductive phase
(Crater, 1992). The analysis of mature leaf samples

revealed 4.6-6.0% N, which is considerably less then
accounted during the active growth period (Muniz et
al., 2009; Stern et al., 2008). Most of the ornamental
plants utilize either or both N-NH,“and N-NO,’
depending upon their stage of growth and development
(Bernstein et al., 2005). The quality of chrysanthemum
cut stems can be influenced by the N-NH,"/N-
NO, ratio that affect postharvest behaviour of cut
stems (Ramos et al., 2013). The availability of
optimum space for proper growth and development of
chrysanthemum is a key factor determining the quality
and productivity of cut stems. An ideal planting
geometry influence several factors such as the density
of plants per unit area, light interception within the
plant canopy, resource utilization, ease in performing
various cultural operations, optimum ground to
canopy ratio, suppression of weed growth and most
important being the productivity of the crop.Optimum
utilization of resources is the need of the hour to
safeguard and effectively utilize the available resources
for successful production of high value and low
volume floriculture crops, in particular
chrysanthemum.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



However, information regarding N-nutrition and
planting geometry in cultivation of cut chrysanthemum
needs to be determined under the subtropical climatic
conditions of India. The study is deemed as significant
for the small and marginal flower growers, to yield
maximum productivity of quality cut stems from
limited land-holdings. Therefore, the present need-
based investigation was undertaken to standardize the
N nutrition and optimum planting geometry for
cultivation of chrysanthemum var. “Yellow Star” for
cut stems under subtropical conditions of North India.

MATERIALS AND METHODS

The experimental was conducted at the Research Farm
(33°55" N latitude; 75°54' E latitude; 247m above msl
receiving 700 mm annual rainfall), Department of
Floriculture and Landscaping, Punjab Agricultural
University, Ludhiana, during the year 2018. The
relative humidity ranged between 63.0-76.0%. The
mean minimum evaporation during the period of crop
growth was recorded during November (2.1 mm) and
maximum during July (129.9 mm). The soil texture
was classified as sandy loam with pH 7.75, 7.79 and
7.82 recorded from 15 cm, 30 cm and 45 cm soil depth
respectively.

The chrysanthemum variety “Yellow Star” was
selected for the study as it is popular and commercially
cultivated by flower growers for yielding cut flowers
and for exhibition purpose. The flowers are yellow,
with compact decorative type of inflorescence. Healthy
disease free rooted cuttings of uniform height (3
inches) and age (25 days old) with well developed root
system were planted during first week of August.

The treatments for planting geometry were designed
at 3 spacing levels: S, (10x10 c¢m), S, (15x10 cm)
and S, (20x10 ¢m) accommodating 100, 66 and 50
plants per square meter area respectively The
treatments for N-doses comprised 4 differential
applications: N, control (0 kg N ha™'), N, reduced
fertilizer (100 Kg ha'), N, conventional fertilizer
(200 Kg ha'), N, excessive fertilizer (300 Kg ha-
D). The experiment comprised of 12 treatments
executed in factorial randomized block design
(FRBD), replicated thrice. The straight fertilizers
viz. Urea, Single Super Phosphate (SSP) and
Muriate of Potash (MOP) were taken as the sources
of N, P,O, and K, O, respectively. Entire dose of P
and K were applied each @ 200 Kg ha'! as basal
dose and graded levels of N were applied in two
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splits doses. Two splits doses one 30 days after
transplanting and other 45 days after transplanting.

Various growth characteristics such as plant height
(measured at 30, 60 and 90 days after transplanting),
leaf area and total chlorophyll content were recorded.
Total chlorophyll content of leaves was determined
using method purposed by Witham et al. (1971):

Total chlorophyll (mg/g) =
20.2 (Ay,;) + 8.02 (A,,,) Final volume of DMSO

063

1000 x weight of tissue

The floral characters such as days to flower bud
appearance, days to 50 % flowering, flower diameter,
number of flowers per stem, cut stem diameter and
length of the cut stem were recorded and the average
values were computed for data analysis. Data was
subjected to statistical analysis by SPSS v. 22 (IBM)
software.

RESULTS AND DISCUSSION
Plant height, leaf area and total chlorophyll content

The mean plant height recorded at 30, 60 and 90 DAP
with respect to differential application of N-levels
showed progressive increase with subsequent
application of N, compared to control (Table 1). The
mean plant height was recorded least in control,
however, the percent increment in plant height with
increasing N-levels was more pronounced in plants
during first 30 DAP. The highest percent increment
(40.6%) of plant growth during first 30 DAP can be
attributed due to ample availability of space and
sunlight for the plants to grow that were supplemented
with higher doses of N-levels. Nitrogen is considered
as an important factor for building plant biomass
through photosynthesis and subsequent translocation
of carbohydrates for vegetative growth (Evans and
Clarke, 2019).The subsequent percent increase in plant
height decreased relatively (29.1% and 22.4%) at 60
and 90 DAP respectively. The availability of space and
competition for air and sunlight tend to become a
limiting factor, resulting in decrease in plant growth
during later period (Woodson and Boodley 1983). The
N requirement of Chrysanthemum is highest during
first 7 weeks after transplanting (Fernandes ef al.,
2012), and N uptake thereafter tend to decrease (Yoon
et al., 2000). The further N requirement is pooled
mostly from the accumulated nitrate in stems and the
petioles (MacDonald et al., 2013). Conversely, the
mean plant height decreased progressively in the plants
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planted at narrower to wider spacing. However, the
percent decrease in plant height was more pronounced
at 30 DAP as compared to observations recorded at
later monthly quarters. The plants planted at narrow
spacing tend to compete for sunlight, as a consequence
began to outgrowin length and appear taller compared
to the plants planted at relatively wider spacing
(Lavhaji, 2007).

The total chlorophyll content measured from the
mature leaf tissue showed a significant 29.5%
increment at the highest N-level (N4) compared to
control. Similarly plants grown at wider spacing
recorded 13.0% increase in chlorophyll content
compared to plants grown at narrow spacing.
Nitrogen, is an essential element for synthesis of amino
acids and proteins, besides structurally important
component of chlorophyll, and is considered essential
for transportation of metabolites for synthesis of
chlorophyll (Tucker, 2004).

The leaf area per plant was significantly influenced
by the application of different N-levels and varying
plant spacing (Table 2). The maximum leaf area/plant
(1435.37 cm?) was recorded in plants supplemented
with N2 fertilizer treatment, and the minimum (992.67
cm?) leaf area was measured in control. Further,
planting distance also exhibited a significant effect on
leaf area per plant. The plants planted at S3 spacing
showed mean maximum leaf area (1266.80 cm?) while
the minimum leaf area (1172.69cm?) was observed in
plants planted at S1 spacing, irrespective of the N-
levels. However, the interaction between N-level and
spacing revealed non-significant differences for leaf
area.

Flowering characteristics

Chrysanthemum plants delayed by 2.3 days to bud
appearance with subsequent increase in N-levels
(Table 3). However, the mean days taken to bud
emergence at highest N-level was found insignificant
compared to control plants. Plants planted at twice the
row spacing showed 3.0 % delay in days to bud
appearance compared to plants that were planted at
narrower spacing. With the onset of short days, the
accumulated leaf N is remobilized to developing buds
to show color (Macz et al., 2007). It has been
proposed that N is not a decisive factor in initiation
and development of floral primordia, but may alter
(delay) the timing of its emergence (Withrow, 1945).
Nitrogen affect the reproductive development of
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photosensitive short day plants (SDPs) that initiate
buds with the onset of SDs, however, the split
applications of N may slightly prolong the vegetative
phase with the continuous synthesis and availability
of accumulated photosynthates in the plant tissues
which is utilized for flower bud growth and ultimately
initiation of flowering.

With subsequent increase in application of N-levels,
the mean number of days taken to 50% flowering were
found delayed by one week at highest N-level, but was
found insignificant compared to control (Table 3).
However, plants planted at narrower spacing showed
earliness in days to 50% flowering compared to plants
at wider spacing. The application of higher N-level
during early period of onset of SDs and cool nights
delayed flower bud initiation, and subsequent stages
of inflorescence anthesis indicating the potential affect
of exogenous N in timing of transition of vegetative
to reproductive phase rather than inhibiting the onset
of flowering. The plants planted at wider spacing also
exhibited delayed flowering due to less competition for
space, sunlight, water and nutrients in soil, that aid
in prolonging the vegetative phase and delayed
flowering (Nagaraja, 2013).

The flower diameter showed 19.1% decrement at
highest N-level, however, differed significantly with
the mean diameter of flower that was recorded least
in plants under control treatment. Chrysanthemum
plants planted at twice the row spacing showed 9.23%
increment in diameter of the flower compared to the
plants that were planted at narrower spacing. The
results present a contradictory observation to the
synergistic effect of increasing N-level on flower
diameter. The plants devoid of N dose (control)
measured least flower diameter which was in
accordance with the findings of Nell et al. (1989) and
Adams et al. (1970) who reported reduction in flower
diameter in chrysanthemum with lower N-levels.

The average number of flowers per stem recorded
a significant decrease (44.7%) in the plants
subjected to highest N-level. The control plots
showed least number of flowers per stem which
were found at par at highest N-level. However, the
plants planted at wider spacing showed a significant
30.0% increment in number of flowers per stem
compared to the plants planted at narrower spacing.
The higher N doses likely induce succulence in
plants with weak stems, causing reduction in flower
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number. The results are in accordance with
observations made by Vijayakumar et al. (1988),
recording greater number of China aster flowers at
lower (300 kg N ha') N doses.

The diameter of cut stem recorded 22.3% decrement
at higher N level, that differed significantly
compared to control measured with least diameter
of the cut stem (Table 4). Plants raised at wider
spacing showed 11.57% increase in cut stem
diameter, however, the increment was found non-
significant compared to the plants grown at
narrower spacing. The N application increased the
diameter of cut stems that tend to become heavily
lignified resulting in higher girth of stems (Withrow,
1945).

Post-harvest characteristics

The mean length of cut stem was measured least
in plants under control (no N application). The stem
length showed 7.58% increment in plants at highest
N-level and was found statistically significant
compared to stem lengths recorded in plants under
control treatment. However, the mean length of
stems showed a significant reduction (6.99%) in the
plants that were grown at wider spacing. The
higher N-levels resulted in more cell elongation and
differentiation of the vascular tissues that caused
increase in length of cut stems.

The cut stems harvested from plots applied with
N2-fertilizer dose reported mean 45.6% increase in
vase life compared to the control pot recording
mean minimum vase life (14.8 days) (Figl).
However, the cut stems taken from plants grown at
different spacing revealed improvement (15.5%) in
mean vase life (Fig 2). The higher N increased the
conductance that is a determining factor in
enhancing the longevity of the cut stems (Roude e?
al., 1991). Higher conductance resulted in
damaging of the root system thereby limiting the
water uptake. Adequate availability of N during
growth period maintains the level of carbohydrates
that determines the post harvest longevity of cut
stems (Driige, 2000). However, excess N is
detrimental for the post harvest longevity of cut
stems due to accumulation of excess salts and
production of endogenous ethylene (Roberts ef al.,
1984) that reduced the vase life of cut stems.

Total water absorbed by cut stem showed 34.6%
decrement with subsequent additions of N. The cut
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Fig. 1 : Response of N nutrition on vase life of cut stems
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Fig. 2 : Response of plant spacing on vase life of cut stems

*error bars represent standard error (SE+0.1)

stems harvested from plants devoid of N showed
least uptake of water, that was less (18.2%) than
the water absorbed by the cut stems at highest N
nutrition. The interaction effect of N and plant
spacing enhanced the water absorption, the highest
water absorption was recorded in cut stems
harvested from chrysanthemum plants raised at
wider spacing. The water absorbed by the cut stems
is proportionate to their longevity. However, as
stated above, the water uptake by cut stems
decreased due to build up of excess salts with
subsequent higher applications of N, supported
from the findings of Nell ef al. (1989); proposed
to terminate N fertilization in chrysanthemum 3
weeks prior to flowering to reduce the conductance
and increase the longevity of cut stems.
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CONCLUSION

It can be concluded that application of N@100 Kg
ha! to chrysanthemum plants planted at 20x10 ¢cm
spacing accommodating 50 plants per square meter
yielded best quality cut stems of acceptable length and
optimum post-harvest longevity. Thus, compared to the
conventional practice of N application (300 Kg ha'!)
adopted by farmers, the amount of N can be reduced
to 1/3™ to grow cut stems of chrysanthemums planted
at twice the row spacing for optimum growth and
flowering. The application of lower dose of N will
likely reduce the production cost and lessen the
environmental impact of leaching of N without
compromising on quality and yield of chrysanthemum
for commercial cultivation.

REFERENCES

Anonymous, 2017. Advanced estimation of area and
production of chrysanthemum in India.https:/
www.apeda.in/agriexchange/india%?20
production/India Productions. aspx? hscode
=102 accessed on 2 May 2020.

Adams, P., Graves, C.J. and Winsor, G.W.,
1970.Nutrition of year-round chrysanthemums
in peat and sand. Annual Report of Glasshouse
Crops Res. Inst., 1969, pp.90-93.

Bernstein, N., Ioffe, M., Bruner, M.,Nishri, Y., Luria,
G.,Dori, I.,Matan, E., Philosoph-Hadas, S.,
Umiel, N. and Hagiladi.A., 2005. Effects of
supplied N form and quality of Ranunculus
asiaticus flowers. Hort. Sci., 40: 1879-86.

Crater, D.A., 1992.Potted Chrysanthemums.In
Introduction to Floriculture; 2nd. Edition.;
Larson, R.A. (Ed.).; Academic Press: New
York, pp.249-287.

Datta, S. K. and Janakiram, T., 2015. Breeding and
genetic diversity in chrysanthemum morifolium
in India: A review. Indian J. Agric. Sci., 85(11):
1379-1395.

Driige, U. 2000. Influence of pre-harvest N supply on
post-harvest behaviour of ornamentals:
importance of carbohydrate status,
photosynthesis and plant hormones.
Gartenbauwissenschaft, 65(2): 53-4.

Eastwood, T. 1952. Forcing créole lilies at different
levels of soil nitrate. Pr. Am. Soc. Hortic. Sci.,
59: 531-41.

Evans, J.R., Clarke, V.C., 2019. The nitrogen cost of
photosynthesis, J. Exp. Bot., 70(1): 7-15,

Fernandes, E. P., Rezende, C. F. A., Leandro, W. M.,
Frazao, J. J. and Barbosa, J. M. 2012. The
accumulation of N, phosphorus and potassium
in cut chrysanthemum (Dendranthema
grandiflorum) cv. Jospithoven. Semin. Ciénc.
Agrdar., 33: 2939.

Lavhaji, K. G. 2007 Effect of N application and
spacing on growth and yield of seasonal
chrysanthemum (Chrysanthemum coronarium).
MSc. thesis. Mahatma Phule Krishi Vidyapeeth,
Ahmednagar, India.

MacDonald, W. N., Blom, T. J., Tsujita, M. J. and
Shelp, B.J., 2013. Review: Improving N use
efficiency of potted chrysanthemum:
Strategies and benefits. Can. J. Plant Sci.,
93(6): 1009-16

Macz, O., Paparozzi, E.T. and Stroup, W.W.
2007.The Effect of N and sulfur application on
pot chrysanthemum production and post-harvest
performance. I. Leaf N and sulfur
concentrations. J. Plant Nutr., (24): 111-29.

Muniz, M.A., Barbosa, J.G.,Grossi, J.A.S.,Orbes,
M.Y. and Sa, P.GG, 2009. Production and quality
of pot chrysanthemum ferti-irrigated with
different nitrate/ammonium relations.Bioscience
Journal, 25: 75-82.

Nagaraja, C. K., 2013. Effect of spacing and nutrition
on growth and yield of annual chrysanthemum
Chrysanthemum coronarium L. M.Sc. thesis,
University of Horticultural Sciences, Bagalkot,
India.

Nell, T.A., Barrett, J. E. and Leonard, R.T., 1989.
Fertilization termination influences postharvest
performance of pot chrysanthemum. Hort. Sci.,
24 (6): 996-98.

Roberts, J.A., Tucker, GA. and Maunders, M.]J.,
1984. Ethylene and foliar senescence. In: J.A.
Roberts and G.A. Tucker (Eds.), Ethylene and
Plant Development. Easter School in
Agricultural Science, Nottingham,
Butterworths, London, pp. 267-273.

Ramos, L., Andreas, B., Herrada, B.M.P., Arenas, T.
L. and Becker, S.J., 2013. Effects of N form
and application Rates on the growth of petunia

369

J. Hortl. Sci.
Vol. 17(2) : 363-370, 2022



and N Content in the substrate. Commun. Soil
Sci. Plant Anal., 44: 473-479, 2013.

Roude, N., Nell, T. A. and Barrett, E. J., 1991.
Longevity of potted chrysanthemums at various
N and potassium concentrations and NH,: NO,
ratios. Hortic. Sci., 26:163-65.

Sharma, N. and Bala, M., 2020. Effect of different
holding solutions on post-harvest keeping

quality of chrysanthemum cut stems. Agric.
Res. J., 57(3): 379-384.

Stern, K. R., Bidlack, J. E. and Jansky, S. H., 2008.
Introductory Plant Biology., New York, USA:
McGraw-Hill Companies.

Tucker, M., 2004.Primary Nutrients and Plant
Growth. - In: Essential Plant Nutrients
(SCRIBD, Ed.). North Carolina Department of
Agriculturae.

Vijayakumar, K. T., Patil, A. A. and Hulmaniet,
N.C. 1988.Effect of plant density and N on
growth characters and flower yield of China
aster (Callistephus chinensis Nees) cv.

51.3 Singh et al

Ostrich Plume Mixed. South Ind. Hort., 36:
318-320.

Witham, F.H., Blaydes, D.F. and Devlin, R.M.,
1971. Experiments in Plant Physiology, Van
Nostrand, New York.

Withrow, A.P., 1945. Interrelationship of nitrogen
and photo-period on the flowering, growth,
and stem anatomy of certain long day and
short day plants. Butler Univ. Bot. Studies,
7(1): 5.

Woodson, W. R., & Boodley, J. W. (1983).
Accumulation and partitioning of nitrogen
and dry matter during the growth of
chrysanthemum. HortScience, 18(2): 196-
197.

Yoon, H. S., Goto, T. and Kageyama, Y., 2000.
Mineral uptake as influenced by growing
seasons and developmental stages in spray
chrysanthemums grown under a hydroponic
system. J. Japanese Soc. Hortic. Sci.,
69: 255-60.

(Received : 11.09.2021; Revised : 25.10.2021; Accepted : 25.07.2022)

370

J. Hortl. Sci.
Vol. 17(2) : 363-370, 2022



J. Hortl. Sci.
Vol. 17(2) : 371-380, 2022

Original Research Paper

“rume

@
3
A
%
,

2

& S
O o
PRomoioN OF ™
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production of China aster [Callistephus chinensis (L.) Ness.] var. Arka Archana
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ABSTRACT

A study was conducted at the ICAR-Indian Institute of Horticultural Research,
Hesaraghatta, Bengaluru for three consecutive seasons during 2019-20, to standardize
the container type, substrate combination and nutrition for potted plant production of
China aster var. Arka Archana. The treatments comprised of two type of containers
(plastic and coir), three substrates {Red soil + FYM + Sand (1:1:1 v/v), Arka Fermented
cocopeat (AFC), AFC + Vermicompost (1:1 v/v)} and four nutrition concentration
(160:30:180 ppm N:P: K, 128:24:144 ppm N:P: K, 96:18:108 ppm N:P: K and
Jeevamrutha @ 3%) laid out in factorial completely randomized design with three
replications. Plant height at flowering (33.12 ¢m), number of primary branches (12.4),
plant spread (536.64 cm?), number of flowers/plant (26.47), flower size (5.26 c¢cm) and
uptake of major, secondary and minor nutrients were maximum in the plants grown in
6" plastic pots using the substrate combination of soil +sand +FYM (1:1:1 v/v/v) along
with the weekly application of nutrient solution of 96:18:108 ppm NPK/plant. This
production protocol resulted in a dense canopy and highly floriferous potted plants. The
benefit cost ratio of potted China aster production was 1.70. This technology can be

adopted by the nurserymen for large-scale commercial potted plant production.

Keywords: Containers, substrate, China aster, nutrients, floriferousness, potted plant

INTRODUCTION

Potted plants are an important segment in commercial
floriculture occupying the second place after cut
flowers with the demand increasing over the years @
20-25%. Global flower pots and planters’ market is
expected to reach USD 2,208.3 million by the end of
2024 from USD 1,869.6 million in 2018 (Anon.,
2019). Rapid urbanization and shrinking land area for
conventional gardening and emergence of many high-
rise buildings in the city landscape has led to a huge
market demand for flowering and foliage potted plants.
Potted plants are displayed in outdoor spaces, in
spaces that are the extension of the house and indoors
to improve indoor air quality. It has been reported that
potted-plants can reduce total volatile organic
compound loads, a major class of indoor pollutants,
by 75% (<100 ppb) and also CO and CO, contents.

Flowering potted plants like rose, chrysanthemum,
aster, carnation, marigold etc. are in good demand for

their aesthetic appeal beside other associated positive
benefits. China aster [Callistephus chinensis (L.)
Ness.], a member of the family Asteraceae, is a
commercial flower crop of India grown mainly for
loose and cut flower purpose over an area of 3500 ha
in Karnataka, Tamil Nadu, Telangana, Andhra
Pradesh, Maharashtra and West Bengal (Kumari et al.,
2018). This crop can also be grown in containers.
China aster var. Arka Archana released from ICAR-
ITHR, Bengaluru is an early bloomer, with spreading
plant type, bearing semi double white flowers, the
plant form and floriferous nature makes it a suitable
candidate for potted plant production.

Most of the consumers prefer eco-friendly products
considering the health benefits while using these in
indoor closed spaces. Flowering potted plant
production mainly relies on the selection of appropriate
containers, potting media and optimum nutrition,
which tends to influence the crop canopy and

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



floriferousness. Alternate containers like coir pots are
gaining popularity with certain section of consumers.
An ideal potting substrate must possess unique
physical and chemical characteristics favoring
maximum water retention between irrigations while
being well drained in order to avoid drought and root
asphyxia (Caron and Nkongolo, 1999). Application of
balanced nutrients to the potted plants, its solubility,
availability, frequency of application is some of the
factors that require standardization. The present study
was undertaken to determine the effects of type of
containers, substrate and nutrient levels on quality
potted plant production of China aster var. Arka
Archana.

MATERIALS AND METHODS

The study on potted plants of China aster var. Arka
Archana was done at the ICAR - Indian Institute of
Horticultural Research, Bengaluru, Karnataka, India.
The pot plant experiment was conducted for a period
of three seasons, i.e., February — May, 2019, July —
October, 2019 and November 2019 — February, 2020
(Fig. 1). The pots were kept under open condition with
full sunlight. Physical and chemical properties of
initial and post-harvest media composition were
analysed. The treatment details are as follows; Factor
A: Type of pots (P : 6" plastic pot; P,: 6" coir pot);
Factor B: Substrate (S : red soil + FYM + sand (1:1:1
v/v), S,: Arka Fermented cocopeat (AFC), S,: AFC +
Vermicompost (1:1 v/v)}; Factor C: Nutrition
concentration (N,- 160:30:180 ppm, N,- 128:24:144
ppm, N, - 96:18:108 ppm N:P:K; N, - Jeevamrutha
@ 3% (organic source). For treatments N, N, and N,,
secondary and micronutrients applications were kept
unchanged. Nutrient solution application was
scheduled at weekly intervals @ 50 ml / pot. The
experiment was conducted in factorial CRD design
with three replications and ten pots per replication.
One month old seedlings at 4-6 leaves stage were
transplanted in the centre of each pot @ one seedling/
pot and watered. Thereafter regular need-based
watering was done, depending on the media and
season. The texture and porosity of the growing
medium were important considerations in deciding the
frequency of irrigation. Pots containing substrate with
cocopeat, cocopeat + vermicompost retained moisture
for longer period compared to soil + sand + FYM
media. Pinching was done one month after
transplanting. Prophylactic sprays of plant protection
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chemicals ensured no severe infestation of pest and
diseases during the period of experimentation.

The substrates Arka Fermented Cocopeat (AFC), soil
and FYM were characterized as per the standard
procedures. Soil physical and chemical properties were
estimated by following standard procedures (Jackson,
1973). For nutrient uptake studies, nitrogen (N)
contents in the plant samples were analyzed after
mineralization with sulfuric acid by Kjeldahl method
(Jackson, 1973). Phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg), iron (Fe), manganese
(Mn), zinc (Zn) and copper (Cu) were estimated
digesting with a triacid mixture (9:4:1 HNO,: HCIO,;:
H,SO,) as described by Jackson (1973).

Observations were recorded at flowering stage on the
vegetative and flowering parameters viz., plant height
(cm), number of primary branches, number of
secondary branches, plant spread (cm?), leaf area
(cm?), internodal length, number of flowers plant,
flower diameter (cm) and duration of flowering.
Economic analysis of potted plant production of China
aster was done considering the market price ranging
from Rs. 45-70 per pot, depending upon the type of
pot (plastic or coir), appearance and display life for
computing gross returns from economic produce.
Pooled analysis of the data for three seasons on
different growth and yield parameters was done using
statistical software WASP 2.0 (Web Agri Stat
Package, ICAR-Central Coastal Agricultural Research
Institute, Goa).

RESULTS AND DISCUSSION

Vegetative parameters: Plant height was recorded at
the time of flowering varied significantly for the
factors container type, substrate and nutrient doses
(Table 1) and for their interaction effect (Table 2).
Maximum plant height was observed in plastic pots,
P, (26.32 cm) whereas; it was minimum in coir pots
(P,). Among different types of substrates used,
maximum plant height (31.22 ¢cm) was observed in S,
(Red soil + sand + FYM), followed by S, (AFC +
vermicompost) and minimum (21.30 cm) was recorded
in S, - AFC alone. Among different nutrient levels
used, maximum plant height was observed in
application of 96:18:108 ppm of N:P:K - N,
(26.45cm) and minimum was in Jeevamrutha - N,
(23.33 cm). Among the interaction effects, plants
grown in plastic pots using red soil + FYM + sand
media with the application of 96:18:108 ppm NPK
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(P,S,N,) recorded maximum plant height (37.11 cm)
and it was minimum in plants grown in plastic pot
using red soil + FYM + sand media with the
application of Jeevamrutha drenching@ 3% (P S|N,)
and pot using AFC media with the application of
nutrient combination of 160:30:180 (P,S)N,).

Number of primary and secondary branches was
significant for individual factors (Table 1) and their
interaction (Table 2). Maximum number of primary
and secondary branches was observed in plastic pots,
P, (6.96 and 2.92, respectively), red soil + FYM +
sand medium - S, (8.37 and 3.10, respectively) and
nutrient combination of 96:18:108 ppm of N:P:K —
N, (6.84 and 2.87, respectively). Among the
interaction effect, significantly highest number of
primary branches was obtained using plastic pots
using red soil + FYM + sand media with the
application of nutrient combination of 160:30:180
ppm of N:P:K P S N, (12.73). The number of
secondary branches was found maximum (3.8) in
plastic pots, red soil + FYM + sand medium with the
application of 96:18:108 ppm of N:P:K (P,S N,).

Plant spread area was significant for individual factors
(Table 1) and their interaction (Table 2). Maximum
plant spread was recorded in plastic pots - P, (251.61
cm?) substrate containing red soil + sand + FYM - S,
(295.78 cm?) and supplied with nutrients, 96:18:108
ppm of N: P: K - N, (266.76 cm?). Among the
interaction effect, maximum plant spread was in
plastic pots, red soil + FYM + sand medium with the
application of 96:18:108 ppm of N:P:K P S N,
(380.05 cm?). Internodal length of pooled mean
showed non-significant differences for all the three
factors and their interaction (Table 1 & Fig 3). Leaf
area was found to be significantly different among the
treatment combinations (Table 3). Maximum leaf area
was observed in P, (15.59 cm?). In substrate
combination, red soil + FYM + sand media (S,)
reported maximum leaf area of 15.85 cm?. Application
of nutrient 96:18:108 ppm of N:P:K (N,) resulted in
maximum leaf area of 15.38 cm?. Among interaction
effect, P,S N, recorded maximum leaf area of 16.79
cm? (Table 1 and 3).

In potted plant production plant growth and
appearance plays an important role, not only to
increase its marketing value by improving its
appearance but also to improve the floriferousness. In
this study, plant growth parameters like plant height,
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number of primary and secondary branches and plant
spread was found ideal in plants grown in plastic pots
using substrate containing red soil + sand + FYM
along with the application of the nutrients, 96:18:108
ppm of N: P: K. This increment of growth parameters
could be attributed to the great input of nutrients
provided by the media combination and balanced
fertilizer dose which supplied the required quantity of
major, secondary and micronutrients. The importance
of potting media and nutrient application for
ornamental plant production has been highlighted by
Jayasinghe (2012) and our findings are also in line
with his findings.

Floral parameters: Number of flowers per plant
was found to be significant for all the three factors
(Table 1) and their interaction (Table 3). Among factor
A, maximum number of flowers per plant for pooled
mean of three harvests was observed in plastic pots
(P,) (16.24) compared to coir pots (13.4). Among
different substrates used, maximum number of flowers
was observed in S| (17.46), followed by S, (15.44)
and minimum was in S, (11.57). Among nutrients,
application of 96:18:108 ppm of N:P:K (N,) recorded
maximum number of flowers (15.26). Among
interaction treatment P,S N, recorded maximum
number of flowers (21.85).

Flower size is an important aspect of potted plant
production. Bigger the bloom indicates better display
quality and attractiveness. Flower size was significant
for two individual factors (Table 1) and interaction of
three factors (Table 3). Maximum flower size was
observed in plastic pots (4.68 cm) grown in red soil
+ FYM + sand media (4.95 cm) with the application
0f 96:18:108 N:P:K - N, (4.72 cm). Among interaction
effect, treatment combination of plastic pot+ red soil
+ FYM + sand along with application of 96:18:108
(P,S,N,) recorded maximum flower size of 5.26 cm.

Flowering duration plays an important role in
analyzing the display life of the pot plant. In the
present study, the flowering duration showed
significant differences for individual factors and their
interaction (Table 1 & 3). Flowering duration was
maximum in plants grown in plastic pots (32.4 days),
consist of red soil + FYM + sand media (32.75 days)
and with the application of nutrient of 96:18:108 ppm
of N:P:K (31.92 days). Among interaction effect,
interaction of all these factors (plastic pots, red soil +
FYM + sand media and nutrient of 96:18:108 ppm
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of N:P:K) recorded maximum display life of 35.90
days. It was minimum in plants grown in coir pots,
AFC media with the application of 160:30:180 ppm
of N:P:K (26.30 days). In the present study, plant
growth parameters (plant height, number of primary
branches, plant spread) at flowering and yield
parameters (number of flowers/plants, flower size) and
uptake of nutrients were maximum in the plants grown
in 6" plastic pots compared to coir pots of the same
size. The coir pots maintained the shape for 3-4
months, thereafter started degrading. Similar
observations were made in Poinsettia potted plants
grown in containers made of 100% biodegradable
polyester for breakage problems during the handling
of the marketing phase (Castronuovo, 2015). The coir
pots required frequent irrigation compared to plastic
pots which was also reported by Evans et al. (2015)
in vinca (Catharanthus roseus). Beeks and Evans
(2013) also analyzed the behavior of nine bio
containers in comparison with a traditional petroleum-
based plastic containers for the production of cyclamen
(Cyclamen persicum L.) cv. ‘Rainer Purple’ and
pointed out those most plantable containers are not
suitable for this purpose.

Analysis of substrate composition: The substrate
AFC had the following characteristics: bulk density
0.16 Mg m?3; porosity 67.8%; pH 6.75; electrical
conductivity 0.5 dSm'; total carbon 36.1%; total N
0.98%; total P 0.07%; total K 2.20% and Na 0.35%.
The average concentration of macronutrients was
estimated at 0.58% N, 0.26% P,O, and 0.60% K,O
in FYM. Physical and chemical characteristics of the
soil were: bulk density 1.28 Mg m; porosity 51.3%;
pH 6.97, electrical conductivity 0.26 dSm''; organic
carbon 7.8 g kg'; available N 0.13 g kg'; 18 mg
kg' Olsen’s P, ammonium acetate (CH,COONH,)
extractable nutrients as follow: 0.90 g Ca kg', 0.174
g Mg kg' and 0.15 g K kg' and DTPA extractable
micronutrients as follow: 10.3 mg kg' Fe, 5.70 mg
kg' Mn, 2.24 mg kg' Cu and 1.35 mg kg' Zn. Plant
production in growth media includes materials that
contain soil or soilless media (Savvas et al., 2013).
Plant faces two basic challenges for root growth in
the containerized plant production system. The first
one is the very shallow root growth area in the
container environment which quickly becomes
saturated after watering as compared to normal soil
profile having limitless area for drainage. The second
one is the limited water storage capacity between the
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irrigation intervals due to small volume of the
container (Bunt, 1988). The physical structure must
maintain equilibrium between air and water over the
entire crop cycle, which is few months for annuals to
prolonged time for perennials. The potting substrate
physical properties are usually assessed by its particle
size and shape, texture and physical organization
(Bilderback et al., 2005). Selection of an ideal
substrate, either soil or soilless is one of the important
keys for success of potted plant production. Our
studies have revealed that the substrate combination
of soil + sand + FYM (1:1:1 v/v) have recorded
compact plant growth, yield and quality parameters
compared to AFC + vermicompost and AFC alone.
Addition of organic matter as compost or manure
(green manure, farm yard manure, poultry manure) is
a common practice for growing potted plants. In
addition to supplying plant nutrients, it provides a
favourable physical and biological environment for
plant roots in the growth medium (Kumar and Goh,
2000). Therefore, an ideal potting substrate must
possess unique physical and chemical characteristics
favoring maximum water retention between irrigation
while being well drained in order to avoid drought and
root asphyxia (Nkongolo and Carol, 2006). Thus, the
potting substrate is a pivotal advancement in plant
production system providing grower with the full
control over air, water and nutrients delivery as well
as pathogen free environment to plant roots (Raviv et
al., 2002). On a commercial scale, there is a need of
bulk quantity raw constituents for the production of
soilless growing media (Carlile ef al., 2015). The
growing substrate should also be economical and
practical enough to be used for commercial purposes.

Nutrient uptake: The plant nutrient uptake as
influenced by pot types, substrates and nutrient levels
are given in Figure 4. Nutrient uptake was found to
be non-significant for type of pots. Among the
substrate combinations, red soil + sand + FYM
recorded highest plant nutrient uptake for most of the
nutrients {N (0.19 g/pt), Ca (0.15 g/pt), Mg (0.06 g/
pt), Fe (4.45 mg/pt), Mn (0.67 mg/pt) and Zn (0.55
mg/pt)} followed by AFC + vermicompost and all
these parameters were found minimum in pots
containing AFC alone. With respect to nutrient levels,
the highest nutrient uptake {N (0.21 g/pt), K (0.35 g/
pt), Ca (0.14 g/pt), Mg (0.06 g/pt), S (0.01 g/pt), Fe
(4.04 mg/pt), Mn (0.68 mg/pt), Zn (0.59 mg/pt), Cu
(0.63 mg/pt)} was recorded with application of 96,
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18 and 108 ppm of N:P:K (N,). This was followed
by N, (128:24:144 ppm of N:P:K) and found to be
on par with Jeevamrutha @ 3% weekly drenching
(N,). The lowest nutrient uptake was recorded with
application of higher levels of nutrient application (N -
160:30:180 ppm of N: P:K). Plant nutrition plays a
pivotal role especially when it is grown in container.
In this experiment among three levels of nutrient
application and one organic combination -
jeevamrutha, weekly application of lower
concentrations of nutrient solution of 96:18:108 ppm
N:P:K/plant (Arka Sasya Poshak Ras) has given better
plant growth, flower yield and quality parameters.
Similar studies on Adenum obesum ‘Red’ under low
nutrient supply was found to relocate more biomass
into roots (McBride, 2014). However,
Tabernaemontana pachysiphon Staph treated with
three levels of Osmocote, two water regimes, and two
light intensities indicated that increasing nutrient
supply had a positive effect on growth (Hoft et al.,
1996). Mandevilla Vogue varieties were shown to be
moderate feeders, responding best to use of a balanced
fertilizer at a rate of 100 to 200 mg L' and it was
recommended that a low to medium rate of a standard
slow- release fertilizer should be added at planting
(Mart, 2012). Plumeria rubra grown in pure silica
sand in 4-L containers were treated with a low and
high nutrient level (2.4 g and 24.0 g, respectively, of
14N-14P-14K of Osmocote) revealed that more
biomass was produced under high nutrient supply,
whereas more biomass was allocated to the roots in
low nutrient supply (Huante et al., 1995). Vinca
(Catharanthus roseus L.) seedlings benefitted from
high concentrations of N (up to 32 mM) in the
fertilizer, whereas only low concentrations of
phosphorus and potassium (0.25 mM) were needed
(Van Iersel et al., 1999). The ideal potting substrate
must also deliver an appropriate environment for
proper plant nutrient availability. Nutrient availability
is very much dependent on the chemical properties
including pH, cation exchange capacity, electrical
conductivity of the substrate etc.

Economic analysis: Economic indicators have been
worked out considering the cost of inputs (pots,
substrate and nutrients), labour and maintenance cost
(Fig 5). The three-season study suggested that pot
plant production of China aster var. Arka Archana was
profitable in plants grown in plastic pots using red soil
+ FYM + sand media with the application of
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96:18:108 ppm of N:P:K (P,S N,) with a B:C ratio
of 1.70. This might be due to the lower cost of
production and better display life of the potted plant
grown in this treatment. In general plants grown in
plastic pots recorded better B:C ratio in the range of
1.02 to 1.70, whereas, coir pots due to higher cost of
pots recorded lower B:C ratio range of 0.37 to 0.59.
An alternative to the use of plastics in potted plant
production could be the use of biodegradable pots
instead of plastic pots (Sartore et al., 2013). However,
the technical performance and suitability for
agricultural applications, of these biodegradable
materials, that can be easily degraded by naturally
occurring microorganisms must be ensured (Lucas et
al., 2008). The cost of bio pots is too high than
traditional ones to make them utilizable by growers
on large scale (Brumfield et al., 2015) and it is about
twice the cost the traditional ones according to Minuto
et al. (2008). This aspect is even more important for
annual crops like potted China aster wherein the
production costs should be considered as it is a short
duration crop.

CONCLUSION

From the results of the study, it is evident that in pot
plant production of China aster var. Arka Archana,
plant growth parameters like plant height (33.12 cm),
number of primary branches (12.4), plant spread
(536.64 cm?) at flowering and yield parameters like
number of flowers/plant (26.47), flower size (5.26 cm)
and uptake of nutrients were maximum in the plants
grown in 6" plastic pots by using the substrate
combination of red soil + sand + FYM (1:1:1 v/v)
along with the weekly application of nutrient solution
of 96:18:108 ppm NPK/plant (Arka Sasya Poshak
Ras). The same treatment is profitable with the highest
B:C ratio of 1.70. This technology can be adopted for
large-scale commercial potted plant crop production
as flowering potted plants are a way to bring in a
visually pleasing effect, soften the hard lines of the
living spaces that give health benefits.
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ABSTRACT

Physico-chemical and enzymatic changes in mango (Mangifera indica) cv. Dashehari in
response to postharvest application of chitosan (0, 0.5 and 1.0%) were studied during 4 weeks
that were stored between 10+1 °C, 90-95% RH. Fruits were evaluated for various quality
parameters such as firmness, weight loss, pulp colour, #-carotene, soluble solid content (SSC),
titratable acidity (TA) and activities of polygalactouronase (PG) and cellulase on 0, 7, 14, 21
and 28 days. Results exhibited that chitosan coatings (1.0%) effectively reduced the weight
loss (5.82%) and markedly slowed down the ripening changes as evidenced from their
retention of fruit firmness (15.50 N), maintenance of SSC (18.85%) and TA (0.44%) at 21
days of storage. Chitosan coatings also retarded the pulp colour development and lowered
activities of PG and cellulase enzymes as compared to non-coated fruits. Overall, chitosan
coating at 1.0% was found to be most effective in enhancing the storability and quality of

mango fruits at cool storage temperatures.

Keywords: Cellulase, chitosan, fruit quality, mango and polygalactouronase

INTRODUCTION

Mango is the most important tropical fruit cultivated
worldwide and is considered one of the choicest fruits
due to its attractive colour, sumptuous flavor and high
nutritional properties. Despite rapid increase in the
mango production and International trade, the
marketability of good quality fruit is mainly affected
by its short postharvest life. Under the sub-tropical
conditions of Punjab (India), the fruit is harvested
during the first fortnight of July when high temperature
and humidity prevails in the region (Gill et al., 2017).
Hence under ambient conditions, the fruit becomes
highly perishable and reaches climacteric peak after
3 to 4 days of harvest. This peak is usually
accompanied by rapid rise in ethylene production
which accelerates the fruit softening and ripening
process (Singh et al., 2013). Shorter shelf-life of
mango fruit is associated with various physico-
chemical and enzymatic changes including weight loss,
textural softening, chlorophyll degradation and starch
hydrolysis (Herianus et al., 2003) and thus restricting
its transportation to distinct markets. To extend the
postharvest life of fruits, application of various edible
coatings based on lipids, polysaccharides and proteins

have been experimented. Among these, polysaccharide-
based chitosan coating has demonstrated a positive
effects on the maintenance of fruit quality during
storage (Xin et al., 2017). Chitosan coating forms a
semi-permeable membrane around the fruit surface
and modify the internal atmosphere, thereby resulting
into a decline of respiration and transpiration rates
thus delaying the fruit ripening and senescence.

Chitosan coatings on papaya fruits significantly
reduced the weight loss percentage, maintained the
fruit firmness, soluble solids concentration and
prolonged the storage life of fruits (Ali et al., 2011).
Furthermore, some studies on the effect of edible
coatings on postharvest life and quality parameters in
mango fruits have also been reported. Chitosan 2.0 %
coating on mango cv. Tainong significantly lowered
the respiration rate and maintained the fruit firmness
(Zhu et al., 2008) and delayed the PG activities in
mango cv. Choke Anan fruit during storage (Khaliq
et al., 2017). However, no reports are available
concerning the effect of chitosan on enzymatic
activities in the fruits of Dashehari mango stored at
low temperature storage; hence, there is a need for
further studies to contemplate the efficacy of chitosan

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



coatings on postharvest life of the most important
Indian mango cultivar. The aim of the present work
was to elucidate the effect of the surface chitosan
coating on quality attributes and enzymatic activities
in mango fruit cv. Dashehari under cool storage
temperatures.

MATERIALS AND METHODS

Mango fruits (Mangifera indica cv. Dashehari) were
harvested at mature green stage (specific gravity;
0.98+0.01 and firmness; 94.5+2.5N) from the orchard
(30.89 °N and 75.80 °E latitude) of the Department
of Fruit Science, Punjab Agricultural University,
Ludhiana, India. Healthy fruits without any physical
defects were selected for uniformity in shape, size &
colour and washed with 100 ppm chlorinated water
& then dried in shade. Further, fruits were randomly
divided in three groups with each group comprising
of 320 fruits. Two groups were coated with chitosan
0.5 % and 1.0 % concentrations using a soft brush,
whereas the third group was left uncoated (control).
Each treatment comprised of 80 fruits in four
replications with 20 fruits under each replicate. The
fruits were packed in corrugated fiber board boxes (5
% ventilation) with paper lining and stored under cool
storage conditions (10+1 °C, 90-95 % RH). The
desired concentration (0.5 % and 1.0 %) of chitosan
was prepared as per the method described by Han et
al. (2004) by dissolving 0.5 and 1.0 g of chitosan in
100 mL of 3 % acetic acid solution and was mixed
well using a magnetic stirrer. The pH of chitosan
coating solution was maintained at 5.0 with 1 M
NaOH.

Fruits were randomly selected from each treatment and
analyzed for various physico-chemical attributes on
the day of harvest (before treatments) and at 7, 14,
21and 28 days of storage. Weight of fruits after every
interval of storage was recorded and per cent weight
loss was calculated.Fruit firmness was measured by
the destructive method using stand mount penetrometer
(Model FT-327, USA) and the values were expressed
in Newton (N). SSC was measured using handheld
digital refractometer (ATAGO, PAL -1, Japan) and
expressed in °Brix. Titratable acidity was measured
using 2 mL of strained juice and titrated against 0.1
N NaOH solution using phenolphthalein indicator until
the colour changed pink and was expressed as a
percentage per 100 g fresh weight. The fruit pulp
colour coordinates were recorded using a
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spectrophotometer (Hunter Lab ColorFlex, Hunter
Associates Inc., Reston, VA, USA) as L* a* and b*
in Commission International de I’Eclairage (CIE) units
with the head of 15 mm diameter to fit fruit surface
(Hunter, 1975). Carotenoids were estimated in the
form of f-carotene from the pulp of fruits as per the
methodology followed by (Gill et al.,, 2017) and the
colour intensity of samples were read at 452 nm in a
spectrophotometer (Spectronic 20D* Thermo Fischer
Scientific, USA) against petroleum ether used as
blank. Polygalacturonase and cellulase enzyme
activities were determined as per the method followed
by Kaur et al (2021) with slight modification.

The data for various parameters were analyzed by
two-way analysis (coatings x storage period) of
variance in completely randomized design (Factorial)
and using the statistical package SAS 9.3 (The SAS
system for Windows, Version 9.3, SAS Institute, Cary,
NC). Fisher’s least significant differences (LSD) were
calculated following a significant (P d” 0.05) F-test.

RESULTS AND DISCUSSION

All the fruits irrespective of the coatings exhibited a
gradual loss in weight throughout the storage period
(Fig. 1A). The uncoated fruits exhibited a maximum
weight loss of 11.50 % at 28™ day of storage.
However, fruits coated with 0.5 and 1.0 % chitosan
registered significantly lower weight loss as compared
to control. At the end of the storage period, weight loss
in uncoated fruits was 24.23 % higher as compared
to fruits coated with 1.0% chitosan. It might be due
to formation of an effective semi-permeable film on
the fruit surface, thus limiting the water loss and
exchange of gases and protects fruit against
dehydration loses. Results concurred to previous
studies that recorded lower weight loss in chitosan
coated mango fruits (Abbasi et al., 2009).

The firmness of the mango fruits declined
progressively throughout the storage period (Fig. 1B).
The maximum rate of decline in the coated and
uncoated fruits were observed on the 7" day of
storage. However, the decrease in fruit firmness was
lower in fruits coated with chitosan as compared to
uncoated fruits. On 28 days of storage, fruits coated
with 1.0 % chitosan retained maximum (7.39 N)
firmness, followed by 0.5 % chitosan treatment and
the minimum (4.17 N) firmness was recorded in
uncoated fruits. This overall retention of fruit firmness
in coated fruits might be the due formation of modified
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atmospheric condition around the fruit surface by
chitosan coating, which reduces the degradation of
insoluble proto-pectins into more soluble pectic acid
and pectins (Kashappa and Hyun, 2006). These results
can be correlated with the findings of Ladaniya (2011)
in Nagpur mandarin and in mango (Abbasi et al.,
2009) where maximum firmness was retained in the
wax coated fruits.

The present study showed an increase in SSC in all
the coated as well as uncoated fruits throughout the
storage period under cool temperature conditions (Fig.
1C). The rate of increase in SSC in uncoated fruits
was higher in comparison to chitosan coated fruits.
During the entire storage period of 28 days, the
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increase in SSC in uncoated fruit was 57.02 % as
compared to 52.93 % increase in 1.0 % chitosan
coated fruits. Hence a gradual increase of SSC was
registered in fruits coated with 1.0 % chitosan, which
might be due to the formation of semi-permeable film
around the fruit which modifies the internal
atmosphere of fruit and forms a barrier against oxygen
thus reducing the rate of respiration. Similar results
were reported in mango (Abbasi ef al., 2009) fruits
where higher SSC were recorded in uncoated fruits as
compared to coated fruits.

TA decreased in all the fruits irrespective of the
coatings during the entire storage period (Fig. 1D). On
the7™ day of the storage period, the decline in acidity
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Fig. 1 : Variation in (A) weight loss (B) fruit firmness (C) SSC (D) TA in mango cv. Dashehari in relation to chitosan
coatings. Vertical bars represent + Standard error of mean of 4 replicates.
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of uncoated fruits was 26.56 % higher as compared
to TA in chitosan 1.0 % coated fruits. However, at the
end of the storage period, fruits coated with 1.0 %
chitosan retained maximum (0.34 %) TA as compared
to uncoated fruits, where minimum (0.23 %) TA was
recorded. Acidity can be directly correlated with the
organic acid’s concentration in fruit and their reduction
during storage is due to the metabolic alterations
involving utilization of these organic acids during
respiration for enzymatic reactions (Yaman and
Bayoinderli, 2002). In the present study, fruits coated
with 1.0 % chitosan were effective in the preservation
of organic acids by maintaining highest TA thus
indicating its inhibitory role in the oxidation of organic
acids. Results were in harmony with the previous
findings in mango as reported by Zhu et al. (2008).

The colour coordinates L*, a* b* chroma and hue
angle shown in fig.2 indicates the change in pulp
colour of fruit during storage. The L* value of the pulp
colour in all the coated and uncoated fruits decreased
with the progression of the storage (Fig. 2A).
However, the rate of decrease in L* value was higher
in uncoated fruits as compared to the fruits coated with
chitosan. From the day of harvesting to 28 days of
storage period, L * value of pulp in fruits coated with
1.0 % chitosan decreased by 25.62 %, whereas in
uncoated fruits L value decreased by 28.66 %. The
a* and b* value of pulp significantly increased in all
the fruits irrespective of the coatings (Fig. 2B and 2C).
The fruits coated with 1.0 % chitosan registered
minimum a* and b* values (27.45 and 61.67,
respectively) at the end of storage period, while
uncoated fruits recorded maximum a* and b * values
(28.23 and 64.70, respectively). Results showed that
chitosan coated fruits retained the pulp colour index
at L* a* and b*, which indicates the delay of the
ripening process. Chitosan treatments effectively
slowed down the degeneration of yellow colour of pulp
and retained a lighter yellow pulp colour at the end
of storage as compared to uncoated fruits.

The chroma value of coated as well as uncoated fruits
increased during the study (Fig. 2D). From the day
of harvest to 28 days of storage, a lower C* value
(43.75) was observed in fruits coated with chitosan
1.0 % as compared to uncoated fruits, where a rapid
change in C* value (45.15) was recorded. Hue angle
of pulp of all the fruits decreased throughout the
storage period irrespective of chitosan coatings (Fig.
2E). During 28 days of storage, a comparatively
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higher (71.80) hue angle was registered in fruits with
1.0 % chitosan coatings as compared to control fruits
which recorded minimum (71.26) hue angle. Chitosan
coated fruits recorded lesser hue angle and higher
chroma values which may be attributed to the slow
pulp colour changes and fruit senescence. This proved
the effectiveness of chitosan coating in delaying the
climacteric peak, which is often associated with colour
change in fruit due to the activity of chlorophyllase
enzyme as well as accumulation of carotenoids in
response to the climacteric rise in respiration rate and
ethylene production (Saltveit, 1999). Similar findings
were reported in strawberries coated with edible
coatings, where a colour change in fruit was
significantly delayed (Velickova et al., 2013).

A significant progression in fS-carotene content was
observed in all the fruits irrespective of the coatings
throughout the storage period (Fig. 2F). The maximum
increase in fS-carotene was observed until 25 days in
uncoated fruits (94.19 %) as compared to fruits coated
with chitosan 1.0 %, which recorded minimum (92.65
%) increase in f§ -carotene and was found on par with
fruits coated with 0.5 % chitosan treatment. However,
on 28" day of storage, the f-carotene content of
uncoated fruit was 4.9 % higher as compared to fruits
coated with 1.0 % chitosan. Carotenoids being the
most crucial pigments defining the qualitative
characteristic of mango fruit, increases with the
progression of the ripening process. f-carotene
increased in all the coated as well as uncoated fruits,
but their increase was recorded at a slower pace in
1.0 % chitosan coated fruits. The inhibitory effect of
chitosan on carotenoid development may be due to the
modification of internal atmospheric conditions and
suppression of enzymatic activities thus resulting into
reduction of chlorophyll degradation and carotenoid
biosynthesis (Gol and Rao 2011; Hong et al.,
2012).Similar inhibitory effect of wax treatments on
carotenoid biosynthesis was reported in mandarin
(Ladaniya, 2011).

The study showed a comparable trend in PG and
cellulase enzymatic activities (Fig. 3A and 3B). An
increase in PG activity was observed in fruits coated
with chitosan 1.0 % until 21 days of storage period
as compared to chitosan 0.5 % and uncoated fruits
where this increase was recorded only until 14 days,
followed by a decline. At 28™ of the storage period,
the maximum (10.89 ug D-galacturonic acid g! FW
min’') enzymatic activity was observed in 1.0%
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relation to chitosan coatings. Vertical bars represent + Standard error of mean of 4 replicates

chitosan coated fruit as compared to control fruits,
which recorded minimum (8.02 pg D-galacturonic
acid g! FW min') PG activity. Alteration in the
activity of cell wall degrading enzymes is the major
concern regarding deterioration in fruit quality. During
ripening the latent forms of PG, and cellulase get
activated resulting in breakdown of pectic substances,
celluloses, and hemicelluloses present in the middle
lamella. The rise in the activity of these cell wall
degrading enzymes results in the reduction of cohesive
forces that bind the cells together weakens of cell wall
and cause fruit softening (Wills et al., 1998). PG
enzymes activity is responsible for the catalysis of
depolymerization reactions and hydrolytic cleavage of
de-esterified polygalacturnoid chain (Wei et al., 2010).
Chitosan coatings significantly delayed the enzymatic
activity in mango fruit. As per the results, fruits coated
with 1.0 % chitosan recorded lower PG activity as
compared to uncoated fruits. In uncoated fruits, PG
activity increased approximately 3 folds up to 14 days
of storage period as compared to 1.0 % chitosan
coating where this increase was only 2.6-fold. A
similar finding was reported in wax coated ‘Manila’
mango (Vazquez-Celestino et al., 2016).

Similar observations were recorded in cellulase
enzyme activity, where all the coated as well as
uncoated fruits exhibited an increase in cellulase
activity till 14 days of cold storage, followed by a
decline. However, at the end of the storage period (28
days) the decline in cellulase activity in uncoated fruit
was 42.12 % and 35.91 % higher than the fruits with
1.0 % and 0.5 % chitosan coatings, where PG activity

was delayed during storage (Vazquez-Celestino ef al.,
2016). Results indicated that coatings of chitosan
inhibited the increase in enzymatic activities, while 1.0
% chitosan coated fruits maintained highest enzymatic
activities until 28 days of storage as compared to
uncoated fruits which clearly signifies the capability
of chitosan in maintaining the cell wall integrity by
reducing the breakdown of cell wall components and
accumulating higher enzyme substrate levels for a
longer period.

CONCLUSION

In conclusions, 1.0 % chitosan coating on mango
fruits, effectively maintained the fruit quality over
uncoated fruits stored under cool temperature
conditions. Chitosan coated fruits exhibited lower
weight loss percentage and retained maximum fruit
firmness. In addition, these coatings also maintained
the SSC and TA and significantly delayed the pulp
colour development and enzymatic activities of PG and
cellulase in mango fruit during cool temperature
storage.
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ABSTRACT

Moringa oleifera Lam. is an incredible plant because of vital nutrients such as minerals,
vitamins and phytochemicals. The present work is focused on studying the optimization and
quality attributes retention in moringa flowers in a freeze dryer (FD). Because the conventional
drying process takes more time and energy which will affect the product quality and safety.
Response surface methodology (RSM) was employed to optimize the effect of drying
temperature (- 65 to - 45°C), vacuum pressure (0.5 to 2.5 mmHg) and drying time (18 to 24
h.) on the vitamin C, total antioxidant activity(TAA) and hygroscopicity (HS) of moringa
flower. The developed model response R? values of vitamin C 0.96, total antioxidant activity
0.97 and hygroscopicity0.95. Based on response surface and desirability (0.74) functions,
moringa flower was freeze sdried at - 63.75°C for18 hr under 0.55 vacuum pressure had an
optimum level of vitamin C 285.84 mg/100g, TAA 453.20 mg/100g and HS 1.57 percent. Freeze
dried moringa flower powder at -55°C had maximum drying characteristics with special
reference to high powder recovery (98.75%) and excellent flowability.The first principal
component, accounting for 52.15 per cent and two 23.02 per cent of the total variance resolved

the different drying temperatures.

Keywords: Dehydration, Freeze drying, moringa flower, nutraceutical and response surface methodology.

INTRODUCTION

Moringa oleifera lam is also known as the “tree of
life” because of its crucial importance and belongs to
the solitary genus from the family Moringaceae and
contains 13 known species (Hedhili et al., 2022).
Moringa is frequently regarded as a curative for all
health issues or diseases. Leaves, flowers and pods of
moringa are used in folk medicine to treat many
diseases and they have cardiac and circulatory
stimulants, anti-tumor, anti-pyretic, anti-epileptic, anti-
inflammatory, anti-ulcer, anti-spasmodic, diuretic,
cholesterol-lowering, anti-oxidant, anti-diabetic, anti-
bacterial and anti-fungal compounds. These health-
promoting effects have been attributed to its
constituent phytochemicals, such as zeatin, quercetin,
-sitosterol and kaempferol (Farooq et al., 2022).

Moringa flower is unique because of its health
benefits, medicinal and therapeutic properties. At
present, the demand for moringa parts has increased
annually due to off-season availability and increased
utilization by people. One-fourth of moringa parts
produce is spoiled during storage and transport. To
prevent postharvest losses in the moringa flower, there
is a need for processing, and it will meet the demand
of the market throughout the year (Manju et al., 2021)

Dehydration is a traditional system of preservation;
done by various means of methods to reduce food
moisture and plant materials. During the drying
process, a higher temperature can lower the flavour,
colour, heat-sensitive nutrients and bioactive
compounds. The quality of the dried products can be
improved by reducing the process temperature when
compared to a higher temperature. (Kinki et al., 2020).

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



Optimization of freeze drying parameters for moringa powder

The conventional drying process takes more time and
energy than advanced techniques. Due to prolonged
processing time and improper handling, higher
temperature and pressure will affect the organoleptic
characteristics and product quality. Alternatives to
conventional drying, advanced dryers specifically
freeze or vacuum-drying was used to dry heat-sensitive
materials. (Klungboonkrong et al.,2018). Response
surface methodology (RSM) is a popular and effective
statistical tool for the optimization of interactive
processes. (Sifat ef al., 2021). It is a technique which
empowers the experimenter to determine the
interrelationships between one or more responses and
factors (Chakraborty et al., 2020). RSM is commonly
used to map a response surface over a specified region
of interest, optimize responses, or choose operating
settings to meet target specifications or customer
requirements. (Okpe et al., 2018).

Generally, moringa leaves are more focused than
moringa flowers because of its high nutritional benefits
and availability but the research on moringa flowers
is unexplored. The present study aims to optimize the
freeze-drying parameters of moringa flower powder
using response surface methodology (RSM).

MATERIALS AND METHODS

Processing for the preparation of dried moringa
flower powder (MFP): Healthy and disease free
moringa flowers were selected. After that, a
dehydration process was performed with freeze
drying (Silva et al., 2019) used a Liotop® L101
tabletop freeze drier the capacity of drying
temperature ranged from -40°C to -80°C. Freeze
drying was started at 0.15 mbar after moringa
flowers were placed on unheated shelves. The
ambient radiation that reached the samples through
the clear glass drying chamber provided the
sublimation energy.

RSM modeling experimental Design and
analysis: Central Composite Rotatable Design
(CCRD) is used to optimize the drying temperature
of moringa flowers. Drying temperature (- 65°C, -
55°C and - 45°C), vacuum pressure (0.5, 1.5 and
2.5 mm/Hg) and drying time (18, 21 and 24 h.)
were taken as the independent variables and vitamin
C, total antioxidant activity (TAA) and
hygroscopicity (HS) were taken as a dependent
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variable. The experimental runs for the varied levels
of the input variables and 6 number of center points
(-55°C, 1.5 mm/Hg and 21 h) were obtained using
Design Expert (Version 13.0) software. CCRD as
it allows for a larger spread of conditions which
helps in prediction where the model involves more
complexity the second-order polynomial equation
was fitted into each output variable as
given in Eqn 1.

¥ =R0+ B1X1+ P2X2+P3X3 +B11X1 X1+ B22X2 X2+ P33 X3X3 + P12 X1X2
+ P13X1X3+ B23X2X3...Eqn.1

Where Y is a response factor of the Vitamin C, TAA
and HS from freeze dried moringa flower and B is
anintercept. Furthermore, B1 and B, and B,are linear
regression coefficients, B,,, B,, andp,, denote
interaction coefficients and B, and B ,and B,,
represent quadratic coefficients. To show the
interactive effects of independent factors on a single
dependent variable while keeping the other
variables constant then three-dimensional surface
plots were created for the optimized drying process.
For greater precision, an analysis of variance
(ANOVA) was used to determine the coefficients of
the final equation. Vitamin C, TAA and HS were
taken as the dependent variables. Twenty drying
experimental runs were obtained from RSM and
presented in Table 1.

The dehydration characteristics of MFP were
analysed, viz., ascorbic acid, by the methods given
by AOAC (1990), total antioxidant activity (Lim
et al., 2007), powder recovery, water solubility
index (Grabowski et al., 2006), flowability,
Hausner ratio, Carr index (Seerangurayar et al,
2017), bulk and tap density (Chegini and
Ghobadian 2005), hygroscopicity (Cai and Corke
2000), water and oil absorption capacity (Rosario
and Flores 1981), rehydration ratio and dehydration
ratio (Ranganna, 1986).

Statistical analysis

RSM was analyzed by Design Expert (Version
13.0) software. Data analysis was performed in a
completely randomized design (CRD) using SPSS
14.0 for Windows (SPSS, 2005). According to the
varied drying temperatures, multivariate analysis
(Principal Component Analysis - PCA) was
performedon the significant variables.
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Table 1 : Optimization of process parameters for moringa flower powder (MFP) by RSM

Independent variable Dependent variable *
Run Temperature Pressure Time Vitamin C TAA Hygroscopicity

(O (mm/Hg ) (min) (mg) (mg/100g) (%)
1 - 55 1.5 21 291.64 457.99 1.68
2 - 65 2.5 24 259.05 434.58 1.51
3 - 65 2.5 18 281.2 451.89 1.56
4 - 55 1.5 21 291.64 457.99 1.68
5 - 65 0.5 18 289.18 456.23 1.59
6 - 45 0.5 18 265.29 438.11 1.71
7 - 55 1.5 21 291.64 457.99 1.68
8 - 45 2.5 18 260.77 434.9 1.73
9 - 55 1.5 24 266.5 439.56 1.67
10 - 55 1.5 18 305.81 460.18 1.68
11 - 45 1.5 21 252.46 427.63 1.75
12 - 65 1.5 21 274.24 449.02 1.54
13 - 55 1.5 21 291.64 457.99 1.68
14 - 55 1.5 21 291.64 457.99 1.68
15 - 45 0.5 24 242.28 417.44 1.77
16 - 45 2.5 24 238.53 409.71 1.78
17 - 65 0.5 24 269.12 443.97 1.53
18 - 55 1.5 21 291.64 457.99 1.68
19 - 55 2.5 21 279.33 446.27 1.67
20 - 55 0.5 21 283.12 452.14 1.67

*Values observed in the mean value of the three replicates.

RESULTS AND DISCUSSION

RSM model effect of freezedrying on responses of
the moringa flower

RSM models for the three response variables statistical
summarization (R? and ANOVA Estimation) were
presented in Table 2 and Eqn 2 to Eqn 4. The model
fitting using regression analysis exhibited that the
models described the relationship between the input
and output variables with regression coefficient (R*> =
Vitamin C - 0.96, TAA - 0.97 and HS - 0.95)
indicating that the predicted values were well fitted
with the actual values in the experimental conditions.
The predicted R? values were 0.77, 0.90 and 0.95 and
are in reasonable agreement with the adjusted R?
values of vitamin C - 0.93, TAA - 0.95 and HS - 0.99.
The model F value of 29.65 (Vitamin C), 47.99 (TAA)
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and 360.08 (HS) with p — values < 0.0001 implies
that the quadratic model is significant. All response
variables were statistically significant based on p -
values with 95 per cent level of significance.

The 3D plots of the group effect of the response
variables showed the synergetic effect of drying
temperature, vacuum pressure and drying time (Fig.1).
The three Independent factors have proven significant
combined effects on vitamin C, TAA and HS. In RSM
prediction, based on the desirability (0.74), the
moringa flower freeze dried at - 63.754°C for 18h
under 0.555mm/Hg vacuum pressure had an optimum
level of vitamin C - 285.84 mg, TAA - 453.20 mg
and HS 1.57 per cent 100 mg, respectively.

Whereas increasing drying temperature (- 45°C),
vacuum pressure (2.5mm/Hg) and drying time (24 h)
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vitamin C (305.81to 238.53 mg) and TAA (460.18
t0409.71 mg) were decreased and hygroscopicity (1.51
to 1.78 %) was increased. A similar trend was recorded
by Sifat et al. (2021) and Ademiluyi ef al. (2018) in
freeze-dried moringa at different temperatures. Due
to thermal deterioration and oxidation, raising the
drying temperature (- 45°C) resulted in a greater loss
of heat sensitivity nutrients such as carotene and
ascorbic acids. When drying temperature increase
above optimum level, reduction in TAA due to the
phenolic compound’s high hydrogen atom-donating
ability, increased phenolic content was associated with
better antioxidant activity at optimum temperature
(Ramarao ef al., 2022).

¥(Vitamin C) = +289.38 + 11.22(4) — 3.62(8) — 12.49(C) + 1.22(48) — 0.3800(AC)
— 0.1650(BC) — 22.57(4%) — 4.70(B*) + 0.2341(C?) ...Eqn.2

Y(TAA) = +457.68 + 3.63 (4) — 3.23 (B) —8.59 (C) + 0.3487 (AB) — 2.04 (AC)
— 1.20 (BC) —14.42 (A%) —3.54 (B*) —2.87 (€?)...Eqn.3

¥(HS) = +1.62 + 0.1307(A) — 0.007(8) — 0.015(C) + 0.0105(AE) + 0.0280(AC)

+ 0.0022(BC) — 0.0281(A%) —0.0001(B%) — 0.0001(C?)...Eqn. 4
Optimization of freezedrying for the production of
moringa flower powder by PCA

The results of the principal component analysis (PCA)
are presented in Table 3 and Fig. 2 : PCA was applied
to describe the relationship between the different
dehydration variables and to identify the most
important sources of variability viz., different drying
temperatures.

The PCA results (75.17 %) clearly showed the
variances among A (- 65°C), B (- 55°C) and C (-
45°C) of the different drying temperatures. The first
principal component, accounting for 52.15 per cent
and PC2 accounted for an additional 23.02 per cent
of the total variance resolved the different drying

Biplot (axes D1 and D2: 75.17 %)
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Fig. 2 : Dehydration characteristics variables as a function
of first (PC1) and second (PC2) principal components
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temperatures according to the dehydration
characteristics. The Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy for the PCA is 0.61.
To further investigate the contributors to the principal
components, the factor loadings in PC1 and PC2 were
compared (Table 4). The eigenvalues for the F , F, and
F, (Factor) were 3.56, 1.98 and 0.801. In factor
loading F , water solubility (0.98), rehydration ratio
(0.90) and water absorption capacity (0.86) were
positively correlated and bulk density (- 0.87), carr
index (- 0.68) and hygroscopicity (- 0.72) were
negatively correlated. Similarly, in F, and F, oil
absorption capacity (0.91) and tap density (0.69) had
a positive correlation whereas other variances had a
negative correlation. These results suggested that the
reasonable score range of the principal components
could be used for excellent sample selection according
to the correlations between the original three variables
and these two principal components.

The moringa flowers were freeze-dried at - 55°C (B)
and had 98.75% powder recovery, whereas increasing
the temperature (- 45°C) led to a lower process yield.
The water solubility index of the MFP increased
(65.53 to 78.75 %) with increasing drying
temperature. The bulk density and tap density of the
FD- MFP varied from 0.43 - 0.48 and 0.30 - 0.45¢g
cm? respectively. During the drying process, a higher
drying temperature (- 55°C and - 45°C) will reduce
the density of the powder to rapidly remove moisture.
The effects of functional characteristics such as water
absorption capacity (WAC) and oil absorption
capacity (OAC) in dried drumstick powder were
analysed. The WAC was 1.96 g at - 65°C (A), 2.09¢g
at - 55°C (B) and 2.22 g at - 45°C(C). The OAC
ranged between 4.10 g and 4.67 g at different
temperatures. The WAC was higher at 65°C, and the
OAC was higher at - 55°C, which may be due to the
protein concentration where the binding of the
hydrocarbon chains of oil to the non-polar side chains
of the amino acids (Wang et al., 2020). The values of
WAC (23.2%) and OAC (18.5%) compared
favourably with the results of spinach (4dmaranthus
hybridus) by Adeyey and Omolayo (2011).WAC is an
important dehydration characteristic that correlates to
the function of hydrophilic molecules such as proteins,
carbohydrates and dietary fibre. However, the OAC
of palmyra palm flours facilitates the improvement of
flavour and mouthfeel during food preparation (Abe
— Inge et al., 2018).
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Table 3 : Dehydration characteristics of freeze-dried moringa flower powder

Pandidurai et al

Different drying temperature

Particular

- 65°C -55°C -45°C
Powder recovery (%)97.02+2.26¢ 98.75+1.08° 08.12+2.23°
Water solubility (%)65.53+1.88° 78.75+1.64° 72.30+0.32¢
Bulk density (g cm?)0.48+0.03° 0.43+0.08* 0.44+0.02°
Tap density (g cm?)0.45+0.09° 0.30+0.04° 0.42+0.04*
Dehydration ratio (ml/g) 20.05+0.13° 21.69+0.50¢ 19.22+0.022
Rehydration ration (ml/g) 3.9240.06° 4.12+0.04* 4.38+0.12°
Water absorption capacity (g) 1.96+0.06* 2.09+0.01® 2.2240.05*
Oil absorption capacity (g) 4.10+0.16° 4.52+0.11° 4.67+0.16°
Hausner’s ratio 1.18+0.01° 1.28+0.01® 1.31+0.022
Carr index (%) 19.20+0.30° 19.51+0.58¢ 19.90+0.17°
Flowability Good Excellent Excellent
Hygroscopicity (%)1.52+0.03* 1.68+0.04® 1.714£0.02*

Table 4 : Principal Component Analysis, Eigenvalues and factor loadings

Variance Different factors

F, F, F, F, F,
Eigen value 03.56 01.98 0.80 0.53 0.20
Variability (%) 54.21 25.42 9.96 6.74 2.60
Cumulative (%) 54.21 79.63 89.59 96.33 98.94

Factor (F) loadings

Water solubility (%) 0.98 0.07 -0.03 -0.10 -0.04
Bulk density (g cm?) -0.87 -0.38 -0.05 0.10 0.27
Tap density (g cm™) -0.20 -0.65 0.69 0.19 -0.11
Rehydration ration (ml/g) 0.90 -0.18 -0.19 0.30 -0.10
Water absorption capacity (g) 0.86 0.28 0.27 0.23 0.11
Oil absorption capacity (g) 0.05 0.91 0.50 0.11 0.17
Carr index (%) -0.68 0.63 0.18 -0.18 -0.22
Hygroscopicity (%) -0.72 0.32 -0.25 0.53 -0.12

The dehydration ratio of FD-MFP ranged between
19.22 and 21.69 ml/g at different drying
temperatures. The dehydration ratio was observed
to be higher at - 55°C (B) because of the incomplete
removal of moisture and lower at - 45°C due to the
complete removal of moisture (heat air treatment).
Similarly, the rehydration ratio ranged between 3.92
and 4.38 ml/g. The rehydration ratio was observed
to be lower at - 65°C (A) due to incomplete

reabsorption.
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trend

in FD-MFP

Manju et al. (2021) found comparable patterns in
freeze-dried moringa, expressing outstanding
flowability (Hauser’s ratio and carr index)
hygroscopicity (1.50 — 1.87), dehydration ratio
(17.98 — 23.89) and rehydration ratio (3.37 — 3.72).
Potisate et al. (2015) also reported the same
having Excellent
flowability, hygroscopicity (1.25-2.30) and
rehydration ratio
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(3.82 —4.22). As aresult, the loss of water and heat
causes stress in the product’s cell structure, causing
the powder to become hygroscopic and dehydration
will reduce the dimensions of freeze-dried moringa
flower powder.

CONCLUSION

In RSM, the developed model response R? values were
0.96 (Vitamin C), 0.97 (TAA) and 0.95(HS) of freeze
dried moringa flower powder. Based on response
surface and desirability (0.74) functions, moringa
flower freeze-dried at - 63.75°C for18 h under 0.55
vacuum pressure had an optimum level of vitamin C
285.84 mg/100g, TAA 453.20 mg/100gand HS 1.57
percent 100 mg. The optimal drying temperature of -
55°C results in improved dehydration features and a
high powder recovery (98.75%) as well as great
flowability. Based on the findings, freeze drying can
be considered as one of the best drying techniques to
preserve the nutritional quality features of moringa
while also being an efficient and effectively utilized
for the entire food processing industry. Moringa flower
powder, which has been freeze dried, can be used to
make novel functional foods. Moringa-infused food
products will be ideal for commercialization and will
help to reduce the nutritional deficit in the community’s
most vulnerable residents.
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ABSTRACT

Optimization of process parameters is a critical requirement in food processing and food
product industries for the development of highly acceptable product. Quantification of mass
transfer kinetics under different processing conditions is essential step for optimizing the
osmotic dehydration process. A Box-Behnken Design (BBD), adopted from response surface
methodology (RSM) approach was used for evaluating and quantifying the moisture loss and
solids gain kinetics of aonla segments in salt solution during the osmotic dehydration process.
The independent variables were fixed at three levels (salt concentration- 2, 4, 6% process
temperature - 45, 50, 55°C and process time - 60, 120, 180 minutes). The process responses
were water loss percentage (WL %) and solids gain percentage (SG%). Validation experiments
were conducted at optimum conditions to verify predictions and adequacy of the models. The
optimum conditions predicted were 5.02% salt concentration, 54.8 °C temperature and 60.64
minutes process time to attain a desired effect of maximum water loss (6.42%) and minimum

solid gain (1.09%) in osmotic dehydration of aonla in salt medium.

Keywords: Aonla, Optimization, Osmotic dehydration, Response Surface Methodology

INTRODUCTION

Phyllanthus emblica L. (aonla), which is
indigenous to tropical India and Southeast Asia is
one of the most indispensable crops in various
traditional and folk systems of medicine. Being rich
in ascorbic acid and bioactive constituents (ellagic
acid, chebulinic acid, gallic acid, chebulagic acid,
apigenin, quercetin, corilagin, leutolin, efc.), it has
been recognized as an excellent source of anti-
oxidants to consider as significant dietary source
and explored for therapeutic potential against
various diseases (Nashine et al., 2019; Alsahli et
al., 2021). The area and production of aonla in
India was estimated to be 92 (000 hectares) and
1039 (000 MT) respectively (NHB, 2019). To
increase the shelf-life of aonla fruits many methods
or combination of methods had been tried that
undergo phases of high temperature and time
combinations. These significant high temperature
processing would impair fresh quality of the food

and hence result in the products without original
flavor, color and textural attributes after
rehydration (Alam et al., 2010).

Being highly perishable in nature and highly astringent
in taste, it demands processing and value addition for
enhanced shelf life to extend its availability throughout
the year (Liu et al., 2012). Dehydration is found to
be a preferred technique to preserve the aonla fruits
in the context of producing the high-quality shelf-
stable fruit products to enhance the product
availability and extend the marketability (Li et al.,
2019). Since osmotic dehydration is considered as a
pre-treatment to aonla dehydration that can improves
nutritional, sensorial, and functional characteristics of
fruit without altering its integrity, it is exploited
effectively (Gantait et al., 2021). The process
optimization and product quality improvement should
be focused well to achieve target specifications. In
spite of the numerous researches that have been
undertaken on this subject, it is still hard to establish

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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general rules about the variables that influence the
osmotic dehydration. Rate of water loss and solid gain
which are the intrinsic aspects of the mass transfer
kinetics depends on both operating conditions and kind
of cellular microstructure, as well as on the product
form in which it was pretreated (Pandiselvam et al.,
2021). Mass transfer rate upsurges with product
surface area and rise in temperatures. In contrast, the
ratio of water loss to solid gain depends on the
concentration of solute and its molecular weight
(Pravitha et al., 2022). Furthermore, the use of solutes
of high molecular weight enables water loss at the
expense of solid gain. The driving force for moisture
diffusion is the high osmotic pressure employed by the
osmotic medium. The moisture diffusion is
accompanied by a concurrent counter-flow diffusion
of solutes from the osmotic medium to the fruit matrix.
Since the membrane for the osmotic process is not
perfectly selective, native solids present in the cells can
also be leached into the osmotic solution.

The optimization of the osmotic dehydration
process is usually executed to guarantee the rapid
processing conditions for development of a product
with acceptable quality and achieve a high
throughput capacity (Sharma et al., 2020). Several
studies have been carried out to evaluate the
influence of process variables (concentration of the
osmotic solution, process temperature, processing
time, agitation, food geometry, medium to sample
ratio, etc.) on the mass transfer kinetics of
conventional osmotic dehydration processes
(Tiroutchelvame et al., 2015). It is important to
note that these variables can only be altered over a
restricted range, outside of which they adversely
affect the quality even though the mass transfer
rates may be enhanced (Souraki et al., 2012;
Herman-Lara et al., 2013). Hence, there is a
requirement to determine the optimum operating
conditions that increases the mass transfer rates
without affecting the quality (Garcia-Segovia et al.,
2010).

With this framework, response surface methodology
(RSM) is an important tool in process and product
improvement which enables the determination of the
relationship between the response and the independent
variables. It is characteristically utilized for mapping
a response surface over a particular region of interest,
optimizing the response, or for selecting operating
conditions to achieve target specifications (Box and
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Draper, 1965; Myers et al., 1989; Myers et al., 2016;
Beegum et al., 2018; Pandiselvam et al., 2019;
Pandiselvam et al., 2022).

The objective of the present study was to quantify
the effect of salt concentration, process
temperature, and contact time on the moisture loss
and solid gain during osmotic dehydration of aonla
segments using a “Box Behnken Design”.

MATERIALS AND METHODS
Procurement of fruits

Freshly harvested aonla fruits of commercial
variety “Krishna” of appropriate maturity (large-
sized, sound fruits with adequate flavor and gloss,
uniformity in color) procured from ICAR-Indian
Institute of Horticultural Research, Bengaluru
farms. Fresh mature fruits with uniform size, free
from injuries, bruises, insect damages and diseases
were used in this study.

Optimization process

Based on the literature reviews independent variables
for this study were selected as concentration of osmotic
solution, process temperature and treatment duration
which were found to influence the quality of the final
product appreciably (Eren and Kaymak-Ertekin, 2007;
Alam et al., 2010).The independent osmotic process
variables and their levels in the form of coded
variables for three-factor three level response surface
analyses are given in Table 1.A three-factor three level
Box-Behnken design model with three replicates at the
central point, which gives 15 experiments was selected
to study the influence of processing parameters on
mass transfer attributes (Table 2).The levels of
processing parameters were chosen as independent
variables: Osmotic solution concentration, Treatment
temperature, and Process duration; whereby each of
these variables was tested at three different coded
levels: low (““ 1), medium (0), and high (+1). Outcomes
of preliminary trials were aided in setting the range
of these independent variables. The responses
considered attaining optimum condition were water
loss (WL) and solid gain (SG) as these are the
combination of significant processes or fluxes co-
occurring, determining the attainment of equilibrium
in osmotic dehydration process as a unit operation and
also important for both quantitative modeling and
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knowledge of the kinetics of mass transfer in the
system.

Osmotic dehydration experimental setup

The desired concentration of osmotic solution of salt
(2-6%) was prepared and 150g of aonla segments were
immersed in beaker containing osmotic solutions (600
ml) of varied temperatures (45-55 1), fruit to solution
ratio (1:4 w/v) in order to ensure that the concentration
of osmotic solution did not change significantly during
the experiment and contact time of 60-180 min. From
the preliminary experimental results obtained from
experiments conducted in the laboratory, the process
variables and their ranges were selected. The osmotic
dehydration process was carried out in a temperature-
controlled chamber (Digital Multi Chamber Water
Bath (Model-WMB 306, Daihan Scientific Co., Ltd).
The experiments were carried out in randomized
replicated order to minimize the variability in the
observed responses due to extraneous factors. All the
experiments were performed in triplicate and the mean
value was used for the determination of mass transfer
parameters.

Osmotic dehydration process

For each experiment, known weight of aonla segments
were put in the glass beakers having calculated volume
(as per STFR-Solution to fruit ratio of 1:4) of osmotic
solutions of different concentrations pre-set at the
desired temperature by water bath at atmospheric
pressure. This dehydration process was carried out in
a water bath with temperature ranges from 45-55 °C
to make the process effective. At the specified times
the aonla segments were removed from the osmotic
solutions and rinsed with water to remove surplus
solvent adhering to the surfaces. These osmotically
dehydrated aonla segments were then spread on the
absorbent paper to remove free water present on the
surface. A proportion of pre-treated aonla segments
(58 g) were used for determination of dry matter by
oven method (AOAC, 2000). The remaining part of
each sample was dried to final moisture content of 10
% (wet basis) using hot air drier (Tray dryer, TD-2A,
CM Envirosystems Pvt. Ltd) pre-set at 60°C air
temperature.

Determination of mass transfer properties

In osmotic dehydration, both water loss and solid gain
take place concurrently. The reduction in weight is
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attributed to the loss of water from the sample and
increase in the weight of the sample due to solute gain
from the osmotic solution. The evaluation of mass
transfer between the solution and samples during
osmotic dehydration process were estimated by using
the parameters such as water loss % (WL) and solid
gain % (SG) and the parameters were calculated by
using the following equations (Sridevi and Genitha,
2012)

(Wo — Wt)

WL(%) = x 100

SG(% 3t 59 100
=——X

(%) =370

where, M, = initial mass of the sample (g); W = initial

water mass of the sample (g); W= water mass of the

sample (g) after dehydration; S, = initial dry mass of

the sample (g) and S= dry mass of the sample (g) after

dehydration

Microstructure analysis

The fresh, and osmotically treated aonla segments
were examined using scanning electron microscopy
(SEM) in order to determine the effect of osmotic
dehydration process on the microstructural changes of
the tissue. Samples were cut into cubes with a sharp
blade and mounted on aluminium SEM stubs and fixed
it. The microstructure of the tissue was examined by
a scanning electron microscope (Hitachi, TM3030
plus) and the images were recorded at the
magnification of 250X (Mayor et al., 2008).

Experimental design

An experimental plan and further statistical analysis
of data with regression model fitting for each response
were carried out by using response surface analysis
with Box-Behnken Design (BBD), SAS Statistical
Software package version 9.3 (SAS Institute, Cary
NC). Response values were analysed by fitting the
data in a second-order polynomial model. The
generalized second-order polynomial model proposed
for predicting response variables is given as: Y=B+
B1X1+ BZX2+ BSX3+ BIZX1X2+ BI3X1X3+ BZ3X2X3+
BIZX 12+B22X22+B32 X32

In this equation, Y represents the dependent variable

(the estimated response) and Xi (i = 1-3, 1-
C(concentration), 2-T(Temperature), 3-t(time))
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represent the independent variables. Coefficients of the
polynomial were represented by B (constant term), B,,
B, and B, (linear coefficients for C, T and t
respectively), B, %, B, and B, * (quadratic coefficients),
and B,,, B, and B,, (interactive coefficients). Model
adequacy by ANOVA. The fitness of the models was
further affirmed based on statistical parameters such
as coefficient of determination (R?), F test value and
lack of fit. Interaction effects of independent variables
were pictorially represented by 3-D response surface

1 o 1 1 1 fa ab

VARIABLE FACTORS WITH THEIR LEVELS &
SELECTION RESPOMNSES

CODING OF FACTORS

EXPERIMENTAL
ESIG BBD or CCD DESIGNS

PREDICTED MODEL

CONSTRUCTION VALIDATION WITH ANOVA

DETERMINATION OF
OPTIMAL CONDITION

GRAPHICAL REPRESENTATION &
EXPERIMENTAL VALIDATION

Fig. 1 : Step-wise procedure adopted for response
surface methodology analysis

procedure adopted for response surface methodology
analysis is given in Fig.1.

Model optimization and validation

Optimization of independent variables was performed
by multi-criteria methodology with the analysis of
Derringer function or desirability function (Bezerra et
al., 2008). Further validation of the optimization was
performed by comparing predicted and experimental
value. The deviation between these two can be
assessed by calculating absolute error by using
equation as below:

Experimental value —Predicted valug

Absolute error (%) =

Predicted value

100
RESULTS AND DISCUSSION

The observed values of response variables are given
in Table 2. The generalized second-order polynomial

Sujayasree et al

model proposed for predicting response variables were
generated. The data was analyzed employing multiple
regression technique to develop a response surface
model. A second order model with and without
interaction terms were tested for their adequacies to
describe the response surface and R? values were
calculated. The models were compared based on their
coefficient of determination (R?), adjusted coefficient
of determination (R? -adj), predicted coefficient of
determination (R? -pred), and the probability (p) of
lack of fit. All two models (WL and SG) were tested
for their adequacy using ANOVA technique. F-values
for the lack of fit were nonsignificant (p < 0.01)
thereby confirming the validity of the models. The
significant terms of the response variable were
determined by ANOVA and given in Table 3.

Effect of process variables on responses

The mass transfer parameters i.e., water loss (WL)
and solid gain (SG) reflecting as one of the quality
attributes of aonla during osmosis. The rate of water
loss during osmotic dehydration depends upon the
solution temperature, solution concentration, and
immersion time (Alam and Amarjit ,2010; Salimi et
al., 2020; Pinto et al., 2021; Zeghbib et al., 2022).

Effect of osmotic dehydration process parameters
on the water loss (WL %)

WL is a major parameter of mass transfer that shows
the efficiency of the osmotic dehydration process. A
wide variation in all two responses was observed for
different experimental combinations from 1.76 to 6.08
% in WL. The maximum value (6.25%) of water loss
was observed for experimental combination of salt
concentration of 6%, treatment temperature of 55! and
treatment duration of 120 minutes (Table 2). Among
the process variables studied, the concentration
witnessed maximum effect on water loss. It can be
seen that water loss was found to be significantly
affected by concentration individually, (p < 0.01) and

Table 1 : Coded and uncoded values of process variables and their levels during osmotic dehydration of

aonla segments in salt solution.

Independent Variables Coded Levels -1 0 +1
Solution concentration, % X, 2 4 6

Temperature, °C X, 45 50 55
Time, minutes X, 60 120 180

X,» X, X;: Coded independent variables
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Table 2 : Outline of the experimental design matrix and observed values of response variables

Independent variables Responses
Treatment run Concentration Temperature Time WL SG
(%) (°O) (minutes) % %
1 2 45 120 1.85 0.22
2 4 55 180 2.64 0.76
3 2 50 60 1.75 0.25
4 4 45 180 2.08 0.66
5 4 50 120 2.21 0.85
6 6 50 60 6.03 1.00
7 6 55 120 6.25 1.07
8 2 50 180 1.80 0.33
9 4 55 60 6.05 1.22
10 6 50 180 6.08 1.24
11 4 50 120 2.21 0.85
12 4 45 60 2.06 0.74
13 4 50 120 2.21 0.85
14 2 55 120 1.76 0.35
15 6 45 120 5.11 1.56

X, X, Xy Coded independent variables; WL: Waterloos; SG: Solid gain

Table 3 : ANOVA of the second order polynomial
models of the various responses.

ANOVA WL % SG %
Mean of response 3.33 0.79
RMSE 0.79 0.21

R? 0.94 0.90

Adj- R? 0.82 0.71
PRESS 50.17 3.56
Model F value 8.45 4.81
P value 0.01% 0.04%
Lack of fit 0.93%8 0.96%

S - Significant at 1-5%; NS - Non-significant

in the quadratic and interaction terms on water loss,
whereas other factors such as temperature, time and
its interactions found non-significant effect on water
loss (Table 4).

Second order response surface model resulted in
significant (P<0.06) estimates for the factor
concentration and its interaction as tested by their
corresponding student t-test value being significant
(P<0.05) (Table 4). The RSM solution is minimum
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for the response WL at 1.16 corresponding to the
critical values of 2.38,46.15 and 107.26 for
concentration, temperature and time, respectively. All
three linear terms, interaction and quadratic terms of
solution concentration (C) showed a significant (p <
0.05) influence in the model prediction of WL (R? =
0.94). WL was significantly influenced (P < 0.05) by
the variation in salt concentration only with
insignificant linear, quadratic and interaction terms of
temperature and time. Presence of interaction of
process variable WL with concentration, temperature
and time variables as seen in the plots justified for the
choice of RSM with interaction effect as constructed
(Fig. 3). The sign and magnitude of the coefficients
indicate the effect of the variable on the response.
Negative sign of the coefficient means decrease in
response when the level of the variable is increased
while positive sign indicated increase in the response.
Significant interaction suggests that the level of one
of the interactive variables can be increased that of
other decreased for constant value of the response
(Draper and Hunter,1966; Montgomery, 2004). From
Table 4 and Fig. 3, levels of salt concentration were
in positive correlation with WL in both linear and



interaction terms. The increasing trend of WL with
solute concentration could be due to the enhanced
osmotic pressure gradients. Comparable results
showing the enhancement of the solution concentration
resulting in an increase of the osmotic pressure
gradients and, hence, higher WL in solutions
(Cichowska et al., 2018).

Effect of osmotic dehydration process parameters
on solid gain (SG %)

A wide variation in all two responses was observed
for different experimental combinations from 0.22 to
1.56 % in SG. The maximum value (1.56%) of solid
gain was observed for experimental combination of
salt concentration of 6%, treatment temperature of
45°C and treatment duration of 120 minutes. It can
be seen from Table 4 that solute gain was found to be
significantly affected by concentration individually (p
< 0.01) whereas in the quadratic and interaction terms
showed non-significant effect on solid gain. Studies
elucidated similar findings that in osmotic dehydration,
the concentration gradient between the intracellular
fluid and osmotic solution create a difference of
osmotic pressure, which leads to diffusion of water and
solid molecules through the semi-permeable membrane
of this fruit to achieve osmotic equilibrium, thus
increase in solute concentration led to increases in SG
(Wiktor et al., 2022).

Summary of fit and actual vs predicted plot analysis

RSM is able to capture 93.8% and 89.6% of model
response using the experimental runs considered for
three response factors each at three level as discussed
earlier, which is also supported graphically for WL
and SG respectively. In the Actual-by-Predicted Plot
(Fig. 2), the mean line falls outside the bounds of the
95% confidence curves (red-dotted lines), which tells
you the model is significant. Results of ANOVA table
revealed that the model can adequately express the
response variable (Prob(F) being <0.05) which is also
evident with the results of lack of fit (Prob(F) being
>0.05). PRESS (Prediction Residual Error Sum of
Squares) statistic value along with low PRESS root
mean square error (RMSE) of 1.82 too indicated that
least prediction error at this solution and supported
that the model fits well for the runs considered (Table
3). As the F-values for the lack of fit were non-
significant (P<0.05), the model adequacy is well
attained.
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The prediction formula as elucidated below, were used
to construct surface plots individually for WL and SG
by considering two independent variables at a time.
Cursory look into the various surface plots too
revealed that the maximum water loss to the extent of
6.42 % and maximum solute gain of 1.08 %, which
corresponds to optimum level of 5.02 %, 54.8°C and
60.64 minutes for concentration, temperature and time,
respectively.

Prediction formula for Water loss (WL %):

Y,=2.21+2.03875 * ((C - 4) / 2) + 0.7 * ((T - 50)
/5) +-0.41125 * ((TIME - 120) / 60) + (C - 4) / 2 *
(T - 50)/ 5 *0.3075 + (C - 4) / 2 * (TIME - 120) /
60 * - 1.11022302462516¢-16 + (T - 50) / 5 * (TIME
- 120)/ 60 * -0.8575 + (C-4) /2 *(C-4)/2 *1.12
+(T -50)/5 * (T -50)/5 *0.4125 + (TIME - 120)
/ 60 * (TIME - 120) / 60 * 0.585

Prediction formula for Solid gain (SG %):

Y, =0.85 +0.465 * ((C - 4) / 2) + 0.0275 * ((T - 50)
/ 5) +-0.0275 * ((TIME - 120) /60) + (C - 4) / 2 *
(T - 50) /5 * -0.155 + (C - 4) / 2 * (TIME - 120) /
60 * 0.04 + (T - 50) / 5 * (TIME - 120) / 60 * -0.095
+(C-4)/2%(C-4)/2%-0.095+ (T -50)/5* (T
- 50) / 5 * 0.045 + (TIME - 120) / 60 * (TIME -
120) / 60 * -0.05

Where, Y1: Solid gain (%); Y2: Water loss (%); C:
Concentration of the salt solution (%); T: Temperature
of the process (°C)

Optimization of osmo-dehydration process

Only a significant and precise model can supply
reliable and essential information for optimizing the
results (Ade Omowaye et al., 2002; Romero et al.,
2022). The predictive models are used to generate
response surfaces within the experimental range.
The response surface plot is the theoretical three-
dimensional plot (3D surface) showing the
relationship between the response and the
independent variables (Bezerra et al., 2008; Yuan
et al., 2018). It is a two-dimensional screen of the
surface plot, in which, ranges of constant dependent
variables are drawn in the plane of the independent
variables (Alam and Singh, 2010; Shameena et al.,
2019). Fig.4 shows the response surface plot of
aonla WL rate under the effects of input parameters
of osmotic temperature, time, and solute
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Fig. 3 : Interaction profiles of WL and SG with process variables

Table 4 : Regression coefficients of the quadratic polynomial for salt during optimization

Coefficients WL % SG %
Intercept 2218 0.85%
C (2,4,6) 2.038758 0.465%
T (45,50, 55) 0.7 0.0275N8
Time (60,120, 180) -0.41125Ms -0.0275Ms
C*T 0.3075N8 -0.155M8
C*Time -1.11e-16M8 0.04Ms
T* Time -0.8575Ms -0.095M8
C*C 1.128 -0.095M8
T*T 0.4125 0.045s
Time*Time 0.585N8 -0.05N8

* Significant at 1 and 5% by t-test; S-Significant; NS-Non-significant
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concentration, considering the interactive effect of
variables. Some profiles for the quadratic response
surface plot in the optimization of the two
parameters were obtained by keeping the other
parameter at zero levels for WL rate in order to
visualize the interaction effect of the two factors
on the response. The osmotic stress may
consequence in disruption of cell membrane and
thereby enhanced the cell permeability, enabling the
mass transfer between fruit matrix and osmotic
medium. Thus, by increasing salt concentration,
solute diffusivity can attain a maximum level, with
succeeding drop thereafter. In addition, at higher
concentrations, the solids could collect faster on
surface of product, causing an extra hindrance for
mass transfer causing least rate of solid gain (Eren
et al., 2007; Herman-Lara et al., 2013).

Optimization of independent variables was
performed by multi-criteria methodology with the
analysis of Derringer function or desirability
function showed that the prediction profiler
constructed with high desirability of 0.82
corresponding to maximum water loss to the extent
of 6.42% and minimum solid gain of 1.08% which
corresponds to optimum level of 5.02%, 54.8! and
60.64 min. for concentration, temperature and time,
respectively (Fig.5). The prediction profiler is a
way to interactively change variables and look at
the effects on the predicted response.

Validation studies

Osmotic dehydration experiments were conducted
at the optimum process conditions (at concentration
of 5.02, temperature of 54.58! and process time of
60.64 min.) for testing the adequacy of model
equations for predicting the response values. The
observed experimental values (mean of 3
experiments) and values predicted by the equations
of the model are presented in Table 5. Therefore,
it could be concluded from above discussion that
model is quite adequate to assess the behavior of
the osmotic dehydration of aonla. The fitted values
predicted by the models were compared with the
experimental data. Under these optimal conditions,
the experimental value of WL and SG rate is
consistent with the predicted value with 1.09% and
3.66% difference respectively (Liu and Peng, 2017;
Pravitha et al., 2021; Bchir et al., 2020). Perusal
of results presented in Table 5 showed minimal
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deviation between observed and predicted values for
both the responses, which further strengthen the
conclusion drawn about the suitability of the model
developed.

Adequacy of the models
Residual analysis

Even though, the F-values for the lack of fit were
non-significant (p < 0.05) which clearly shows the
model adequacy, residual analysis is done to
confirm the developed model to make sure that it
gives a sufficient approximation to the actual values
residual is the difference among the observed and
fitted values (Table 6). Model generated residuals
were subjected to detailed residual analysis as sole
reliance of R? and adjusted R? is not enough to
ensure the repeatability of the RSM results. Run
test statistic Z value in both the cases being less
than 1.96, showed that the residuals are randomly
distributed. Also, Shapiro-Wilk test statistic value
of near to unity for both the response variables too
ensured that the residuals are normally distributed.
These two conclusions further strengthen the
adequacy of RSM models constructed in this study.

Microstructure analysis

The image analysis enabled to show how far the
solid penetrates inside the fruit and to estimate the
shrinkage factor of the fruit during the osmotic
dehydration (Rodrigues and Fernandes, 2007).

Fresh sample: It appeared as a compact structure
comprising of swollen cells intimately bonded each
other through extensive cell-to-cell attachments
(Fig. 6a) with a greater degree of cell
compartmentalization and small intracellular spaces
of fresh tissue were noticed (Nunes ef al., 2008).

Osmotically treated sample: It is observed that
osmotic dehydration process (at optimal condition)
altered the tissue structure compared to the
untreated samples (Fig. 6b). The cells were
observed shrunk and distorted and their contour
seemed irregular and wrinkling probably due to the
solubilization of polysaccharides that constitutes
the cells walls (Brochier et al., 2015). Also, the
water loss and the pre-concentration of salt on the
surface of the tissue during the process caused
shrinkage and tissue collapse. Furthermore, water
loss induces the plasmolysis of cells and solid gain
gives consistency to the tissues. There are several



%
G
R

g
PRomoioN OF ™

Optimization of factors influencing osmotic dehydration of aonla segments

Pred Farmula SG

Fig. 4 : Tllustration of profile for the quadratic response surface plot in the optimization of
two variables for WL and SG

405

J. Hortl. Sci.
Vol. 17(2) : 397-410, 2022



Sujayasree et al

008
o
>
R

<
o,
" Prouorion of ¥

WL
857
5866

6.4285
7

SG

1.097155
+0.468883

Desirability
0822051

Cc T TIME Desirability

Fig. 5 : Prediction profiler for optimized conditions

Table 5 : Predicted and experimental values of response at optimum process conditions for osmotic
dehydration of aonla.

Variance Predicted value *Experimental value Absolute error (%)
Water loss (WL) 6.42 6.35 1.09
Solid gain (SG) 1.09 1.13 3.66

*Experimental values were expressed by average value in triplicate for eliminating the experimental errors.

A B

Fresh_Amla2724 2019/03/08 10:23 NL MD6.5 x250 300 pm Salt_Amla2727
ICAR-IIHR Virology Lab ICAR-IIHR Virology Lab

2019/03/08 10:28 NL MD5.8 »250 300 pm

Fig. 6 : a) Fresh aonla b) Osmotically treated (salt) aonla
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Table 6 : Predicted and experimental values of responses at optimum conditions for salt medium.

Concentration Temperature Time WL | SG Predicted RES Predicted RES
(%) (°C) (Minutes) | % % SG SG WL WL
2 45 120 1.85 | 0.22 0.15 0.07 1.31 0.54
4 55 180 2.64 | 0.76 0.75 0.01 2.64 0.00
2 50 60 1.75 | 0.25 0.31 -0.06 2.29 -0.54
4 45 180 2.08 | 0.66 0.89 -0.23 2.95 -0.87
4 50 120 2.21 | 0.85 0.85 0.00 2.21 0.00
6 50 60 6.03 | 1.00 1.16 -0.16 6.37 -0.34
6 55 120 6.25 | 1.07 1.14 -0.07 6.79 -0.54
2 50 180 1.80 | 0.33 0.17 0.16 1.47 0.34
4 55 60 6.05 | 1.22 1.00 0.23 5.18 0.87
6 50 180 6.08 | 1.24 1.18 0.06 5.54 0.54
4 50 120 2.21 | 0.85 0.85 0.00 2.21 0.00
4 45 60 2.06 | 0.74 0.75 -0.01 2.06 0.00
4 50 120 2.21 | 0.85 0.85 0.00 2.21 0.00
2 55 120 1.76 | 0.35 0.52 -0.17 2.10 -0.34
6 45 120 5.11 | 1.56 1.39 0.17 4.77 0.34

WL: Water loss; SG: Solid gain; RES WL: Residual water loss; RES SG: Residual solid gain

experimental findings in the literature that are
consistent with our claims regarding the occurrence
of cell structure modification during osmotic
processing (Delgado et al., 2005).

CONCLUSION

Response surface methodology was found effective for
process optimization of parameter using Box-Behnken
response surface design was successfully employed in
this investigation to estimate and identify the optimal
osmotic condition in order to prepare osmotically
dehydrated aonla segments using salt solution as an
osmotic agent. From the experimental results, second
order polynomial models were developed for the
responses (water loss and solid gain). The regression
equations obtained can be used for optimum conditions
for desired responses within the range of conditions
applied in this study. The F-values for the lack of fit
were non-significant (p < 0.05) which clearly shows
the model adequacy. Graphical techniques, in
connection with RSM, aided in locating optimum
operating conditions, which were experimentally
verified and proven to be adequately reproducible. The
results exhibited that osmotic solution concentration,
process temperature and process time have significant
effects on the osmotic dehydration process of amla.

Response surface methodology was employed to model
the effects of the process parameters on the quality
attributes of the soaked product and an optimal
combination of 5.02% salt concentration, 54.8!
temperature and 60.64 min. process time to attain a
desired effect of maximum water loss (6.42%) and
minimum solid gain (1.09%) in osmotic dehydration
of aonla in salt medium.
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Tomato late blight yield loss assessment and risk aversion with resistant hybrid
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ABSTRACT

Late blight (Phytophthora infestans) is one of the devastating diseases of tomato worldwide.
Field trial was carried out in Kharif 2019 and 2020 in Hesaraghatta, Bengaluru, Karnataka,
India, to estimate yield loss due to late blight and to assess extent of protection in resistant
genotype during late blight epiphytotics. Yield loss was calculated as per cent difference in
yield between fungicides treated and unprotected plots in three F1 hybrids NS501, Arka
Rakshak, both susceptible genotypes and Arka Abhed, a resistant genotype. Over two years,
average yield loss due to late blight was 79.47 per cent in NS501, 75.53 per cent in Arka
Rakshak and 12.84 per cent in Arka Abhed. With lower mean AUDPC values (147.22 in 2019
and 469.17 in 2020) and with low yield loss, Arka Abhed provided affordable protection
against late blight. Our findings indicate late blight as an economically important peril to be
considered for tomato yield loss coverage under insurance scheme in Bengaluru region. Arka
Abhed hybrid can be cultivated to avert yield loss risk associated with late blight epiphytotics.

Keywords: Arka Abhed, resistance hybrid, tomato late blight and yield loss.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is a widely
cultivated vegetable crop in India. Karnataka is one
of the major tomato producing states in the country.
In 2017-18, Karnataka state accounted for 10.54 per
cent of the total production of the country (NHB,
2021). Tomato production is limited by several biotic
stresses. Among biotic stresses, late blight disease
caused by Phytophthora infestans (Mont.) de Bary is
a devastating disease on tomato in India and
worldwide (Fry et al., 2015). Tomato late blight has
emerged as a major production risk in tomato
cultivation in southern hills and plains including
Karnataka. Under severe epidemics, crop loss up to
100 per cent has been reported (Chowdappa et al.,
2013).

In India, crop insurance scheme implies yield
insurance. Tomato crop yield loss is covered under
Pradhan Mantri Fasal Bima Yojana (PMFBY) and
Restructured Weather Based Crop insurance Scheme
(RWBCIS). Comprehensive risk insurance is provided
to cover yield losses due to non-preventable risks,
among other widespread pests and disease attack in
standing crop from sowing to harvesting (Anon.,
2021).

To consider tomato late blight disease as an important
peril under insurance scheme, scientifically validated
data on yield loss are required in a particular
geography. Previously 100 per cent crop loss due to
late blight in tomato due to A2-13 mating type of
Phytophthora infestans in southern plains and hills has
been reported as per rapid roving survey observation
(Chowdappa et al., 2013; 2015). Currently there are
no reports in India with data generated on yield loss
assessment due to late blight based on crop cutting
experiments. In this context, field trials were
undertaken at I[CAR-Indian Institute of Horticultural
Research, Hesaraghatta, Bengaluru, India during
Kharif 2019 and 2020, with two objectives viz., 1) to
estimate the magnitude of tomato yield loss due to late
blight disease ii) to assess resistant hybrid as risk
management option against late blight epiphytotics.

MATERIALS AND METHODS
Estimation of yield loss

Two season field trials were undertaken in
Hesaraghatta farm of ICAR-Indian Institute of
Horticultural Research, Bengaluru (13.1362° N,
77.4980° E). The trials were conducted in Kharif
(July-December) 2019 and 2020 under natural
epiphytotics of late blight.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



Field experiment was laid out in 2 factorial
randomized complete block design. Factor 1 was
tomato genotypes with three levels. The three tomato
F1 hybrids were NS501, Arka Rakshak and Arka
Abhed (H-397). The second factor was fungicide
protection with two levels, i.e., with and without
fungicide protection against late blight as treatments.
Each treatment was replicated four times.

These three hybrids were selected as they have
relatively different degree of resistance against major
diseases of tomato, so that effect of other disease on
yield loss estimation is minimal. Among three hybrids,
hybrid NS 501 is tolerant to bacterial wilt and TLCV
but susceptible to early and late blight. Arka Rakshak
has resistance against leaf curl, bacterial wilt and
moderate resistance against early blight, but it is
susceptible to late blight. Arka Rakshak was chosen
to minimize the effect of other diseases on yield loss,
which might occur even with pesticide usage. The third
hybrid chosen was Arka Abhed (H-397), which has
disease resistance to tomato leaf curl disease (7y-
2+7Ty3), bacterial wilt (Bwr.12), early blight and late
blight (Ph-2 + Ph-3) and has field tolerance to
bipartite Tomato leaf curl New Delhi virus
(ToLCNDYV) (Kaushal et al., 2020). Arka Abhed was
included in the experiment, to test the relative efficacy
of this hybrid to be adopted as a strategy against this
disease risk to get assured yield in conditions of late
blight epidemics.

Each plot measured 3m x 3m, with 20 plants were
transplanted on raised beds and covered with reflective
agriculture mulch film (30p) at spacing 100 cm x 45
cm. Twenty-five-day old tomato seedlings at 3-4 leaf
stage were transplanted on 21% July in both the years.
The crop was raised with staking and drip irrigation.
Fertilizer application and weed management were
made as per package of practices of ICAR-Indian
Institute of Horticultural Research, Bengaluru, for
open field cultivation of tomato (Sadashiva et al.,
2018).

Yield loss was calculated by subtracting yield from a
plot protected with fungicides and one without
fungicide protection. To protect tomato plants from
late blight, a total of five sprays of dimethomorph 50%
WP (1.2 g/L) + mancozeb 75%WP (2 g/L),
fenamidone 10% + mancozeb 50% WG (3 g/L) and
famoxadone 16.6% + cymoxanil 22.1% SC (1 ml/L),
fosetyl Al 80 WP (80% w/w) (1 g/L), were sprayed
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at weekly interval until final harvest. All these
fungicides have label claim for use on tomato in India
(DPPQS, 2021). A control plot without any fungicide
protection against late blight was maintained in each
hybrid with four replications.

To exclude other pests additional sprays of following
pesticides were given; Spinosad 45.00% SC (0.32 ml/
L), indoxacarb 14.50% SC (1.34 ml/L), imidacloprid
17.80% SL(0.5 ml/L), azadirachtin 01.00% EC
(10000 ppm)(3 ml/L), streptomycin sulphate 90% +
tetracycline hydrochloride 10% SP (500ppm), neem
Soap (10 g/L), to manage, bacterial leaf spot, South
American tomato pinworm, fruit borer and sucking
pests.

Fruit yield data from all the pickings from each plot
was pooled and expressed as t ha'. At each harvest,
observations on marketable and non-marketable fruits,
incidence of late blight infection on fruits was
recorded. In addition, ancillary observations on
incidence of early blight, tomato GBNV, and
infestation of South American tomato pin worm and
tomato fruit borer on fruits were recorded. Yield loss
was calculated as the difference between actual yields
recorded in plots with fungicide protection and
unprotected plots (Cooke et al., 2006) using the
formula,

Yield loss(%) = ((Yp —Yup )/Yp) X 100

Where Yp=yield recorded in protected plot, Yup=yield
recorded in unprotected plot

Disease assessment

Late blight severity was assessed at weekly intervals
from transplanting to final harvest on five randomly
selected plants tagged in a plot. Severity on leaves was
assessed by using 0-5 scale where, 0=no symptoms,
1=1 to 11% disease (midpoint 6%), 2=12 to 38%
disease (midpoint 25%), 3=39 to 61% disease
(midpoint 50%), 4=62 to 88% disease (midpoint 75%),
5=89 to 100% disease (midpoint 95%) (Seidl-Johnson
et al., 2015). Per cent disease index (PDI) was
calculated based using the formula,

Sum of all numerical disease rating

PDI = X100
Total number of observations ¥ Maximum disease grade

From multiple severity assessments made at
periodical intervals, Area under disease progress
curve for each variety was worked as per equation
(Wilcoxson et al., 1975).
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1
A= ————xd
2(8i +8Si—1)

Where, Si=disease severity at the end of week 1, K =
the number of successive evaluations of disease and
d=interval between two evaluations.

Statistical Analysis: Disease severity index data was
subjected to Arcsine transformation before calculating
AUDPC values. The data were subjected to ANOVA
at 5 per cent significance level by SPSS software.
Yield loss and disease severity data were subjected to
ANOVA for statistical significance among different
treatments at significance level 5 per cent using SPSS
software.

RESULTS AND DISCUSSION
Yield loss assessment

The results on marketable yield and yield loss in two
years are presented in Table 1. Significant difference
in yield was observed between varieties and level of
protection. This may be attributed to inherent yielding
potentials of the varieties and efficacy of plant
protection schedule applied in both the years. Yield
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loss in Kharif 2019 was less compared to Kharif 2020.
This may be attributed to higher disease incidence of
late blight recorded in 2020 (Table 2).

Over two years, average yield loss due to late blight
was 79.47 per cent in NS501, 75.53 per cent in Arka
Rakshak and 12.84 per cent in Arka Abhed. In India,
severe tomato late blight epidemics have been recorded
during 2009-2010 in South Indian plains and hills by
Chowdappa et al. (2013), during 2014 in eastern and
northeastern India (NEI) by Dey ef al. (2018) and
during 2016 in eastern Uttar Pradesh by Tripathi et
al. (2017). In all these reports there was no yield loss
estimation except for reports from South India plains
and Hills, where 100% crop loss is reported as per
rapid roving survey observation. Our data establishes
that late blight is an inevitable risk in Kharif
cultivation of tomato causing considerable yield loss
in Bengaluru region if resistant genotypes are not used.
The yield loss data generated will pave way for
inclusion of this peril under Pradhan Mantri Fasal
Bima Yojana (PMFBY) of India for yield coverage.

Disease assessment

Data on disease severity on three varieties during 2019
and 2020 Kharif season are presented in Table 2. Data

Table 1 : Tomato late blight yield loss estimation in Kharif 2019 and 2020 at Hesaraghatta, Bengaluru

Kharif 2019 Kharif 2020

Marketable Yield Mean Marketable Yield Mean Average

Treatment yield (t/ha) loss (Variety) yield (t/ha) loss (Variety) yield
(%) (%) loss (%)

P* UP P UP
Arka Rakshak 70.94 | 19.98 | 71.92 45.46 61.47 | 12.82 79.14 37.15 75.53
NS-501 53.84 | 13.25 | 75.39 33.55 48.12 7.92 83.54 28.02 79.47
Arka Abedh 61.25 | 53.14 | 13.65 57.20 55.12 | 48.50 12.02 51.81 12.84
Mean
(Protection) 62.01 | 28.79 - - 5490 | 23.08 - - -
Variety SeM = 1.87, CD = 5.63 SeM = 3.15, CD = 9.51
(pd<0.05) eM = 1.87, =5. eM = 3.15, =9,
Protection SeM = 1.52, CD = 4.60 SeM = 2.57, CD = 7.76
(pd<0.05) e =105, LD =4 eM =2.57,CD =7.
Variety*
protection SeM = 2.64, CD = 7.97 SeM = 4.46, CD = 13.45
(pd<0.05)
CV (%) 11.81 22.48

*P=protected UP=Unprotected
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Table 2 : Tomato late blight severity in Kharif 2019 and 2020 under fungicide protected and
unprotected conditions

Sandeep et al

Kharif 2019 Kharif 2020
Per cent disease index (PDI) Per cent disease index (PDI)
Treatment M M
ean ean
P up (Variety) P up (Variety)
Arka 13.89 54.44 34.17 25.83 72.50 49.17
Rakshak (21.88) (47.55) (34.72) (30.55) (58.37) (44.406)
NS-501 18.33 61.11 39.72 27.50 74.17 50.84
(25.34) (51.42) (38.38) (31.63) (59.45) (45.54)
Arka 8.34 12.22 10.28 6.67 17.50 12.09
Abedh (16.78) (20.46) (18.62) (14.96) (24.72) (19.84)
Mean 13.52 42.59 - 20.00 54.72 -
(Protection) (21.33) (39.81) (25.71) (47.51)
Variety B B B B
(pd<0.05) SeM = 1.42, CD = 4.27 SeM = 1.29, CD = 3.89
Protection SeM = 1.16, CD = 3.49 SeM = 1.05, CD = 3.17
(pdS0.0S) (& — L. s - J. (& — 1. s - J.
Variety*protection B B B B
(pd<0.05) SeM = 2.01, CD = 6.04 SeM = 1.83, CD = 5.49
CV (%) 13.12 9.95

*Value in the parenthesis is arcsine transformed values of per cent disease index. First year peak severity data on September 12,
second year peak severity on November 24. P=protected UP=Unprotected

analysis revealed significant effect of varieties and
level of protection on severity of late blight. In 2019,
significantly lower disease severity was recorded with
variety Arka Abhed, which was statistically superior
over Arka Rakshak and NS501, which were at par
with respect to late blight severity. Similar trend was
observed in 2020 except for higher disease severity
recorded in second year. The higher incidence in
second year may be attributed to build up of soil borne
inoculums and prevailing favorable weather
conditions. In susceptible varieties, late blight severity
ranged from 54.44 to 74.17 over two years. In a trial
on four years evaluation of integrated management
packages for management of tomato diseases at
Hesaraghatta, late blight was recorded as the
predominant disease during 2015-18 Kharif season
(Kumar et al., 2020). The current and previous works
substantiate that Bengaluru region is a natural hot spot
of tomato late blight disease.

In our experimentation, even with protective
application of systemic fungicides at 7 days interval,
late blight severity values in fungicide protected plots
ranged from 8.34 to 18.33 in 2019 and 6.67 to 27.50

in 2020. This is due to prevailing continuous rains that
might have reduced the bioefficacy of fungicides
applied. This is in conformation with work of Rani
et al. (2015) that simulated rainfall after spray reduced
persistence and bioefficacy of fungicides viz.,
metalaxyl 8%+ mancozeb 64%WP, mancozeb
75%WP, which are widely used against late blight
management in tomato. In Kharif tomato production,
where weather events like continuous rains limits
fungicide and protection against late blight. In such
situations, Arka Abhed, a resistant F1 hybrid
developed at ICAR-IIHR can be used as an effective
component to get assured yield with reduction in input
costs incurred on usage of protective and curative
fungicides.

In two consecutive season’s evaluation in Hesaraghatta
under high disease pressure, the hybrid Arka Abhed
had significantly recorded low AUDPC values (147.22
and 469.17 in 2019 and 2020 respectively) compared
to higher AUDPC values of susceptible genotypes viz.,
Arka Rakshak (997.22, 2683.33) and NS501
(1096.68, 2655.83) which were at par with each other
in Turkey’s test at 5 per cent probability (Fig. 1).
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Fig. 1 : Area under disease progress curve (AUDPC) of
tomato late blight in three varieties during 2019 and
2020 in unprotected plots under natural epiphytotics.

AUDPC values were arrived from seven disease
assessments in 2019 and six assessments in 2020.

Higher AUDPC values in 2020 can be attributed to
higher late blight severity recorded in second year.
Previous study by Hansen et al. (2014) suggests that
tomato varieties possessing both Ph-2 and Ph-3 genes
can be used to effectively manage late blight caused
by P, infestans clonal lineage US-23. In our two years
study we have found that Arka Abhed with PA-2 and
Ph-3 genes has provided affordable protection against
the prevailing late blight population 13_A2 clonal
lineage of P, infestans in Bengaluru location.

CONCLUSION

The current yield loss assessment validates late blight
as a major production constraint causing considerable
yield loss in Kharif cultivation of tomato in Bengaluru
region. Hence, late blight disease has to be considered
as an important peril and yield loss arising out of it
has to be covered under national crop insurance
programme. Based on disease prevalence data it is
clear that Bengaluru area is hot spot for late blight
disease. Tomato breeders and pathologist should
evaluate their material in Bengaluru area for
identification of resistant germplasm and testing field
efficacy of management measures evolved against this
disease. In consecutive two years, two season
evaluation, we have found that Arka Abhed is a risk
aversion technology with assured yield under late
blight epiphytotics.
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ABSTRACT

The survey was conducted during rabi season (2021) to determine the incidence of mosaic
disease of capsicum in major capsicum growing districts namely, Chikkaballapura, Kolar,
Bengaluru rural and Ramanagar. The per cent incidence of mosaic disease based on symptoms
in field was recorded, highest in Ramanagar (54.85%) and the least incidence of mosaic disease
was observed in Chikkaballapura (26.85%). Transmission and host range studies under
glasshouse conditions revealed that ChiVMYV is transmitted mechanically, Among 16 host
plants tested, 7 plant species (Nicotiana tabacum cv. Samsun, N. glutinosa, N. occidentalis,
Datura metel, Physalis floridana, S. nigrum, Capsicum annum) were infected with the Chilli
veinal mottle virus disease and the symptom could be seen in 20-25 days. The per cent
transmission of ChiVMV by aphid Aphis gossypii was studied. The results showed that
ChiVMYV can be transmitted by 4. gossypii. However, five aphids per plant showed highest
per cent transmission (100%). The effect of different dates of inoculation on different plant
growth parameters was also studied, the highest per cent disease transmission was observed
in T, Inoculation 15 days after sowing (100.00%).

Keywords: Aphis gossypii, Capsicum, ChiVMYV, mosaic

INTRODUCTION

Capsicum (Capsicum annum var. grossum sendt) also
called as bell pepper is an important vegetable crop.
It is known for its nutritional aspects and also for
nation’s foreign exchange. India contributes one fourth
of the world production of capsicum with an average
annual production of 1.9 mt from an area of 1.82 mha
with the productivity of 1.28 t/ha. Karnataka stands
second in area with 89 thousand ha and production
of 158 thousand tons (Anon., 2015).

Among the various biotic constraints in the production
of bell pepper, viral diseases play a major role. Bell
pepper is highly susceptible to natural infection by a
large number of viruses in addition to being susceptible
to several other diseases. Out of 42 viruses so far
reported in bell pepper, 22 are found to occur
naturally, while the rest are known to infect on
artificial inoculation. Among these, potyviruses viz.,
potato virus Y (PVY), pepper veinal mottle virus
(PVMYV), pepper vein banding virus (PVBV), chilli

veinal mottle virus (ChiVMV), pepper mottle virus
(PMYV), tobacco etch virus (TEV) are more prevalent
(Caranta et al.,1996).

Among these, Chilli veinal mottle virus (ChiVMV) is
the major prevalent virus with the incidence of 50 per
cent that reduce yield by 50 per cent worldwide
(Hussain et al., 2008). Further, the ChiVMYV is
transmitted mechanically and also through aphid
vector (Aphis gossypii) and found to infect several
plant species and induces characteristic systemic
mottling symptoms within 7 to 14 days of inoculation.

Several abiotic and biotic stresses affect the
productivity of chilli pepper crop worldwide. More
than 45-65 viruses have been reported infecting the
crop worldwide (Green and Kim, 1994; Anon., 2001).
Among pathogenic diseases, viruses are the most
devastating agents of chilli pepper, causing serious
losses by reducing both fruit quality and quantity
(Kang et al., 1973; Villalon, 1975; Ong et al., 1980;
Yoon et al., 1989; Chew and Ong, 1990). Viruses
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produce various types of disease syndrome like
mosaic, mottling, leaf distortion, vein etching,
yellowing, stunting and narrowing of leaves (Green,
1991; Hameed et al., 1995; Anon., 2001). Chilli
veinal mottle virus (ChiVMV) is the major virus
infecting chilli pepper reducing yield losses up to 50%
(Joshi and Dubey, 1973; Ong et al., 1980).

MATERIALS AND METHODS
Survey

A roving survey was conducted during rabis season
to determine the incidence of mosaic disease in
major capsicum growing districts of Southern
Karnataka (Chikkaballapura, Kolar, Bengaluru
rural and Ramnagar). Plants were observed for the
typical symptoms viz., yellowing, mosaic
symptoms, mottling etc. During the survey, type of
symptoms was recorded at different fields and
samples were collected. For each one acre of field
five sites were randomly selected (10m % 10m) and
the average disease incidence was calculated using
the following formula.

Per cent disease incidence (PDI) =

Number of infected plants 100
Total number of plants observed

Serological survey

The samples brought from the field were subjected to
serological assay using CMV and ChiVMYV antiserum
adopting the DAC-ELISA procedure (Hobes et al.,
1987).

Host range

To identify the natural reservoirs of the virus
different hosts viz., tomato, brinjal, chilli, potato,
Nicotiana tabacum cv. Samsun, Nicotiana
glutinosa, Nicotiana occidentalis, Solanum
nigrum, and others like Chenopodium quinoa,
Datura metel, D. stromanium, Physalis minima,
Physalis floridana and Gomphrena globosa and
also the other weed hosts were sown in polythene
bags of 3 X 6" size and seedlings were raised with
standard agronomic practices and seedlings of 25-
30 days old were used for sap inoculation. The host
plants were inoculated by following the procedure
described by (Noordam, 1973) and the inoculated
plants were observed for symptom expression under
insect proof cages for upto 30 days.
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Vector transmission

The experiment was carried out to know the aphid
transmissibility of ChiVMYV using Aphis gossypii, as
per the procedure explained by Damiri et al. (2013).
The healthy aphid (4. gossypii) colony was first raised
on the cotton host plant under greenhouse conditions
(25-270C). The vector aphids were carefully collected
in plastic Petri plates and starved for 60 min. in Petri
plates lined with black paper on both sides. Later
allowed for 5 min. acquisition feeding on ChiVMV
infected capsicum leaves, followed by brief inoculation
feeding period of 1-3 min. on healthy capsicum plants.
After that aphids were killed by spraying with systemic
insecticide and the plants were then placed in insect
proof conditions in greenhouse at 25-27°C and
observed for symptom expression upto 30 days and a
set of uninoculated plants were maintained as control.

Loss estimation

To know the impact of ChiVMV on per cent
transmission, plant growth and yield. The experiment
on loss estimation was carried out using the
susceptible capsicum var. Indra. The experiment was
conducted in green house conditions using CRD design
with nine treatments and three replications with
standard agronomic practices using the pots of 9 x 12"
cement pots. The artificial sap inoculation was done
at fifteen days intervals viz., T, Inoculation 15 days
after sowing, T,: Inoculation immediately after
planting, T,: Inoculation 15 days after planting, T,:
Inoculation 30 days after planting, T,: Inoculation 45
days after planting, T,: Inoculation 60 days after
planting, T.: Inoculation 75 days after planting, T,:
Inoculation 90 days after planting, T,: Control. The
observations on per cent transmission growth and yield
parameters viz., plant height (cm), number of
branches, number of fruits, fruit weight and per cent
disease transmission were recorded at the time of
harvest, the data was analyzed statistically.

RESULTS AND DISCUSSION

Survey

In random survey carried out in south Karnataka, in
Kolar district of 32.99 average per cent disease
incidence was recorded, and it ranged from 14.85 to
47.42 per cent. In Chikkaballapura district the average
per cent disease incidence was 20.25 and it ranged
from 7.99 to 26.85 per cent and in Ramanagar district
the average per cent disease incidence was 27.42 and
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it ranged from 26.28 to 54.85 per cent and in
Bengaluru rural district the average per cent disease
incidence was 29.24 and it ranged from 27.42 to 36.56
(Table 1). This difference may be attributed to different
climatic factors, vectors activity, different cultivars and
different cultivation practices followed. It may also be
due to variation in plant protection practices followed
by the farmers, low quality seeds (Hameed et al.,
1995), and similar work carried Laxminarayana
Reddy (2006), conducted survey and reported the
ChiVMYV incidence ranged from 5.3 to 81.5 per cent
in Karnataka, 7.6 to 31.7 per cent in Andhra Pradesh,
5.7 to 47.6 per cent in Tamil Nadu, 5.9 to 25.3 per
cent in Kerala and 7.5 to 37.8 per cent in Maharashtra.
Therefore, the natural incidence of Chilli veinal mottle
virus disease would vary from field to field in the
surveyed area.

Host range

To identify the natural reservoirs and those susceptible
to virus, the host range study of the virus was
conducted. Out of sixteen different plant species used
in the study (Table 2). Seven plant species viz.,
Nicotiana tabacum cv. Samsun, Nicotiana glutinosa,
Nicotiana occidentalis, Daturametel, Physalis
floridana, Solanum nigrum, Capsicum annum were
infected with the ChiVMV and the symptoms could
be seen in 20-25 days (Table 2). The infection was
confirmed by DAC-ELISA. Similar work was
conducted by Siriwong ef al. (1995) reported that host
range of ChiVMV is restricted to Solanaceae family.
The present results are in accordance to those reported
by Moury et al. (2005) i.e., three isolates of ChiVMV
induced systemic mosaic symptoms on N. occidentalis,
N. glutinosa but none infected Solanum melongena.
Brunt et al. (1996) reported that N. glutinosa is
diagnostically not a susceptible host but our findings
show that this host species was susceptible and
developed mosaic symptoms and was found positive

in DAC-ELISA. Similar results have also been
reported by Ong et al. (1979). Brunt (1996) reported
that Gomphrena globosa and Nicotiana glutinosa is
diagnostically not a susceptible host but in our case
Nicotiana glutinosa became susceptible and developed
mosaic symptoms and was DAC-ELISA positive.

Vector transmission

To find out the vector transmissibility and per cent
transmission of ChiVMYV by aphid 4. gossypii was
used for the transmission of Chilli veinal mottle
virus using susceptible capsicum cultivar Indra.
The results showed that ChiVMV could be
transmitted by A. gossypii. Further, five aphids per
plant showed highest per cent transmission (100 %)
followed by four aphids per plant (80 %), three and
two aphids per plant (60 %) and one aphid per plant
(40 %) (Table 3). The chilli veinal mottle virus was
readily transmitted by sap inoculation and also by
aphid vector namely 4. gossypii, which resembled
potyvirus, reported by Mariyappan et al. (1973)
and Bidari (1982). Jeyarajan and Ramkrishnan
(1969) reported 4. gossypiias the sole vector of
potyvirus on bell pepper and chilli. This virus, on
young leaves of capsicum produced green vein-
banding, leaves are smaller and distorted, stunted
and have dark-green streaks on their stems and
branches. The symptoms were similar to those
produced by potyvirus on chilli and bell pepper as
reported by earlier workers (Prasad Rao, 1979;
Bidari, 1982 and Pandurangegowda, 1989). The
ChiVMV was readily transmitted by sap
inoculation to chilli and other herbaceous hosts. The
virus was also transmitted in a non persistent
manner by the aphids namely, 4. gossypii, A.
craccivora and Myzus persicae and no seed
transmission was observed (Satyaprakash and
Singh, 2006).

Table 1 : Average per cent disease incidence of capsicum mosaic disease in different districts in

Southern Karnataka

Per cent disease incidence
District
Average Range
Kolar 32.99 14.85-47.42
Chikkaballapura 20.25 7.99-26.85
Ramanagar 27.42 26.28-54.85
Bengaluru rural 29.24 27.42-36.56
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Table 2 : Host range of mosaic disease caused by ChiVMYV under laboratory conditions

Host No of Symptoms ELISA ELISA
plants Absorbance reaction
inoculated (+/-)
Nicotiana tobacum cv. Samsun 5 Necrotic lesion 3.08 +
Nicotiana glutinosa 5 Severe Mosaic 3.40 +
Nicotiana occidentalis 5 Mild Mosaic & 2.87 +
vein banding
Datura metel 5 Severe Mottling & 3.51 +
rat tail
Physalis floridana 5 Sever Mottling 3.02
Solanum nigrum 5 Mild Mosaic 2.45
Capsicum annum 5 Mild mosaic 2.32
Solanum melongina 5 Nil 0.42 -
Solanum tuberosum 5 Nil 0.38 -
Solanum lycopercicum 5 Nil 0.23 -
Chenopodium quinoa 5 Nil 0.25 -
Datura stromonium 5 Nil 0.52 -
Physalis minima 5 Nil 0.34 -
Gomphrena globosa 5 Nil 0.65 -
Stachy terpeta 5 Nil 0.42 -
Passiflora foetida 5 Nil 0.53 -
ChivMV - - 1.53 -
(Positive
check)
Healthy - - 0.56 -
Table 3 : Vector transmission of ChiVMYV by using the aphid- Aphis gossypii
No. of No. of No. of Per Days required
aphids plants plants cent for symptom
per plant inoculated infected transmission expression
1 10 4 40 20-21
2 10 6 60 19-20
3 10 6 60 19-20
4 10 8 80 19-20
5 10 10 100 19-20
Control
(uninoculated) 10 0 0 0

Loss estimation

To know the impact of stage of inoculation on per cent
transmission and on plant growth and yield, the plants
were inoculated artificially as explained in the material
and methods. It revealed that the dates of inoculation

420

J. Hortl. Sci.
Vol. 17(2) : 417-423, 2022

on plant growth parameters such as plant height and
number of branches and per cent transmission differed
significantly over different dates of inoculation
(Table 4). The maximum reduction of plant height was
observed in T, (22.06 cm) and maximum height was
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Table 4 : Loss estimation in capsicum due to ChiVMYV under polyhouse conditions
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Plant No. of No. of Average Per cent
Treatment height branches/ fruits/ fruit weight disease

(cm) plants plants (g incidence
T- 15DAS 22.06 0.66 0.00 0.00 100.00
T,- 30DAS 25.83 1.73 1.66 7.93 99.00
T,- 15 DAT 33.56 2.60 1.86 22.93 99.00
T,- 30 DAT 51.10 3.46 2.37 45.83 98.66
T,- 45 DAT 49.87 3.60 2.60 61.63 91.33
T,- 60 DAT 50.37 3.40 4.13 79.67 72.00
T,- 75 DAT 52.64 3.53 4.27 100.43 71.33
T,- 90 DAT 54.06 4.13 6.06 101.26 44.66
T,- Uninoculated 55.22 4.23 8.04 133.13 0
(Control)
S.Em =+ 0.74 0.08 0.16 0.62 1.05
CD @ 5% 2.21 0.26 0.48 1.86 3.14

Note: DAS- Days after sowing, DAT- Days after transplanting

found in T (55.22). Similarly, maximum reduction in
number of branches found in T, (0.66) maximum
number of branches was found in T, (4.23) (Table 4
and Fig.1).

There was significant difference with respect to
number of fruits per plant observed among the
treatments (Table 4). Maximum reduction of fruits per
plant were noticed in T, (0.00) and maximum number
of fruits per plant was found in T, (8.04) (Table 4 and
Fig.1). Data pertaining to average fruit weight differed
significantly over different dates of inoculation and
similar trend was observed in T, (133.13) (Table 4
and Fig.1).
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Fig. 1 : Effect of different dates of inoculation on
growth and other characters
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Per cent transmission

Highest per cent disease transmission was observed
in T, (100.00 per cent) followed by T, and T, (99 per
cent each), T, (98.66 per cent), T, (91.33 per cent),
T, (72 per cent), T, (71.33 per cent) and T, (44.66
per cent) and the rate of transmission and the impact
was decreased with the increase in age of the plant
and they differ significantly (Fig.1).

The infection occurs at later stages, the extent of
reduction in yield and plant height was less. Sastry
and Singh (1976) reported that ToLCV infected plants
produced very few fruits when infected within 20 days
after planting and resulting up to 92.30 per cent yield
loss. While plants infected at 35 and 50 days after
transplanting resulted in 82.9 and 74.0 per cent yield
loss, respectively. Similar results were reported by
Reddy et al. (2010).

CONCLUSION

It is concluded that since the infected plants cannot
be cured and the early infection leads to severe
reduction both in yield and quality, early-stage
protection of the crop both in nursery and in the main
field is important in order to reap the better yields.
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ABSTRACT

There is growing interest in the application of ultraviolet (UV-C) energy to control crop
pathogens. In the present study, the efficacies of UV-C treatments for controlling cucumber
downy mildew (Pseudoperonospora cubensis) were investigated on a commercial farm in
eastern Massachusetts, USA. Controlled doses of UV-C, delivered by a tractor-mounted array
of sources, between 120 and 480 J-m? were applied and compared to conventional fungicide
treatments as well as to untreated controls, for each of two consecutive years (2020 and 2021).
Visual assessments of foliar disease severity in the trial plots were made several times from
planting through the end of productive life. In contrast to the successful control of powdery
mildew, the UV-C treatments for controlling cucumber downy mildew were not as successful
as conventional fungicides. None of the UV-C treatments affected the overall progression rate
of downy mildew once the disease became apparent, although disease onset was delayed
slightly compared to untreated controls. This delay may have been due to UV-C induced
resistance to infection by the host. Unlike powdery mildews, downy mildew spores from P.
cubensis are darkly pigmented, possibly decreasing the efficacy of the UV-C treatments for
controlling the disease. DM spores may also be only susceptible to UV exposure prior to
encysting in the leaves of the host, thereby perhaps limiting the window of opportunity when
UV-C treatments can be effective. Although not the primary focus of this study, the use of
reflective mulch appeared to delay disease onset relative to black mulch in fields with significant
sunlight exposure, perhaps due to lowering plant stress by maintaining a lower soil

temperature.

Keywords : Crop pathogens, cucurbits, downy mildew and ultraviolet energy

INTRODUCTION

Pseudoperonospora cubensis is the oomycete
pathogen responsible for cucurbit downy mildew It
can infect many cucurbits such as cantaloupe,
pumpkin, watermelon, and squash, but cucumber
is particularly susceptible. In the United States, use
of resistant cucurbit varieties was an effective
means of control of downy mildew until 2004,
Since then, effective control has depended upon
chemical fungicides in addition to planting resistant
varieties (Savory et al., 2011).

P cubensis is spread by means of aerially dispersed
sporangia. When viable sporangia land on a host leaf,
they germinate in moisture on the leaf’s surface
producing biflagellate zoospores that encyst in stoma

where a germ tube is formed that penetrates the leaf’s
surface through the stoma. Hyphae form in the
mesophyll layer and produce clavate-branched
haustoria in the host’s cells. When sporulation is
triggered, sporangiophores emerge through stomates
bearing sporangia at their tips. When released, these
sporangia are carried by the wind and the life cycle
repeats at the next site.

Both visible light and ultraviolet (UV) energy have
been reported to reduce the viability of fungal spores
(Rotem et al., 1985; Kanetis et al., 2010). UV has
been particularly effective for controlling powdery
mildew (Patel et al., 2020; Skinner et al., 2020;
Onofre et al., 2021). Unlike powdery mildew
however, downy mildew spores are darkly pigmented
with melanin (Lee ef al., 2021), a strong absorber of

8 ®@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
BY NC SA

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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UV (Meredith and Sarna, 2006), which reduces the
potential for damage from natural UV solar energy
(Cordero and Casadevall, 2017).

UV energy can be classified into three bands, UV-A
(315-400 nm), UV-B (280-315 nm) and UV-C (100-
280 nm). Sunlight reaching the surface of the earth is
limited to the longer UV wavelengths, and the amount
and spectrum depends upon weather, latitude, and
season. UV energy in all three bands can be produced
by electric sources. Today, low pressure discharge
sources are the most common; however, LED sources
will undoubtedly displace them in the next few years.

UV energy can inactivate viruses, bacteria, and fungi
through several different mechanisms (Nelson et al.,
2018). UV-C in the range of 250 to 270 nm acts
directly on nucleic acids (RNA and DNA) within the
cell (Nelson et al., 2018). When a UV photon is
absorbed, the molecular strands become broken and
dimers (molecular lesions) are formed. These dimers,
typically thymine dimers, prevent cellular replication
unless repaired (Kneuttinger et al., 2013). In fact,
every organism has nucleic acid repair mechanisms.
UV-C can also induce secondary reactions within the
cell when a photon is absorbed by an endogenous
chromophore and subsequently produces free radicals
which, in turn, breakdown one or more vital cellular
functions. UV-B and UV-A can also induce these
secondary reactions. Generally, the longer the UV
wavelength, the higher the dose needed to induce
secondary endogenous photocatalytic inactivation.
Secondary inactivation can also occur through
exogenous photocatalysis. Photocatalysts like TiO,,
with moisture, will also produce free radicals that can
kill bacteria and fungi by damaging cell walls, thus
disrupting their permeability (Ramesh et al., 2016).

Most plants and their obligate parasites have evolved
mechanisms that limit cellular damage from natural
UV (Sancar, 1994; Cordero and Casadevall, 2017).
Pigmentation that absorbs UV energy and then
dissipates it as heat is one protective mechanism,
minimizing damage to DNA. Pigmentation can also
reduce the number of photons available for absorption
by chromophores within the cell that might initiate
lethal, secondary reactions. Melanin is the most widely
recognized putative protective pigment in fungi
(Cordero and Casadevall, 2017), with high absorption
throughout the UV spectrum (Meredith and Sarna,
2006). Unlike powdery mildew fungi that are devoid
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of melanin (Suthaparan et al., 2012), some downy
mildew sporangia such as P. cubensis (Lee et al.,
2021) have high concentrations of protective melanin.
PM incorporates a different protective mechanism that
entails upregulating a photoactivated (short visible
wavelength) repair mechanisms for UV-induced
cellular damage (Sancar, 1994).

UV treatments have been particularly successful for
mitigating obligate powdery mildew in a variety of
crops (rose, strawberry, cucumber, etc.). Of particular
note, nighttime applications of UV have been shown
to be more efficient than daytime applications at
similar doses (Suthaparan et al., 2012). As noted
above, powdery mildew has a short-wavelength
sensitive repair mechanism which works quite well for
pathogen survival because visible light is always in
the same solar spectrum as UV. By providing only
nighttime UV-C exposure, the powdery mildew
pathogen has no access to its short-wavelength repair
mechanisms. Through field trials, it has been shown
that UV-C doses at night between 100 J'm? and 200
Jm? can be more effective and less expensive than
conventional fungicides for limiting the proliferation
of powdery mildew (Onofre et al., 2021).

In the present study we wanted to learn more about
the effects of UV-C on mitigating cucurbit downy
mildew. Rotem et al. (1985) exposed three different
types of spores with increasing pigment density to
short wavelength UV energy. Not surprisingly, they
found that the spores with higher pigment density were
less sensitive to the effects of UV exposure. Based on
these findings, we expected that UV-C doses higher
than those applied to control powdery mildew would
likely be needed to be effective because of high
concentrations of protective pigment in downy mildew
spores. Of some concern, we wanted to determine
whether UV-C doses higher than those previously used
might reduce yield from the host plant. To further our
understanding of the potential for UV-C to control
downy mildew, we added a UV-reflecting mulch to the
study. The reflective mulch would not only increase
the effective dose but would also redistribute the UV-
C to surfaces otherwise in shadow. In addition to better
understanding the direct effects of UV-C on controlling
downy mildew, we also wanted to see if there was
evidence for UV-induced resistance to infection by the
host (Kunz et al., 2008; Paul et al., 2012), the idea
being UV-C exposure prior to the presence of downy
mildew in the field might reduce either the severity or
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delay the onset time of infection. Additionally, since
P cubensis sporangia may only be susceptible to UV
treatment prior to encysting in host leaves, both once-
and twice-weekly treatments using different UV doses
were investigated.

MATERIALS AND METHODS

UV-C Treatment Device

A tractor three-point hitch mounted UV-C treatment
attachment (aka the “Dragon”) was designed to treat
one crop row at a time. The unit consisted of an array
of six 300 W UV-C fixtures [four UV-C lamps
(TUV75W/HO, Philips) per fixture, each fixture
powered by 2 two-lamp ballasts (Pure VOLT IUV-
2S60-M4-LD, Philips/Advance)], which were
arranged in a hemi-cylindrical manner arching over the
row of plants (Fig. 1). The power to operate the light
fixtures was provided by an on-board gasoline
powered inverter generator (iGen 2600, Westinghouse
Outdoor Power Equipment). Vinyl curtains with a UV
reflective foil tape (76145A62, McMaster-Carr)
applied to the inner side were installed on both ends
of the enclosure to help contain the UV-C within the
treatment attachment and to redirect it back into the
unit.

Since the output of the UV-C array is fixed, prescribed
dose levels were obtained by varying the speed of the
tractor over the crop. The speeds required to achieve
the specific doses were verified by driving the UV-C
attachment over an integrating UV-C logger.A ground
speed of approximately 4.0 km-hr'(2.5 MPH) was
required to achieve 120 J-m?and 2.0 km-hr'(1.25
MPH) to achieve 240 J-m2. The 480 J-m dose level
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was achieved by making two passes at the 240 J-m?
ground speed. The UV-C logger used was designed
and built by the research team. It consisted of a
UV-C detector and a microcomputer housed in a
weather resistant housing with the detector located
under a UV transparent window. The microcomputer
recorded the output of the UV-C detector to a memory
chip once every 10 ms. The duration and amount of
UV-C irradiance incident on the detector was used to
compute dose.

Plastic Mulch

Black (BioTelo, Heartnut Grove Inc.) and reflective
mulch (Brookdale Farm Supplies) were used to make
the beds in the study plots. The reflectance of both
mulch types was measured at 254 nm and 436 nm to
determine their reflectance of UV-C and a short visible
wavelength (Table 1).

Table 1 : Reflectance at two wavelengths of the
black and the reflective mulches

Reflectance
Mulch Type
254 nm 436 nm
Reflective 66% 75%
Black 5% 1%

Year 1 Field Trials

The focus of the first-year field trial was to identify
a combination of UV dose and frequency of
application that was effective for controlling
cucurbit downy mildew without negatively affecting
yield. In addition, we wished to evaluate the
efficacy of UV dosing for mitigating downy mildew
with UV-reflective mulch relative to black mulch.

Fig. 1 : (Left) Cutaway end view of the UV-C enclosure showing placement of the fixtures.
(Right) UV-C treatment attachment mounted to a tractor and shown positioned over an unplanted row.
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Effectiveness of the field application of UV-C for cucumber downy mildew control

Three levels of UV dose (120 J'm?, 240 J-m2, and
480 J-m?) were selected and each of these doses
were applied once or twice weekly (i.e., on
Mondays and Thursdays). All UV treatments and
untreated control plots were duplicated on standard
black plastic mulch and UV reflective plastic
mulch, according to the field study layout in
Fig. S1 (supplimentary data). Additionally, plots
treated with the farm’s conventional fungicide
program were included in the study to benchmark
the performance of UV-C only treatments. The
conventional fungicide treatments for downy
mildew applied during the year 1 trial are
summarized in Table 2. The various dose/frequency
combinations were distributed throughout the black
and reflective mulch blocks such that no
combination was replicated in adjacent rows. The
cucumber variety Raider F1 (Harris Seed) was used
for the first year’s field trial, since it is not a downy
mildew resistant variety and was the choice of the
producer. Raider F1 does have resistance to scab,
and intermediate resistance to angular leaf spot and
cucumber mosaic virus.

A cooperative extension agent performed the downy
mildew severity ratings by visually assessing the
percentage of leaf area covered in downy mildew
lesions (evidenced by yellowing, necrosis,
sporulation) within the whole plot. Individual leaf
inspections were then conducted on 10 leaves per
plot by inspecting both the upper and lower leaf
surfaces, to ensure the extension agent was looking
carefully at leaf symptoms and not attributing leaf
yellowing to downy mildew without evidence of
sporulation.

Year 2 Field Trials

The focus of the second-year trial was to compare the
downy mildew control efficacy of the best UV-C only
condition from the year 1 field study, the grower’s
conventional fungicide program, and a combination of
both treatment types. The treatments used were: (1)
UV-C only (480 J-m?) twice weekly, (2) weekly
conventional fungicide, (3) fungicide weekly plus UV-
C twice weekly and (4) fungicide every other week
plus UV-C twice weekly. The third treatment was
included to determine if the addition of UV-C to the
conventional weekly fungicide program would offer
additional control beyond the conventional fungicide
program alone. The fourth condition, added at the
suggestion of the participating extension agent, was
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Table 2 : Summary of conventional fungicide
applications for DM during the year 1 trial;
products listed as DM / PM are labeled for
treatment of both downy and powdery mildew.

Date Product Rate Purpose
Rampart 3.27 | L-Ha' DM
07/13/2020
Initiate 2.34 | L-Ha' DM/PM
07/22/2020 Curzate 0.51 | L-Ha™ DM
07/29/2020 Rampart 3.27 | L-Ha' DM
08/04/2020 Omega 500F 1.32 | L-Ha' DM
Rampart 3.27 | L-Ha' DM
08/13/2020
OxiDate 5.0 2.34 | L-Ha' DM/PM
08/09/2020 Ranman 0.18 | L-Ha™ DM
08/06/2020 Omega 500F 1.32 | L-Ha' DM
Rampart 3.27 | L-Ha' DM
09/01/2020
OxiDate 5.0 2.34 | L-Ha' DM/PM
Orondis Ultra 0.58 | L-Ha™ DM
09/08/2020
OxiDate 5.0 140 | L-Ha' DM/PM
Ranman 0.18 | L-Ha™ DM
09/16/2020 Rampart 3.27 | L-Ha' DM
OxiDate 5.0 1.40 | L-Ha' DM/PM

included to determine if downy mildew control could
be maintained by adding UV-C treatments while
reducing the amount of conventional fungicide
applications. The conventional fungicide treatments for
downy mildew applied during year 2 are summarized
in Table 3. Each condition was replicated in two rows
on both black and UV reflective mulch, for a total of
four replications for each treatment. The last 4.5 m
(15 feet) of one row was devoted to a control condition
with no fungicide or UV-C treatment. The layout for
this field study is shown in Fig. S2 (supplimentary
data) The cucumber variety Raider F1 (Harris Seeds)
was used again for the second year of the trial.

Each row was divided into ten sections (Fig. S2) and
assessments of percentage foliar downy mildew
severity were made within each of the 10 sections to
increase the sample size within each row. Assessments
were performed visually within a square quadrat with
61 cm (24 inch) sides, placed randomly within each
of the ten row sections using the same methodology
used in the first year. The top and bottom sides of
leaves within the quadrat were inspected to verify that
the symptoms were consistent with downy mildew in
the same manner as year 1. Assessments were
performed by a farm staff member trained to scout



Table 3 : Summary of conventional fungicide
applications made during the year 2 trial; dates
marked with an asterisk (*) indicate the products
listed were not applied to the plots that received
conventional fungicide every other week (Products
listed as DM / PM are labeled for treatment of both
downy and powdery mildew)

Date Product Rate Purpose
Ranman 0.18 | L-Ha' DM
07/21/2021
Initiate 720 2.34 | L-Ha' DM/PM
Microthiol 6.73 | kg-Ha! DM/PM
07/26/2021*
Kocide 3000 1.12 | kg-Ha'! DM/PM
08/02/2021 Previcur Flex 140 | L-Ha' DM
08/10/2021* Omega 500F 1.17 | L-Ha' DM
08/17/2021 Ranman 0.18 | L-Ha' DM
08/23/2021* Previcur Flex 1.40 | L-Ha' DM
08/31/2021* Nordox 75WG 1.23 | kg-Ha'! DM/PM
09/06/2021 Tanos 0.73 | L-Ha™ DM
Rampart 2.34 | L-Ha' DM
09/13/2021*
OxiDate 5.0 2.34 | L-Ha' DM/PM

cucurbit downy mildew by cooperative extension
agents.

RESULTS AND DISCUSSION

The sets of data from the year 1 and year 2 field trials
were analyzed in two ways. First, the area under the
disease progress stairs (AUDPS) method (Simko and
Piepho, 2012) was used to provide a composite index
of the relative impact of each treatment and control
condition on disease progression throughout the
assessment period in each year. Second, the
instantaneous foliar disease severity values (in percent)
from each assessment interval were compared among
the treatment and control conditions and fitted with
mathematical power functions to model disease
progression under each condition.

The time reference for the disease progress modeling
used in this study is based on an assumed date of
initial infection of the cucumber plants in the test plots,
based on the average duration of 4 to 12 days between
the initial infection and the first observed symptoms
in P cubensis (Salcedo et al., 2020). In the year 1
field trials, the first observations of disease occurred
on August 18" when the foliar disease severity for
untreated crops ranged from 5% to 12.5%. In the year
2 trials, the initial observations of disease occurred
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earlier in the year, on August 3%, when disease severity
values ranged from 0.1% to 1%. During the next set
of observations on August 11%, disease severity values
ranged from 1.5% to 12%; similar to the initial disease
observations in year 1. Since these two observations
in year 2 occurred 8 days apart and since Salcedo et
al. (2020) reported a range of 8 days during which
initial disease observations could be made following
infection, August 18" in year 1 and August 11" in year
2 were defined as 12 days after infection, and August
3 in year 2 was defined as 4 days after infection.

Year 1 Field Data

Fig. 2 shows the observed foliar disease severity
values for each treatment and control condition,
when black mulch was used, and Fig. 3 shows the
corresponding data for reflective mulch. Each point
in Figs. 2 and 3 is a single observation for the once-
weekly doses or the average of two observations for
the twice-weekly doses. The conventional fungicide
program in year 1 was only applied with the black
mulch, so that condition is omitted from Fig. 3.
Year 1: Black Mulch Conditions

o Fungicide
100

~-a-- Untreated

75 +-120fonce

50 120/twice

~#-- 240fonce
25

Disease Progress (%)

-~ 240/twice

- 480fonce

0
- 480/ twice

Day

Fig. 2 : Disease progress curves for year 1 under each
condition using black mulch.

Year 1: Reflective Mulch Conditions
100 5 4 Untreated
L
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+--120/once
75

120/twice
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-4~ 240fonce
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~o- 480/once

0 10 20 30
Day w4 480/ twice

Fig. 3 : Disease progress curves for year 1 under each
condition using reflective mulch.
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A four-way analysis of variance (ANOVA) was
performed on the foliar disease severity data
comprising a balanced experimental design with the
type of mulch, the UV-C dose, the dosing frequency,
and the date of assessment as independent factors.
The mulch type had a statistically significant effect
(F, ,s=15.3, p<0.05) on disease severity, as did the
date of assessment (F, ,=1184, p<0.05). There was
also a statistically significant interaction
(F,,s=8.89, p<0.05) between the mulch type and the
date of assessment on disease severity. This can be
observed from the fact that the disease severity
values for the two mulch types were similar for the
earliest and latest assessment dates but differed
around day 20.

Qualitatively, the curves in Fig. 2 also illustrate the
large difference found in year 1 between the
conventional fungicide treatment conditions and the
control and UV-C treatment conditions. Disease
severity remained under 20% under the fungicide
condition for all observation periods, whereas it
approached 90%-100% for all other conditions by
the last observation period. Generally, the
differences among the control and UV-C treatment
conditions were small, although the untreated
control condition tended to have greater disease
severity values than the UV-C conditions.

AUDPS values (Simko and Piepho, 2012) were
calculated for each condition representing each
treatment type (or control), the frequency of
application (for the UV-C treatment conditions) and
type of mulch. These values are shown in Fig. 4.
Qualitatively, Fig. 4 shows the much lower AUDPS
value for the conventional fungicide condition than for
all other conditions. It can also be seen that the
AUDPS values are usually (with one exception for 120
J-m? applied twice weekly) lower for the reflective
than for the black mulch.

A one-way ANOVA for each treatment condition in
Fig. 4 was performed showing that there were
statistically significant differences among the treatment
conditions (F,, ;=16.2, p<0.05). Tukey’s post hoc tests
were carried out among each treatment to identify
which conditions differed from the others. It was found
that the conventional fungicide treatment (with black
mulch) was statistically significantly (t=5.07 to 13.2,
p<0.05) different from all other conditions. No other
conditions differed from one another after adjustment
of Type I errors for multiple pairwise comparisons.
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Fig. 4 : AUDPS values (Simko and Peipho, 2012) for
each treatment and control condition in year 1.
The asterisk (*) for the fungicide condition indicates
that this condition was statistically significantly
(p<0.05) different from all other conditions. Vertical
error bars for the conditions are not shown
because each value is either a single measurement or
the average of two measurement values.

Considering only the UV treatment groups, the
AUDPS values could be analyzed using a three-way
ANOVA with the UV-C dose, the dosing frequency and
the type of mulch as independent variables. This
ANOVA revealed a statistically significant main effect
of mulch type (F, ,=9.80, p<0.05), but no other main
effects nor interactions among the variables. Because
the AUDPS values collapse across the date of
assessment, the result of this analysis is consistent with
the ANOVA on the disease severity values.

To identify whether and to what extent the treatment
types affected the course of disease progression, the
data in Fig. 2 and 3 were replotted in Fig.5 and 6, for
black and reflective mulch respectively, using
logarithmic axes for the abscissa and the ordinate.
(Values of zero were omitted as they could not be
plotted along a logarithmic axis.) Visual observation
suggested that the data for each condition on the log-
log plots in Fig. 5 and 6 fell approximately along
straight lines, which are represented by power
functions of the form y = ax®. The best-fitting power
functions to the data (excluding the conventional
fungicide condition) had exponent (b) values ranging
from 2.42 to 4.63, with an average of 3.19. (The
exponent for the best-fitting power function to the
fungicide condition was 0.31.) Assuming the disease
progression was similar among the UV treatment
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Fig. 5 : Disease progression values (non-zero only) for
each condition and using black mulch. Also shown are
best-fitting power functions having the form y = ax*!°. The
range of days at which disease progression reached 10%
is also indicated by the red arrows.

Year 1: Reflective Mulch Conditions
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Fig. 6 : Disease progression values (non-zero only) for
each condition and using reflective mulch. Also shown are
best-fitting power functions having the form y = ax*!°. The
range of days at which disease progression reached 10%
is also indicated by the red arrows.

conditions, a fixed exponent value of 3.19 was used
and best-fitting power functions to each set of data
were determined having the form: y = ax*!%, and these
are also shown in Fig. 5 and 6. Goodness of fit (r?)
values for each function ranged from 0.88 to 0.998.

These modeled power functions are nearly coincident
with each other, suggesting that disease progressions
for the control and for all UV-C treatment conditions
were essentially the same. Even the sets of curves for
each type of mulch differed very little from each other,
despite the statistically significant effect of mulch type
in the three-way ANOVA. Indeed, taking an arbitrary
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disease progression value of 10% to represent a
threshold for disease in these conditions, less than a
single day separates the time after initial infection at
which this observable threshold would be met between
the control and all UV-C treatment conditions (Fig. 5
and 6).

A limitation of all analyses from year 1 is the small
sample size. Only a single observation, or sometimes
two observations, were made for the control and
treatment conditions in year 1 and this may have
limited the ability to achieve statistical significance
among those conditions. With or without statistical
significance, however, the UV-C applications
employed in year 1 were not much of an improvement
over the control condition for mitigating DM disease
progression.

Year 2 Field Data

As mentioned previously, subsequent field trials in year
2 were carried out to validate the year 1 findings using
what would be expected to be the most effective UV-
C treatment, 480 J-m? applied twice weekly. Although
the 120 J-m? dose applied once weekly (with reflective
mulch) was empirically the most effective treatment,
the same treatment was not as effective with black
mulch, and collapsing across mulch type, 480 J-m?
had slightly (albeit not statistically significantly) higher
effectiveness than the other doses, and application
frequency of twice weekly was slightly more effective
than once weekly. Combinations of fungicide (using
the producer’s usual weekly application schedule or
a reduced application frequency of every other week
[EOW]) and UV-C treatments were included in year
2 to identify whether UV-C could enhance the
effectiveness of fungicide or permit fewer fungicides
to be used while providing protection against downy
mildew disease. As also stated previously, multiple
sections of each treatment row were evaluated for
disease to increase sample sizes and statistical power.

Fig. 7 and 8 show the progression of disease for each
of the control and/or treatment conditions as a function
of time (day after assumed infection as described
previously). There are two primary qualitative
differences between the data in these figures for year
2 and the corresponding data in Fig. 2 and 3 for year
1. First, there appears to be a greater separation
among the conditions in terms of the days that the
disease begins to take hold in the plants, especially
between the untreated control condition (which
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Fig. 7 : Foliar disease progression curves for year 2 under
each condition using black mulch.
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Fig. 8 : Foliar disease progression curves for year 2 under
each condition using reflective mulch.

exhibited greater than 50% foliar disease severity by
day 21, and the other conditions which exhibited less
than 20% disease severity on the same day. Second,
the disease severity for the fungicide treatment
conditions approached 80% by the end of data
collection where as in year 1, disease severity was held
to less than 20% with the application of fungicide.
(Possibly, disease severity in year 1 for the fungicide
treatment condition would have eventually increased
to nearly 100%.)

For the four treatment conditions (i.e., fungicide,
UV, UV plus fungicide, and UV plus EOW
fungicide) for which both types of mulch were used,
a three-way ANOVA was performed on the disease
severity values, with treatment, mulch type and date
of assessment as independent factors. The section
number of each row was included in the analysis
as a covariate factor to identify whether there were
any systematic differences within each row; there
were not. The treatment (F,, =118, p<0.05) and

3,761

431

J. Hortl. Sci.
Vol. 17(2) : 424-435, 2022

H

the date of assessment (F,,=1958, p<0.05) had
statistically significant main effects on disease
severity, and there was also a statistically
significant interaction between treatment and
assessment date (F , . =52.5, p<0.05). This can be
observed in Fig. 7 and 8 where the disease severity
was similar across all treatments for the first and
last treatment dates, with the most variation among
treatments for the intermediate dates. Unlike year
1, the type of mulch did not have a statistically
significant (F, __ =0.98, p>0.05) effect on disease
progression.

Mean AUDPS values (Simko and Piepho, 2012) for
each treatment and mulch condition were calculated
and are shown in Fig. 9. A one-way ANOVA was
performed to assess differences among the
conditions, which were statistically significant
(Fg 14,=45.2, p<0.05), with Tukey’s tests to assess
pairwise comparisons while controlling for Type |
errors (Supplementary data Table S1). In general,
there were no significant differences (p>0.05) in
AUDPS between mulch types for the same
condition. All conditions except for the UV-only
conditions differed significantly (p<<0.05) from the
untreated control condition (which only used black
mulch). The combination of fungicide and UV-C
treatment with the black mulch was statistically
significantly different (p<0.05) from the fungicide-
only treatment with the same mulch type,
suggesting a small impact of UV-C treatment in
conjunction with fungicide.

1,761

Year 2: AUDPS Values
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Fig. 9 : AUDPS values (Simko and Piepho, 2012) for each
treatment (UV: ultraviolet; EOW: every-other-week fungicide
application) and mulch condition in year 2. Letters above each
bar indicate non-statistically significant differences among
conditions with a common letter.



Excluding the untreated control condition, a two-
way ANOVA was performed to assess how the
treatment condition and mulch type, and the
interaction between them, affected AUDPS. Section
from 1 to 10, was included in this analysis as a
covariate to identify whether there were any
systematic differences across each of the treatment
rows; there were not. There was a statistically
significant (F, ,,=110, p<0.05) main effect of
treatment, but the mulch type did not exhibit a
statistically significant main effect (p>0.05). There
was a significant interaction (F,,,,=2.72, p<0.05)
between treatment condition and mulch type on
AUDPS; this is seen in Fig. 9 where the black
mulch resulted in somewhat higher AUDPS for the
fungicide treatment condition, but lower for the UV-
only treatment. Aside from the two-way interaction
between the treatment and mulch type, this analysis
of the AUDPS values was consistent with the
ANOVA on the disease severity values in
identifying significant differences among the
treatments but not between the two types of mulch
in year 2.

Using the same analytical procedure as for the year
1 data, the year 2 data for each type of mulch were
plotted on log-log axes (excluding zero values) and
are shown in Fig. 10 and 11. Similar to data from
year 1, these data also seem to fall along straight
lines. Using the average exponent value (b=3.19)
from the year 1 data, best-fitting power functions
of the form y = ax*!” were determined for each
condition and these functions are also plotted in
Fig. 10 and 11. Goodness of fit (r?) values for the
best-fitting functions ranged from 0.70 to 0.97 with
the exception of the untreated (with black mulch)
condition, which exhibited a somewhat different
shape of its disease progression curve compared to
the treatment conditions, as illustrated in Fig. 7 and
8. The goodness of fit value for the untreated data
was 0.024.

In general, there are two observations from these
figures in comparison to Fig. 5 and 6, which show
the corresponding model functions for year 1. First,
there was no obvious plateauing effect for the
fungicide conditions in year 2 like there seemed to
be in year 1. Disease progression for the fungicide
conditions in year 2 seemed to follow a similar
progression overall as all other conditions,
including the untreated control (albeit delayed
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Fig. 10 : Disease severity values (non-zero only) for each
condition using black mulch, in year 2. Also shown are best-
fitting power functions having the form y = ax*"°. The range
of days at which disease progression reached 10% is also
indicated by the red arrows.

Year 2: Reflective Mulch Conditions
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Fig. 11 : Disease severity values (non-zero only) for each
condition using reflective mulch, in year 2. Also shown are
best-fitting power functions having the form y = ax*>"°. The
range of days at which disease progression reached 10% is
also indicated by the red arrows.

somewhat). Second, there is somewhat more
dispersion among the modeled power functions for
year 2 than there was in year 1. For example, using
10% disease severity as a threshold for observable
disease (Fig. 10 and 11), the difference in reaching
this criterion between the worst (untreated control)
and best (UV-+fungicide) conditions were 3.8 days
for the black mulch, compared to less than 1 day
among all non-fungicide conditions in year 1 (Fig.
5 and 6). Depending upon exactly when during the
disease progression that the data were collected, the
fitted power functions in these figures may have
reflected ranges of days closer to the beginning (for
year 1) or end (for year 2) of time when disease
symptoms were progressing. These differences, as
well as the limited sample sizes underlying Fig. 5
and 6, might explain the lack of difference among
the fitted curves for year 1.



Effectiveness of the field application of UV-C for cucumber downy mildew control

The results for the field studies in each of years 1 and
2 exhibited some consistencies and some differences.
Overall, the results suggest that, for the doses
examined (up to 480 Jm?), UV by itself is not an
effective treatment for downy mildew (P. cubensis)
control in cucumbers in the field, especially in
comparison to the fungicide regimens used during this
study. Nor were there any obvious monotonic trends
in year 1 for the 120 to 480 J-m? doses as one might
expect if the lowest dose were consistently worse than
the highest dose. Possibly, higher UV doses (e.g., 1000
Jm?) might have been more effective at reducing the
severity of disease. However, higher doses than those
used in the present study might be damaging to plants,
given the reductions in cucumber leaf area observed
by Patel et al. (2020) in laboratory studies caused by
a UV-C dose from an electric light source of only 70
Jm. It would also have been challenging to deliver
larger doses with the present apparatus without making
time-consuming multiple tractor passes over the crops,
another practical limitation.

Nonetheless, the application of UV in conjunction
with fungicide treatment did show a statistically
significantly lower level of disease severity for the
black mulch conditions, corresponding to reduced
progression of downy mildew (although a
significant difference was not observed with
reflective mulch). It may be possible to reduce
fungicide treatment in conjunction with UV
treatment and achieve a level of disease control that
is consistent with current conventional practices for
fungicide application, but identifying the dosing
required to do so is not possible from the present
data. In addition, fungicidal products exist that
reduce concentrations of melanin pigment in the
treated fungi such as tolprocarb (Hamada et al.,
2014). If the presence of pigments is a factor in the
modest effectiveness of UV found in this study, it
is possible to speculate that a combination of
melanin-reducing fungicides plus UV might be more
effective than the combination of UV and fungicides
used in the present study.

Given the parallel disease severity progression
curves in Fig. 5, 6, 10 and 11, it would appear that
none of the treatments investigated in this study
altered the course of disease progression once it
was established (shown by the slopes of the curves),
but rather that they sometimes delayed it (shown
by the horizontal offsets among the curves). This
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is illustrated by the reasonably good fits of the
disease severity progression data to power functions
having the same exponent of 3.19. With respect to
the UV-C treatments investigated in this study, the
observed delays in onset of downy mildew may be
attributed to increased resistance to downy mildew
induced by the treatments prior to infection
(Bonomelli et al., 2004). Even if this could be
substantiated in further experiments, however, the
observed effect was relatively small.

Yield was not assessed precisely in the first- or second-
year trials. However, observations of yield by the
grower revealed that none of the treatments (UV at
any dose, fungicide, or combination thereof) resulted
in an observable reduction in yield relative to untreated
crops. The lack of yield reduction suggests that the
UV doses applied were below levels would result in
significant phytotoxicity in cucumber plants, even
though lower doses of 70 J m? could result in visible
leaf damage under laboratory conditions (Patel et al.,
2020). It may be possible to increase UV dose to better
control P. cubensis while still maintaining satisfactory
yield, but it seems clear that the thresholds for yield-
reducing damage to cucumber plants by UV are not
well defined. This is important, however, because as
described above, pigmented fungal spores are more
resistant to damage from UV than unpigmented spores
(Rotem et al., 1985), and P. cubensis spores contain
melanin pigment as they mature (Lee et al., 2021).
Identifying an upper limit for UV doses that do not
damage the cucumber plants would be a useful next
step in maximizing the potential beneficial impacts of
UV-C treatment for downy mildew control. Such
investigations should include precise field assessment
of crop yields as well as further laboratory studies to
identify optimal dosing parameters.

There were two main areas of inconsistency in the field
test results between years 1 and 2. First, the disease
severity for the fungicide treatment condition in year
1 did not exceed 17% whereas disease severity in year
2 for the fungicide treatment condition exceeded 85%.
However, it should be noted that disease assessment
was carried out for a greater number of days past the
assumed infection date in year 2 (41 days) than in year
1 (28 days). Indeed, on day 31 in year 2, the fungicide
treatment conditions had only exhibited 16%-26%
disease severity, not much higher than the 15%-17%
exhibited on day 28 in year 1.
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The second main inconsistency between the results for
years 1 and 2 was the impact of mulch types. In year
1, there were larger and more consistent reductions (or
delays) in disease progression with the reflective mulch
than in year 2. One possible post hoc explanation for
this comes from the locations of the fields where the
year 1 and 2 trials occurred. In year 1, the test field
was in an open area with greater exposure to sunlight,
and in year 2, the field was partially shaded by nearby
trees. Although the reflective mulch had a much higher
UV-C reflectance (66% at 254 nm) than the black
mulch (5% at 254 nm), which would be expected to
help increase the UV treatment efficacy, this did not
seem to be the case in year 2. As one might expect,
the reflective mulch also had a substantially higher
visible reflectance (75% at 436 nm) than the black
mulch (1% at 436 nm), and this could have resulted
in soil temperatures being substantially higher with the
black mulch because of much higher sunlight
absorption compared to the reflective mulch. While not
the primary focus of the present study, this suggests
that if higher soil temperatures lead to decreased
resistance to P. cubensis, reflective mulch may have
some benefit because of its solar reflectivity.
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ABSTRACT

Morphological and molecular diversity of Ganoderma species causing basal stem rot of coconut
in Southern dry tracts of Karnataka, India was carried out during 2016-17. A total of 20
isolates were isolated from Chitradurga, Chikamagalore, Hassan and Tumkur districts of
Karnataka and were identified based on morphological and molecular characteristics.
Sporocarps and diseased root bits were found as good source for isolation of Ganoderma. In
all the isolates there were high variability in cultural, morphological and molecular
characteristics. The dendrogram generated from the cultural and morphological characteristics
showed clear variations among Ganoderma isolates and formed two main clusters, one cluster
consisted of 13 isolates and another cluster consisted of 7 isolates. Several isolates showed
100 per cent similarity in the morphological characters regardless of their geographical origin.
All the Ganoderma isolates amplified a fragment of 650 bp with fungal universal primers
(ITS1 and ITS4). The ITS gene sequences of five isolates viz., CG, (MK 681870), CG,
(MK681871), CG,, (MK681872), CG,, (MK681873) and CG,, (MK681874) were deposited
in NCBI gene bank. Taxonomic comparison of the isolates with NCBI database proved that
the isolates were genetically related to Ganoderma spp. with 80-100 per cent identity. However,
all the tested isolates could not amplify G lucidum species specific markers which indicate
its absence in the region. The phylogenetic analysis of the Ganoderma isolates (ITS1 and I1'TS4)
of coconut with other known species of Ganoderma from GenBank emphasized the close
relationship with India, China and Sri Lanka isolates. The isolate CG, grouped with
Ganoderma carnosum (KR 733545.1) with 98.97 per cent identity which is isolated from Sri
Lanka and CG, and CG,, grouped with G applanatum (MF 072395.1) and G gibbosum (OM
350473.1) with 98 to 99 per cent identity and CG, and CG,, isolates of coconut grouped into
distinct sub cluster and clearly indicated the species diversity in Ganoderma infecting coconut
in Southern Karnataka.

Keywords: Coconut, DNA sequence, ganoderma wilt, ITS, phylogeny and variability

INTRODUCTION

Coconut (Cocos nucifera L.) belonging to family
Arecaceae is an important plantation crops of India
providing livelihood to a substantial number of farm
families. The versatile palm popularly known as ‘King
of Palms’, ‘Tree of Heaven’, ‘Tree of life’, ‘Tree of
Abundance’, as well as ‘God’s gift to mankind’, is
grown in more than 93 countries within an area of 12.8
million hectares and production of 10.9 m MT (copra
equivalent) in 2001. The total area and the production
in Asian Pacific Coconut Committee (APCC)

countries are estimated at 11.4 mha and 9.2 m MT
respectively, which is 90 and 84 per cent of world area
and production (Rethinam and Taufikkurahman 2002).
In India, coconut palms are grown in an area of 2.17
million hectares with a production of 20,308.70
million nuts and a productivity of 9345 nuts/ha
annually (CDB, 2019-20). Kerala ranks first in terms
of area and production followed by Tamil Nadu,
Karnataka and Andhra Pradesh, while, Tamil Nadu
ranks first in the productivity followed by Andhra
Pradesh and Kerala.

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Coconut palms are normally affected by various
biotic and abiotic stresses resulting in drastic
reduction in yields. Among the various biotic
stresses that affect coconut production in India,
Basal Stem Rot (BSR) or Ganoderma wilt caused
by Ganoderma applanatum Pers and G [ucidum
(Leys). Karst. is a major constraint in coconut
production, especially in dry tracts of Southern
Karnataka. The disease is reported from various
places all over the tropical world viz., India, Sri
Lanka, West Indies, Seycheles, Guam etc., Though
the disease was first recorded by Dr. Butler in the
beginning of 20" century and later by
Venkatanarayan (1936) from Karnataka, a severe
outbreak occurred in 1652 in Thanjavur district of
Tamil Nadu and hence named as Thanjavur wilt.
The disease is also reported from Andhra Pradesh,
Kerala, Maharashtra, Gujarat and Orissa
(Bhaskaran, 1994; Wilson et al, 1987). Ganoderma
species are important wood decaying fungi
occurring throughout the world. They are diverse
in the tropics affecting plantation crops such as
coconut, arecanut and oil palm by causing basal
stem rot (Flood et al., 2000 and Pilotti, 2005) and
they also affect ornamental and forest trees in
tropical and temperate areas causing disease and
wood rots of timber (Lee, 2000).

The taxonomy of basidiomycetes has traditionally
been based on the morphological features of the
basidiocarps. Identification based on the
basidiocarp features, however, is prone to problems
such as absence of basidiocarps during certain
times of the year, their morphological plasticity and
presence of cryptic species (Moncalvo and
Ryvarden, 1997; Gottlieb and Wright, 1999).
However, studies had shown that Ganoderma
species were genetically heterogeneous since wide
range of genetic variation were reported and caused
by out crossing over generations and different
geographical origins (Miller ef al., 1999; Pilotti et
al., 2003). This leads to variation in their
morphological characteristics even within same
species (Hong et al., 2001). For these reasons,
contemporary taxonomists employ morphological
studies, mating tests, analyses of biochemical and
DNA sequence information or combinations of
these for identification of the pathogen. Recently,
molecular approach has been adapted to identify
Ganoderma species such as through multiplex
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polymerase chain reaction (PCR) which is a more
rapid and precise approach (Idris et al., 2010;
Wong et al., 2012). Disease management is an
important aspect to sustain the palm industry.
Accurate identification of the pathogen is pre
requisite for designing management strategies.
Hence, the present study was undertaken to
investigate the diversity of Ganoderma species
isolated from BSR infected coconut palms in terms
of their molecular and morphological
characteristics.

MATERIALS AND METHODS

Collection of diseased root samples/stem bit and
sporocarps of coconut from different places of
Southern Karnataka

Different parts of the coconut palms such as
diseased root bits/stem bits affected by Ganoderma
wilt showing typical symptoms and sporocarps
were collected from infected palms from various
places of Southern Karnataka (Table 1). The
samples were labeled and packed in polythene bags
for the purpose of isolation of the causal organism.

Isolation and designation of the causal organism
isolates

Infected roots/ stem bits collected from infected
palms were washed thoroughly with sterile water
and cut into small bits/pieces and were surface
sterilized in 1 per cent sodium hypochlorite solution
for 30 seconds and rinsed with sterile distilled water
thrice serially to remove the traces of sodium
hypochlorite. After surface sterilization, diseased
specimens were kept in sterilized bags along with
wet cotton under room temperature for about 8 to
10 days. After 8 to 10 days of incubation period,
slight mycelial growth was observed and that was
transferred into potato dextrose agar (PDA)
medium. The inoculated plates were incubated at
room temperature (28 °C + 2 °C) for 3-5 days to
facilitate growth of the fungus. Later, the bit of
fungal growth was transferred to PDA slants. The
pure culture of the fungus was obtained by
following hyphal tip culture technique under aseptic
conditions. The isolated Ganoderma isolates of
coconut were designated as CG,, CG,, CG, CG,,

CG,, CG,, CG,, CG,, CG, CG,, CG,, CG,,
CG,;, CG,,, CG,, CG,, CG,, CG,, CG,, and
CGZO.
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Table 1 : Identity and designation of Ganoderma isolates of coconut and their source of collection

Source . Designation of Ganoderma
for isolation Place of collection Isolates
Sporocarp Karekodihally, Arsikere Tq. Hassan Dist. CG,
Root sample Haranahally, ArsikereTq. Hassan Dist. CG,
Sporocarp Vittalapura, ArsikereTq. Hassan Dist. CG,
Sporocarp Nagenakoppalu, CR Pattana Tq. Hassan Dist. CG,
Root sample Badarahally, Channarayapattana Tq. Hassan Dist. CG;
Root sample Belagralli, Tiptur Tq. Tumkur Dist. CG,
Sporocarp Hindiskere, Tiptur Tq. Tumkur Dist CG,
Sporocarp Thimmanahali, C.N.Halli Tq. Tumkur Dist. CG,
Sporocarp Anesidri, Hiriyur Tq. Tumkur Dist. CG,
Root sample Dharmapura(H), Hiriyur Tq. Chitradurga Dist. CG,,
Root sample Venglapura, Hosdurga Tq. Chitradurga Dist. CG,,
Sporocarp Shettihalli, Hosdurga Tq. Chitradurga Dist. CG,,
Root sample Thirumalapura Holalkere Tq. Chitradurga Dist. CG,
Sporocarp Thalakatta, HosdurgaTq. Chitradurga Dist. CG,,
Sporocarp Vaderahalli, Holalkere Tq. Chitradurga Dist. CG,,
Root sample Doddanaramangala, Tumkur Tq. Tumkur Dist. CG,,
Root sample Kodipalya, Tumkur Tq. Tumkur Dist CG,
Sporocarp Shettikere, C.N.Halli Tq. Tumkur Dist. CG,
Sporocarp Hullekere, Turvekere Tq. Tumkur Dist. CG,
Sporocarp Thyagaturu, Gubbi Tq. Tumkur Dist. CG,,

Note: CG-Coconut Ganoderma

Maintenance of pure cultures

The isolated fungus was sub-cultured on PDA slants
and allowed to grow at 28 °C + 2°C temperature for
8-10 days. The cultures so obtained were stored in
refrigerator at 4°C for further studies and they were
cultured periodically once in 2 to 3 months.

Study on variability of Ganoderma isolates of
coconut

Twenty Ganoderma isolates of coconut isolated during
course of investigation were used in variability study.

Cultural morphological variability of Ganoderma
isolates

Growth on potato dextrose agar

Twenty Ganoderma isolates [CG,, CG,, CG, CG,,
CG,, CG,, CG,, CG,, CG, CG,,, CG”, CGm CG13,

CG CG CG CG CG CG,, and CG,] of

14> 16> 17° 18>
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coconut collected from different geographic locations
were cultured on PDA. The morphological characters
like colony diameter/growth, biomass production,
colony colour, colony margin, mycelial density,
appearance of zones, reverse pigmentation etc were
studied.

Mycelia plug (6 mm) from seven days old active
culture was transferred onto the centre of a standard
9 cm PDA plate and incubated for 7 days at an
ambient temperature (Idris et al., 2000). The test for
all isolates with three replications was run
simultaneously to avoid bias due to external factors.
The diameter was measured daily and the number of
days required for maximum growth of mycelium was
also recorded. The colony texture, appearance of zone,
reverse pigmentation colour, type of colony margin and
mycelial density were recorded after seventh day of
incubation.
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Growth on liquid media

The flasks containing 100 ml of sterilized potato
dextrose broth (PDB) were inoculated with the 0.6 cm
mycelial discs of Ganoderma isolates of coconut.
Three replications were maintained for each treatment.
The inoculated flasks were incubated at room
temperature (2842 °C) for 10 days, and then mycelial
mat was harvested on a previously weighed Whatman
No.4 filter paper and dried at 60 °C in a hot air oven
till constant weight was obtained. The dry mycelial
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weight was recorded and expressed in mg 100 ml!
broth and results were analysed statistically.

Qualitative data of cultural characteristics on solid
media and bio mass were transformed into code and
a numerical data matrix was generated (Table 2). The
data was subjected to cluster analysis using
multivariate statistical package (MVSP version 3.13).
Similarity matrices were calculated using the simple
matching coefficient and a dendrogram was generated
using the unweighted pair group method of arithmetic
averages (UPGMA) (Pilotti et al., 2004).

Table 2 : Cultural morphological characters and their corresponding codes used to describe Ganoderma
isolates for assessment of cultural morphological characteristics

Character Description Code
Days for full plate <8 1
8-9 2
10-11 3
> 11 4
Biomass (g/100 ml-1) <1 5
1-1.25 6
> 1.25 7
Colony colour White 8
Creamy white 9
Mycelia texture Smooth 10
Leathery 11
Flufty 12
Concentric rings Present 13
Absent 14
Reverse pigmentation No pigmentation (White) 15
Pale yellow 16
Yellowish 17
Yellow 18
Pinkish 19
Mycelia density Thin 20
Dense 21
Thin at center & dense at corner 22
Dense at center 23
Margin Filamentous 24
Even 25
Undulate 26
Erose 27
Lobate 28
J. Hortl. Sci. 439
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Molecular characterization of Ganoderma

The isolates of Ganoderma species were identified
through ITS (Internal Transcribed Spacer) region
using universal primers ITS1 and ITS4 amplification.

Reagents and chemicals

All the chemicals were of analytical grade (M/s
Sigma Ltd. and M/s Merck Ltd.). The following
buffers and solutions were prepared : Extraction
buffer (100 mmM Tris-HCI (pH 8); 20 mM EDTA
(pH 8); 2 M NacCl; 3 % CTAB (w/v); 1 % PVP; 2
% PB-mercaptoethanol (v/v); phenol : chloroform
(24:1); potassium acetate 7.5 M; proteinase K, 0.05
mg ml'; wash solution [15 mM ammonium acetate
in 75 % (v/v) ethanol ]; TE buffer [10 mM Tris-
HCI (pH 8), ImM EDTA (pH 8)].

Fungal genomic DNA extraction

Fungal mycelia (100 mg) were ground to fine powder
using liquid nitrogen. Pre-warmed extraction buffer (1
ml) was added to the samples and it was ground once
more in the buffer. All the samples were transferred
to 2.0 ml Eppendorf tubes and 5 puL proteinase K (10
mg ml') was added. The tube was incubated in 37 °C
for 30 min and then at 65°C for another 30 min with
frequent swirling. Samples were centrifuged at 10,000
x g for 10 min at RT and the supernatant was
transferred to fresh Eppendorf tube. To the
supernatant, 100 pL of 7.5 M potassium acetate was
added and incubated at 4°C for 30 min. The samples
were centrifuged at 13,000 x g for 10 min at RT; the
supernatant was transferred to fresh tube, an equal
volume of chloroform: isoamyl alcohol was added and
mixed by gentle in version 30-40 times. The samples
were centrifuged at 10,000 x g for 10 min at RT. The
supernatant was transferred to a fresh tube and
precipitated with 2/3 volume of isopropanol. The
precipitated nucleic acids were collected and washed
twice with the wash solution. The nucleic acid pellet
so obtained was air dried until the traces of ethanol
was removed and dissolved in an appropriate amount
of TE buffer (50-70 puL). The nucleic acid dissolved
in TE buffer were treated with ribonuclease (RNase
10 mgml!), incubated at 37 °C for 30 min and stored
at -20°C until further use. The experiment was
repeated thrice and the results described as the mean
of three independent experiments (Sambrook and
Russel, 2001).
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Qualitative and quantitative analysis of DNA

The quality and quantity of DNA was analyzed by
running 2 pL of each sample mixed with 2 pL of 10x
loading dye in one per cent agarose gel. The DNA
from all the isolates produced clear sharp bands in one
per cent agarose gel indicating good quality of the
DNA. The DNA has been quantified by comparing
with the 1 kb size marker (Genei, Bangalore) and by
spectrophotometer (Nanodrop ND 1000).

PCR amplification of internal transcribed spacer
(ITS) region

The ribosomal DNA (rDNA) unit contains genetic and
non-genetic or spacer region. Each repeat unit
consisted of a copy of 18S, 5.8S and 28S like rDNA
and its spacer like internal transcribed spacers (ITS)
and Inter-Genic Spacers (IGS). The rDNA has been
employed to analyze evolutionary events because it is
highly conserved whereas ITS rDNA is more variable.
Hence, it has been used for investigating the species
level relationships. The primers for amplification were
custom synthesized at Bangalore Genie Pvt. Ltd.,
Bangalore and supplied as lyophilized products of
desalted oligos. PCR was carried out in poly propylene
tubes using universal primers ITS 1 (5' -
AACGTTACCAAACTGTTA-3") and ITS 4 (5' -
AAGTTCAGCGGGTATTCCT-3") and G. lucidum
specific primers GSF (5' -CCCTAAACCTCTCAAA
GTCA-3") and GSR (5' -TATCGTACAGGTTCT
CGTG -3). PCR amplification was performed in 25
pl reaction mixture containing 10x reaction buffer
supplied by the manufacturer, 100 ng of fungal DNA,
each ANTP at a concentration of 0.5 mM, 20 Pico
moles of each primer and 1 U of Taq DNA polymerase
(NEB, USA). Thermo cycling conditions were 94° C
for 5 min, followed by 30 cycles of 94° C for 30 sec,
56° C for 1min and 72° C for 1min and a final
elongation step of 72° C for Smin.

Separation of amplified products by Agarose gel
electrophoresis

Agarose gel electrophoresis was performed to resolve
the amplified product using 1.4 per cent agarose in
1X TBE (Tris borate EDTA) buffer, 0.5 mg ml! of
ethidium bromide and loading buffer (0.25 %
bromophenol blue in 40 % sucrose). Four uL of the
loading dye was added to 5 uL of PCR product and
loaded to the agarose gel. Electrophoresis was carried
at 65 V for 1.5 hrs. The gel was observed under UV
light and documented using gel documentation unit.
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Sequencing of ITS region: The ITS region was
sequenced from isolates of Ganoderma species to
confirm the organism and to know the variability
present in them. Homology search was done using
BLAST algorithm (Basic Local Alignment Search
Tool).

RESULTS AND DISCUSSION

Cultural and morphological variability/
characteristics of Ganoderma isolates of coconut

The results revealed that there were cultural
morphological variations between isolates of
Ganoderma isolated from infected palms of coconut
in Southern dry tracts of Karnataka. The colony
diameter on 5%, 7% and 9" day after inoculation was
significantly varied, where radial growth ranged from
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1.87 to 8.53 cm on 5™ day after inoculation. Similarly
on 7™ and 9 day after inoculation it ranged from 2.63
to 9.00 cm and 4.75 to 9.00 cm respectively. The
number of days taken to cover full plate ranged from
7 to 18 days and most of the isolates covered entire
plate in 7 days as noted in CG, CG, CG,,, CG,,,
CG,,, CG,,, CG,, and CG,,. However, some of
isolates taken <10 days to cover entire plate. The bio
mass production also varied significantly between
different isolates and it ranged from 0.56 to 1.46 g/
100ml. There were lot of variations observed with
respect to colony/ mycelial characteristics viz.,
concentric rings. reverse pigmentation, density of
mycelium and colony margin. However, there was not
much variations were observed with respect to colour
and texture of the colony (Fig.1 & 2 and Table 3)

CG 16

CG 5

Fig. 1 : Dendrogram showing relationships of Ganoderma isolates of coconut based
on similarity matrix of cultural/morphological characteristics

Ad

Fig. 2 : Cultural morphological variability Ganoderma isolates. A1-A4, ) Ganoderma isolates
on PDA and B) Ganoderma isolates on PDB
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The dendrogram generated from the cultural
morphological characteristics showed clearly the
variations among Ganoderma isolates and dendrogram
formed two main groups (Fig.1). The isolate CG,, and
CG; are distinct. The complete similarity (100%) was
found in several isolates of Ganoderma regardless of
their geographical origin. All the isolates used under
study showed high variability in cultural and
morphological characteristics. Rakib et al. (2014) who
had studied the genetic morphological variability of
forty six isolates of Ganoderma causing basal stem
rot and upper stem rot in oil palm stated that, there
were significant variations within and between
Ganoderma species in terms of their cultural
morphology and basidiospore characteristics and they
also reported that, cluster analysis of the cultural
morphology and scattered plot of basidiospore features
indicated that there was no distinct relationship within
and between species, disease types or geographical
origins of Ganoderma species.

The wide range of variation in morphological
characteristic can be related to the heterogeneity of
Ganoderma species. The cultural characteristic that
appeared to distinguish G zonatum from G. boninense
and G. miniatocinctum was the strongly wavy
characteristic of the colony in G zonatum. However,
this characteristic also varied and was not present in
all of the G. zonatum isolates. Furthermore, the
cultural appearances of fungi are also highly dependent
on several factors such as type of media, pH and
temperature (Adaskaveg and Gilbertson, 1989).
Although similar (100 % similarity) cultural
morphological features were observed between G, and
G,, G;and G,;, G, and G,,, and G, and G,, based
on the dendrogram generated, they were still
genetically different based on the somatic
incompatibility between the isolates. This showed that
different genotype in Ganoderma species may express
similar morphological features (phenotype). The
dendrogram also showed same species of Ganoderma
may be separated by up to 40 per cent dissimilarity,
while different species of Ganoderma may have up
to 92 per cent similarity. This indicates that
Ganoderma species in an oil palm plantation could
not be separated according to their species, disease
type or geographical origins based on their cultural
morphological features. More precise tool such
molecular techniques/tools should be used to identify
the Ganoderma species accurately.
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Molecular characterization of Ganoderma isolates

Genomic DNA of different isolates of Ganoderma was
isolated by CTAB method and the size was determined
by resolving on one per cent Agarose gel. The
concentration of DNA was determined using nanodrop
equipment which was 75ug/pl.

Amplification of ITS1 and ITS4 region of rDNA

The full length ITS rDNA region was amplified with
ITS region with fungal universal primers (ITS1 and
ITS4) and G lucidum specific primers from the total
genomic DNA of all the five isolates of
Ganoderma. DNA amplicon was 600-650 bp in length
in universal primers (Fig.3) and DNA was not
amplified with G lucidum specific primers and results
revealed that, the G lucidum species was absent in
coconut isolates tested. Further, the species identity
was confirmed with DNA sequencing.

DNA sequencing and specific amplification of
Ganoderma isolates

The ITS rDNA fragments of Ganoderma isolates
sequences were sequenced and DNA amplification
from Ganoderma was observed at good specificity for
the genus Ganoderma and approximately 600-650 bp
product was exclusively amplified in all the isolates
tested with fungal universal primers. DNA sequences
of selected isolates of coconut was compared using
bioinformatics tool like NCBI (National Centre for
Bioinformatics) BLAST programme. Based on the
sequence comparison, the identification of Ganoderma
isolates was confirmed and all the ITS rDNA
sequences of the isolates were confirmed as
Ganoderma sp. with 80-100 per cent identity. The
GenBank accession number for the ITS sequences for
the isolates CG, CG,, CG,, CG,, and CG,, were
MK681870, MK681871, MK681872, MK681873,
MK681874. and Phylogenetic tree of Ganoderma
constructed with ITS region sequences is shown in
Fig. 4.

The phylogeny of the Ganoderma isolates of coconut
revealed that, the isolate CG, grouped with
Ganoderma carnosum (KR 733545.1) which is
originated from Sri Lanka and CG,, and CG,, grouped
with Ganoderma sp. (KR154930) and Ganoderma sp.
(KM229652). These species were originated from
India and CG, and CG,, isolates of coconut grouped
into distinct sub cluster and indicated the species
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Fig. 3 : Gel picture showing PCR amplification of rDNA of Ganoderma isolates of coconut with
ITS1, ITS4 and G lucidum primers

diversity and dissimilarity of Ganoderma in Southern
Karnataka.

Abundance and uniform distribution of genetic
markers in any pathogen is necessary for applications
like diversity analysis at various levels. Almost
unlimited in number, they are widely and evenly
distributed in the genome. Unaffected by other genes
and environment, the genotype of any individual of a
population with respect to DNA based markers can
be determined unequivocally at any stage of the
development non-destructively. In addition, it is
possible to generate markers to suite specific
applications without altering the genotype of the
individuals. It is difficult to distinguish these species
using traditional morphological and physiological
differences. To understand existence of variation
among the isolates of pathogens, PCR based technique
with G [lucidum specific markers and ITS sequence
was used in the present investigation.

Variations in morphological characteristics of
Ganoderma have led many taxonomists to introduce
biochemical and molecular methods to differentiate
Ganoderma species. DNA amplification from
Ganoderma was observed at good specificity for the
genus Ganoderma and approximately 600-650 bp
product was exclusively amplified in all the isolates
tested with fungal universal primers. However, DNA
amplification was not amplified with G lucidum
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Fig. 4 : Phylogenetic relationships of Ganoderma
isolates of coconut inferred from the sequences of the
ITS region

specific primers in the isolates tested. The sequencing
and phylogenetic analysis of selected isolates
Ganoderma infecting coconut revealed the
Ganoderma species diversity in dry tracts of Southern
Karnataka.

Nuclear rDNA, including the small and large subunits,
5.8S, and the Internal Transcribed Spacer (ITS)
region, proved an ideal target for specific PCR
primers, as each sequence is variable at the family,
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genus, or species level. Internal Transcribed Spacer
(ITS) regions have been successfully used to generate
specific primers capable of differentiating closely
related fungal species. Amplification of target DNA
through PCR with taxon-specific primers is a
potentially more sensitive and accurate approach than
conventional microscopic techniques. Nucleotide
sequences from certain regions of the DNA reflect
phylogeny at various taxonomic levels. Such regions
need to be evolving at an appropriate rate in order to
supply enough consistent differences to separate the
taxa into statistically supported monophyletic groups.
These regions must be present as a single copy in the
genome or evolve as a single copy region in order to
avoid comparisons of different copies in different
species (paralogous comparisons) if the region exists
as multicopy. Also, the region should have the same
function in all organisms (Mitchell ez al., 1995). The
ribosomal RNA (rRNA) genes, certain ribosomal
elongation factors, and genes from the nuclear and the
mitochondrial genomes have been useful for DNA
sequence analysis in fungi (Tan and Niessen, 2003;
Moreau et al., 2006). Consequently, nucleotide
sequence information from relatively conserved genes/
DNA segments such as the ITS (Moncalvo et al.,
1995a, b; Smith and Sivasithamparam, 2000a), the
mitochondrial small subunit (mtSSU) (Hong and Jung,
2004), and nuclear large subunit (LSU) (Lee et al.,
2006) rDNA have been widely used in the taxonomy
and phylogeny of Ganoderma species. This is because
the variability of these regions, which is harboured
mainly in the introns, provides sufficient resolution at
various taxonomic levels.

Gottlieb et al. (2000) adopted rDNA analysis (ITS I
and II of 5.8S rDNA) to identify South American
isolates of Ganoderma and Elfvingia and found
molecular and morphological agreement at the sub
generic level, however this relationship was difficult
to visualize at the species level. Singh et al. (2003)
characterized 61 accessions using DNA finger printing
technique and RAPD/ AFLP analysis which revealed
highly significant genetic variability among G lucidum
isolates collected from coconut gardens in Coimbatore.
Phylogenetic analysis of the ITS sequence data was
used to resolve Australian Ganoderma isolates into
five terminal clades, and showed that a number of
isolates had been misnamed (Smith and
Sivasithamparam, 2000a). Based on the phylogenetic
analysis of the ITS and 5.8S sequence, Latiffah et al.
(2002) showed that Ganoderma isolates from infected
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oil palm and coconut stumps belong to the same group
as classified by PCR-RFLP. Gottlieb et a/. (2000) also
used ITS-based phylogenetic analysis together with
PCR-RFLPs to elucidate the taxonomy of Ganoderma
species in South America. They reported that
molecular and morphological data agree at the
subgeneric level, but that it was difficult to determine
relationships at the species level.

Earlier studies based on morphological identification
asserted that North American G. [ucidum and
European G resinaceum belong to the same biological
species (Adaskaveg and Gilbertson, 1986). Based on
phylogenetic relationships and nucleotide sequence
variations of the ITS (Moncalvo ef al., 1995a, b) as
well as the mtSSU (Hong and Jung, 2004), these two
species were shown to be different. The gene
phylogeny by Moncalvo et al. (1995b) has indicated
that isolates that were morphologically identified as
G. lucidum did not cluster together, neither did those
identified as G tsugae or G. resinaceum. In the
phylogenetic analysis of Ganoderma species using
mtSSU sequence data by Hong and Jung (2004),
Ganoderma species were divided into six
monophyletic groups (G colossus group, G.
applanatum group, G. tsugae group, Asian G lucidum
group, G meredithiae group, and G resinaceum
group) that included different species that were
identified based on morphological characters. Species
that were identified as G lucidum were scattered over
three of the groups, the Asian G lucidum group, the
G resinaceum group and the G tsugae group. Also,
isolates that were identified as G oregonense and G
oerstedii did not group together. These two studies
indicate that some isolates were misidentified based
on morphological characters since isolates that were
identified as one thing do not form a monophyletic

group.
CONCLUSION

From the preceding discussion it is clear that DNA
sequence analysis of the ribosomal DNA region has
provided an alternative approach to elucidate the
taxonomy of Ganoderma. These techniques have
played an important role in the taxonomy of
Ganoderma, and have proved to be more reliable than
other techniques that have been used for the same
purpose. Misidentification and species synonyms
based on morphological identification have been
reduced using the molecular techniques. Among 5
isolates sequenced, isolate CG,, and CG, are grouped



in same cluster both in morphological and molecular
phylogeny. However, other isolates viz., CG, and CG
which are genetically 100 per cent similar and grouped
in same cluster are morphologically different as
evidenced by grouping in different clusters in
morphological phylogeny. In this study, a combination
of cultural/morphological characteristics and
molecular techniques allowed identification of groups
within Ganoderma isolates of coconut and results
indicated existence of morphological and molecular
variability of Ganoderma isolates of coconut causing
BSR in dry tracts of Southern Karnataka. Further,
molecular characterization with G lucidum species
specific markers and fungal universal primers also
indicated species diversity in Ganoderma causing
basal stem rot/ Ganoderma wilt in coconut. In the
present study based on phylogenetic analysis isolate
CG, was identified as G carnosum with 98.97 per
cent identity and isolates CG,, and CG,, showed
maximum (98.96 to 99.46 %) identity with G
gibbosum and G applanatum species and indicating
the different species associated with Ganoderma wilt
of coconut in dry tracts of Southern Karnataka.
However, the species identity has to be confirmed by
systematic investigation with polyphasic taxonomic
approach to unravel the species diversity of
Ganoderma causing basal stem rot in coconut in
Karnataka.
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ABSTRACT

French bean (Phaseolus vulgaris L.) production is adversely affected by many pathogens and
insect-pests worldwide. In the present investigation, effect of different bio-fortified composts,
organic amendments, botanicals and pesticides were evaluated against diseases and insect-
pests of french bean. The results showed that seed treatment and drenching with Trichoderma
harzianum strain 11, followed by soil application of fortified farmyard manure resulted in
the lowest root rot incidence, highest germination, vigour and yield in french bean. In another
set of experiment, soil incorporation of Parthenium hysterophorus, Urtica dioica and Lantana
camara were found to reduce root rot incidence with high germination and pod yield. Among
the bioproducts and botanicals tested, foliar spray of cow dung extract (50%) reduced angular
leaf spot, rust and bacterial blight severity by 51, 69 and 25 per cent, respectively. Among
the fungicides, foliar application of azoxystrobin 23 SC (0.1%) and difenoconazole 25EC
(0.025%), also reduced angular leaf spot and rust severity by 93 and 90 per cent, respectively.
Among different insect pest management strategies under field conditions, cartap
hydrochloride and batain seed extract registered low sucking bug (Chauliops choprai)
population. Integrated approaches including bio-agents, botanicals along with chemicals for
managing these diseases and insect-pests were found appropriate options. Out of six different
IPM modules evaluated, seed treatment with carbendazim along with foliar spray of 0.1%
azoxystrobin and cartap hydrochloride resulted in lowest root rot, rust, angular leaf spot,

bacterial blight and Chaulopsis choprai bug population in French bean.

Keywords :

INTRODUCTION

French bean (Phaseolus vulgaris L.) is globally
grown in nearly 1.58 million ha with a production of
23.28 million ton (FAO, 2020) of which major
production is from developing countries. The
increasing incidence of soil-borne and foliar diseases,
viz., root rot, rust, bacterial blight and angular leaf
spot and insect like sucking bug has become a major
constraint for the profitable cultivation of bean since
last few years (Joshi et al., 2009; Mageshwaran et
al., 2012; Jakhar and Chaudhary, 2013). The losses
due to bean root rot disease some time exceed 70 per
cent (Navarrete-Maya et al., 2009). Losses due
angular leaf spot caused by Phaseoisariopsis griseola
and rust caused by Uromyces appendiculatus varies

Bioagents, botanicals, eco-friendly management, french bean, fungicides and insecticides

up to 80 per cent and 18-100 per cent, respectively.
The management practices for diseases and insect-
pests rely primarily on application of chemical
pesticides. The excessive and indiscriminate uses of
pesticides adversely affect soil flora-fauna and have
raised serious concern about health and environmental
hazards.

There is growing awareness about the use of plant
extracts, bio-agents, bio-pesticides and chemicals
together that can provide more environmentally sound
and economically feasible alternatives for disease and
insect-pests management. Washings of vermicompost
(biowash) prepared from foliage of Jatropha
(Jatropha curcas), Annona (Annona squamosa) and
parthenium (Parthenium hysterophorus) were

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
YA which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.
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reported to be effective against Fusarium oxysporum
f. sp. ciceri (wilt of chickpea), Sclerotium rolfsii
(collar rot of chickpea) and Macrophomina
phaseolina (Subramaniam et al., 2010). Similarly,
leaf extracts (20%) of neem and chinaberry were
reported to inhibit Alternaria solani and F. oxysporum
f. sp. lycopersici, the pathogens of early blight and
wilt diseases of tomato (Hassanein ef al., 2008). Seed
treatment with 7. harzianum isolates CEN287,
CEN289 and CEN316 reduces the incidence of
Aspergillus, Cladosporium and Sclerotium
sclerotiorum in common beans and promoted plant
growth and rhizosphere competence (Carvalho et al.,
2011). Botanicals and bioagents are inexpensive,
casily available and biodegradable with less non-target
effects besides being effective against plant pathogens
(Siddiqui and Gulzar, 2003). Use of bioagents as seed
treatment and soil drenching reduces dissemination of
pathogens and contribute for good crop establishment
(Pomella and Ribeiro, 2009). Application of organic
amendments is one of the disease management
strategies especially against soil borne plant
pathogens. Soil application of paper mill residual
amendments suppressed cucumber damping-oft and
foliar brown spot of snap bean (Stone et al., 2003).

Organic matter (OM)-mediated suppression of soil
borne diseases in field soils caused by pathogenic
species of Pythium and Phytophthora has been
reported for a variety of plant species and organic
substrates (Lewis et al., 1996; Lourd et al., 1987).
Soil amendment with bio-agent fortified compost can
modify the microbial community composition by
enhancing the competition for nutrients or antagonism
or mycoparasitism among microbes (Aryantha and
Guest, 2006). In addition, beneficial microbes activate
the plant to defend themself, a phenomenon termed
‘induced systemic resistance’ (Conrath et al., 2002;
Van-Loon, 2007). Chemical control is an important
option in the management of bean diseases and pests
because of the widespread occurrence of foliar
diseases and the susceptibility of the available
cultivars (Emeran et al., 2011). Most of the studies
focused on laboratory and greenhouse-based
evaluations of inhibition ability, production of
antibiotics and suppression of mycelial growth. In
addition to right choice of fungicides, more studies are
required to identify the time and schedule of sprays.
Very few and inadequate studies are available on field
assessment of bio-control agents, botanicals in
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combination with pesticides for their ability to reduce
the incidence of diseases and insect-pests of french
bean as an IPM module under Northwestern
Himalayan region (Joshi et al., 2009). Hence,
integrated approaches including bio-agents, botanicals
along with chemicals for managing bean diseases and
insect-pests could be the appropriate options and has
been explored in this study.

MATERIALS AND METHODS

All laboratory and field experiments were conducted
in completely randomized design (CRD) and
randomized block design (RBD), respectively with
three replications for each treatment on a susceptible
variety, VL Bauni Bean-2.

In vitro studies
Preparation and evaluation of plant extracts

Leaf samples of plants viz., Eucalyptus globulus,
Parthenium hysterophorus, Urtica dioica, Quercus
leucotrichophora, Lantana camara, Oxalis latifolia
and Artemisia hirsuta were collected, air dried at
50°C, powdered and stored at room temperature in
desiccator before analysis. Dried samples (5 g) were
grinded in a super mill grinder 1500 series (Newport
Scientific Pvt. Ltd.) and grinded samples (1.5 g) were
extracted by semiautomatic Soxhlet apparatus
(Pelican, Socsplus, 2AS, Chennai) in methanol at 100
°C for 1 h and 90 per cent methanol was recovered
during recovery phase at 130°C for 30 min, The
methanolic extracts were dried at 80 °C, again
dissolved in methanol to a concentration of 250 and
500 ppm and stored at 4 °C for further use.

Field studies

Trichoderma isolates (50) isolated from soil samples
collected from different locations of Uttarakhand hills
of North-western Himalayas were evaluated in vitro
for their antagonistic activity against french bean
pathogens. Based on antagonistic activity, three T.
harzianum isolates (Th-11, Th-28 and Th-34) were
selected and mass multiplied for further testing under
field conditions. On the other hand, soil borne
pathogens viz. Rhizoctonia solani and Fusarium
oxysporum were also identified (Booth, 1985; Domsch
et al., 1980) and mass produced for field inoculation.

Effect of bioagent fortified compost on root rot
incidence

Bioagent fortified composts were evaluated against
root rot of french bean at experimental Sick plot ,



Hawalbagh during the year 2008 and 2009.
Trichoderma harzianum isolates (Th-11, Th-28 and
Th-34) having 2 x 108 cfu (20 g/kg), were mixed with
farm yard manure (FYM) (10t/ha) and poultry manure
(PM) (5 t/ha), 15-20 days prior to the soil
incorporation. Soil was pre-inoculated with the test
pathogens. Bean seeds, treated with different isolates
of T. harzianum (2 mL of suspension at 2.5x103
conidia mL™"! per 100 g of seeds) were sown at 15 cm
plant to plant space in 3x3 m? at ICAR-VPKAS
experimental station, Hawalbagh, Almora. The mean
average temperature during cropping period was
32°C. Plant emergence was recorded 15-20 days after
sowing (DAS). At 20 DAS, four adjacent plants were
removed per plot and vigour index was calculated.

Effect of organic amendments on root rot incidence

Field experiments to study the effect of organic
amendments on root rot incidence were carried out
during kharif 2009 and 2010. Sixteen organic
amendments viz., neem oil cake (@ St/ha, mustard cake
@ 5t/ha, saw dust @ 2.5 t/ha, poultry litter @ 5t/ha,
wheat straw @ 2.5t/ha, E. globulus @ 20t/ha,
vermicompost @ 5 t’/ha, FYM @ 10 t/ha (dry wt
basis), P. hysterophorus @ 20t/ha, mushroom spent
compost @ 5St/ha, U. parviflora (or dioica (@ 10t/ha,
0. leucotrichophora @ 20t/ha, L. camara @, 20t/ha,
0. latifolia @ 20t/ha, A. hirsuta @ 20t/ha and
composted paper @ 10t/ha were incorporated one
month before sowing and untreated field plot was kept
as control. Soil was inoculated to entire experimental
field with test pathogens (R. solani and F. oxysporum
@ 2 x 10® cfu ) one week before incorporation of
organic products. Seedling emergence and root rot
incidence was recorded at post-emergence stage as
well as 30 DAS and average accumulated disease
incidence was calculated.

Evaluation of bio-products and fungicides against
foliar diseases

In field conditions, six fungicides viz., azoxystrobin
@ 0.1%, difenoconazole @ 0.025%, propiconazole
@0.05%, tebuconazole @ 0.05%, chlorothalonil @
0.2% and mancozeb @ 0.25% were evaluated against
rust and angular leaf spot diseases during 2009 and
2010. In another set of field experiments, effect of
three fungicides viz., azoxystrobin @ 0.1%,
difenoconazole @ 0.025% and propiconazole @
0.05%, with 1, 2 and 3 fungicide spray against rust,
angular leaf spot and bacterial blight diseases of

H Chandrashekara et al

french bean were evaluated during the year 2011 and
2012. In a third set of field experiment, efficacy of
12 different bioproducts viz., batain (Melia
azederach) seed kernal extract @ 30%, A. hirsuta,
P. hysterophorus, azadirachtin, panchgavya, neem
cake extract, cow urine, cow dung extract, Z.
officinale rhizome, A. sativum bulb, T. domestica
bulb and horticultural mineral oil were evaluated
against rust, angular leaf spot and bacterial blight
diseases during the year 2009 and 2010 along with
mancozeb @ 0.25% spray as positive control and
untreated as negative control.

Evaluation of different insecticides against
Chauliops choprai

Field trials were conducted at experimental farm,
Hawalbagh with nine insecticides viz, thiamethoxam
25%WG, imidacloprid 17.8 SL, dinotefuran 20SG ,
cartap hydrochloride 75SG, deltamethrin 2.8 EC,
spinosad 45SC, indoxacarb 14.5SC, endosulfan 35EC
and profenophos S0EC during 2008-09 to test the
efficacy of insecticides against the sucking bug, C.
choprai. Observations were made on the number of
adult insects per randomly selected three leaves in ten
plants in each plot before the treatment and 3, 7, 14
and 21 days after spray. The per cent pest control by
the treatment with respect to untreated check was
calculated using Henderson and Tilton (1955) formula
by taking average of the insects present after
treatment. The insect count was subjected to statistical
analysis adapting RBD with 3 replications using
SPSS version 3/93 after converting it to square root
values. The mean values of treatments were then
subjected to Tukey highly significant difference (HSD)
test.

) (AT x BC)
(BT x AC)

% reduction = 100 x 1

whereas,

AT — No. of bugs present in the treated plants after
treatment; BT — No. of bugs present in the treated
plants before treatment, AC — No. of bugs present in
the control plants after treatment and BC — No. of
bugs present in the control plants before treatment

Another set of field trials were carried out using
botanical (batain-Melia azederach), Bt and insecticide
(cartap hydrochloride) to find their efficacy on sucking
bug C. choprai in french bean for four years.
Observations were made as given above on the
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number of adult insect in the leaves and per cent
reduction with respect to control calculated.

Statistical analysis

The experiments were analyzed separately using
analysis of variances. Chi-square test was performed
on the variances to test the homogeneity among the
repeated experiments. The disease incidence was
assessed based on the total number of plants infected
over total number of plants observed in square meter
area and then expressed in percentage. The data were
subjected to analysis of variances and Fisher’s
protected least significant difference or critical
difference was used to separate the treatment means.
The data were statistically analyzed by using SAS 9.3
version software. The original data was transformed
to arcsine in order to bring the data under normal
distribution before analysis.

RESULTS AND DISCUSSION

Evaluation of plant extracts against Rhizoctonia
solani and Fusarium oxysporum

Plant extracts Parthenium hysterophorus, U. dioica
and L. camara showed significantly higher antifungal
activity against R. solani and F. oxysporum at 500
ppm concentration (Table 1). A reduction of 76.30 per
cent R. solani mycelial growth in comparison to
control was observed for P hysterophorus followed
by U. parviflora and L. camara (73.33%). However,
L. camara inhibited maximum radial growth of F
oxysporum (65.19%) followed by P. hysterophorus
(58.89 %) and U. parviflora (58.15 %). This
corroborates the findings of Hadi and Kashefi (2013)
and Baraka et al. (2011). Hadi and Kashefi (2013)
reported that Cinnamomum zeylanicum, Mentha
piperita, Allium hirtifolium and Allium sativum
recorded largest inhibition on the growth rate of F.
oxysporum. Similarly, Baraka et al. (2011) reported
in vitro efficacy of marjoram, garlic and jojoba
against F. oxysporum, F. moniliforme, F. solani,
Thilaviopsis paradoxa, Botryodiplodia theobromae
and Rhizoctonia solani and reported the antifungal
activity of different plant extracts against F.
oxysporum and R. solani.

Effect of bioagent fortified composts on root rot
incidence

The results of two years of field trials to evaluate the
effect of composts fortified with biocontrol agents on

root rot incidence of french bean are presented in
Table 2. Significantly higher seedling emergence
(87.02%) and lower root rot incidence (16.07%) was
found in case of treatment T2 i.e., seed treatment and
drenching with 7. harzianum strain 11 @ 1% along
with soil application of fortified farmyard manure @
10 t/ha, followed by T7-treated check i.e. seed
treatment with thiram @ 3g/kg seed along with
application of farm yard manure @ 10 t/ha. The
results showed 29 to 49 per cent increase in seedling
emergence and 13 to 47 per cent root rot incidence
reduction in various treatments in comparison to
control (Table 2). Maximum vigor index (3312) and
yield (12.59t/ha) was found from treated check i.e.,
seed treatment with thiram @ 3g/kg seed along with
application of farmyard manure @ 10 t ha'. The
present results agree with Manjunatha et al. (2013),
who reported that combining soil application through
bioagent (Trichoderma viride and Pseudomonas
fluorescens) enriched farm-yard manure, along with
seed treated with the bio-control agents resulted in
maximum germination, least root rot incidence and
highest yields of chickpea plants against root rot
pathogen, Macrophomina phaseolina.

Effect of organic amendments on root rot incidence

The results of experiments on organic amendments
showed that various organic amendments resulted in
increase in seedling emergence (26% - 47%),
reduction in root rot incidence (32% - 64%) and
increase in yield (13 to 111%) as compared to control
(Table 3). The soil incorporation of P. hysterophorus
and L. camara @ 20 t ha! was found to have
maximum seedling emergence (83.28 and 81.57% %)
and lower root rot incidence (11.58 and 11.86%)
respectively. However, maximum yield (7.0 t ha'!) was
recorded with amendment of L. camara @ 20 t ha'
followed by U. parviflora @ 10 t ha' (6.98 t ha!)
and P. hysterophorus (6.85 t ha'). In this study, soil
incorporation of P hysterophorus, L. camara and U.
parviflora resulted in maximum seedling emergence
and reduction in root rot incidence which is in
accordance with the findings of Angiras (2008) and
Subramaniam et al. (2010). Soil amendment is a
practice, which favours plant development, improves
soil quality as well as having suppressive effect on
many soil-borne plant pathogens (Nawar, 2008;
Elwakil et al., 2009). Organic amendments in addition
to disease suppression, improves the aggregation,
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Table 1 : Evaluation of plant extracts against Rhizoctonia solani and Fusarium oxysporum causing
root rot of French bean in vitro

Rhizoctonia solani Fusarium oxysporum
Treatment mean mycelial mean mycelial
inhibition (%) inhibition (%)
250 ppm 500 ppm 250 ppm 500 ppm
T1- Eucalyptus globulus 15.19 59.63 14.81 47.78
T2- Parthenium hysterophorus 17.04 76.30 13.70 58.89
T3- Urtica parviflora 12.22 73.33 8.52 58.15
T4- Quercus leucotrichophora 1.48 19.26 0.00 15.19
T5- Lantana camara 15.93 73.33 10.37 65.19
T6- Oxalis latifolia 0.74 24.07 0.00 20.74
T7- Artemesia hirsuta 4.07 27.41 1.85 19.63
T8- Control 0.00 0.00 0.00 0.00
Turkey HSD (P = 0.05) 0.41 0.57 0.20 0.67

(Mean of three replications)

Table 2 : Effect of bioagent fortified composts on root rot incidence of French bean under field
condition

Vigour Seedling Root rot .
index emergence incidence Yield
Treatment
Per increase Per | Reduction t/ Increase
cent (%) cent (%) ha (%)

T1 - ST & drenching with 7. harzianum (T- 11) 2828 83.51* 43 17.85° 41 12.75° 45
@ 1% + SA of fortified PM @ 5 t/ha (66.44) (24.87)
T2 - ST & drenching. with 7. harzianum (T- 11) | 3179 87.02° 49 16.07* 47 11.77* 33
@ 1% + SA of fortified FYM @ 10 t/ha (69.58) (23.44)
T3 - ST & drenching with 7. harzianum (T-28) 2627 83.03* 42 20.63% 31 11.67* 32
@ 1% + SA of fortified PM @ 5 t/ha (66.96) (26.59)
T4 - ST & drenching. with 7. harzianum (T-28) | 2392 75.95% 30 24.10% 20 11.40% 29
@ 1% + SA of fortified FYM @ 10 t/ha (61.22) (28.80)
T5 - ST & drenching with 7. harzianum (T-34) 2533 75.51% 29 2427 19 11.57® 31
@ 1% + SA of fortified PM @ 5 t/ha (61.44) (29.02)
T6 - ST & drenching with T. harzianum (T-34) 2550 79.19% 35 26.27%® 13 11.13® 26
@ 1% + SA of fortified FYM @ 10 t/ha (64.27) (30.50)
T7 - Treated check (ST with thiram 3312 84.33* 44 16.45* 44 12.59* 43
@ 3¢/ kg seed with FYM @ 10 t/ha) (67.00) (24.20)
T8 — Control (FYM @ 10 t/ha) 2301 58.57° 0 30.08° 0 8.82° 0

(56.05) (33.08)
Turkey HSD(P = 0.05) 241.5 10.93 - 8.14 - 1.98 -

Seed Treatment; Soil Application
Figures in parentheses represent arc sine transformed values
Means in the same column followed by different letters are significantly (P < 0.05) different.
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Table 3 : Effect of organic amendments on root rot incidence of french bean
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Seedling emergence Root rot incidence Pod Yield
Treatment Per cent Per cent Per cent Per cent
Per cent increase increase increase t/ha increase

T, - Neem oil cake @ 5t/ha 74.75(59.84) 32 17.82(21.80) 45 5.88abe 77
T, - Mustard cake @ 5t/ha 72.49(58.38) 28 21.11 (25.04) 34 3.83¢% 15
T, - Saw dust @ 2.5 t/ha 76.30(60.94)° 35 17.78 (21.33) 45 4.96%d 49¢
T,- Poultry litter @ 5t/ha 74.77(59.85) 32 17.28 (21.20) 46 5.63¢®cd 69
T, - Wheat straw @ 2.5t/ha 77.03(61.44) 36 17.65 (20.82) 45 5.71¢be 72
T, Eucalyptus globulus @ 20t/ha 74.33(59.57) 31 19.58 (23.13) 39 5.13ebed 54
T,- Vermicompost @ 5 t/ha 75.72(60.48) 34 17.09 (21.06) 47 5.69%¢ 71
T,- FYM @ 10 t/ha (dry wt basis) 74.03(59.37) 31 15.40 (22.72) 52 5.15¢bed 55
T, - Parthenium hysterophorus @ 20t/ha 83.28(65.94)* 47 11.58 (15.15)* 64 6.85% 106
T,, - Mushroom spent compost @ 5t/ha 75.12(60.08) 33 18.02 (22.00) 44 3.75¢d 13
T,,- Urtica parviflora @ 10t/ha 78.25(62.21)° 38 15.37 (19.35) 52 6.98° 110
T,,- Quercus leucotrichophora @ 20t/ha 72.93(58.66) 29 20.71 (24.66) 36 4.45¢ 34
T,;- Lantana camara @ 20t/ha 81.57(64.59) 44 11.86 (15.34) 63 7.00° 111
T,,- Oxalis latifolia @ 20t/ha 74.07(59.39) 31 19.38 (22.84) 40 4.580cd 38
T, Artemesia hirsuta @ 20t/ha 74.78(59.86) 32 18.83 (22.25) 42 5.79¢be 74
T,,- Composted paper @ 10t/ha 71.55(57.79)" 26 22.00 (25.45) 32 4.580cd 38
T,.- Control 56.65(48.82)¢ 0 27.20 (31.63)¢ 0 3.32¢ -
Turkey HSD(P = 0.05) - - 6.34 - 2.87 -

Figures in parentheses represent arc sine transformed values;

(Mean of three replications)

Means in the same column followed by different letters are significantly (P < 0.05) different.

reduce compaction and surface crusting, increase
Carbon sequestration and nutrient availability, and
enhance infiltration and water holding capacity of soil
(Min et al., 2003).

Effect of bioproducts against foliar diseases

Twelve bioproducts along with one fungicidal control
and untreated control were evaluated against foliar
diseases viz., rust, angular leaf spot and bacterial
blight of french bean for two years and the data
obtained were summarized in Table 4. The results
indicated a reduction of 7-78 per cent rust disease,
5-65 per cent angular leaf spot and 25-54 per cent
bacterial blight severity and an increase of 1-49 per
cent in yield as compared to control. Foliar spray of
bioproducts, batain seed kernel extract (30%), cow
urine (50%) and cow dung extract (50%), were found
at par with fungicidal (mancozeb) spray in reducing
rust severity. Similarly, significantly lower angular
leaf spot was recorded for foliar spray of P.
hysterophorus (22.11%), azadirachtin (19.33%),

Panchgavya (16.33%), neem cake extract (19.57%),
cow urine (26.17%) and mancozeb (11.83%). All the
bioproducts reduced bacterial blight severity
significantly in comparison to control. The present
results agree with Vijayalakshmi and Saranya (2010),
who reported antimicrobial activities of cow urine
against Staphylococcus aureus, Escherichia coli,
Aspergillus and Rhizopus. Basak et al. (2001 and
2002) reported the inhibitory activity of cow urine and
cow dung against F oxysporum f. sp. cucumerinum,
F. solani f. sp. cucurbitae and Sclerotinia
sclerotiorum.

Evaluation of different fungicides against foliar
diseases of french bean

The fungicides under study were highly efficacious,
completely preventing rust and angular leaf spot
infection, when applied thrice at 10 days interval. All
the treatments were found significantly effective in
reducing rust (25-93%) and angular leaf spot severity
(36-93%) and resulted in increasing yield by 64-194
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Table 4 : Effect of bioproducts against foliar diseases of French bean under field condition

Chandrashekara et al

Rust Angular leaf spot BB Pod Yield
Treatment Per cent | Reduction | Per cent |Reduction | Per cent | reduction | Per cent | increase
(%) (%) (%) (%)

T1-BSKE 28.023bed 55 27.5004 19 17.50%¢ 29 4.40%° 25
@ 30 % FS (31.73) (31.57) (24.66)
T2-A. hirsuta 31.830%4 49 28.05b%4 17 17.00%¢ 31 3.77% 7
@ 30 % FS (34.25) (31.79) (24.29)
T3-P.hysterophorus 40.024cfe 36 22,112 35 17.00%° 31 3.73% 6
@ 30 % FS (39.13) (27.90) (24.06)
T4-Azadirachtin 0.03 % 36.00% 42 19.33ab¢ 43 14.84%® 40 4.05% 15
@ 0.2 % FS (36.82) (25.89) (22.58)
T5-Panchgavya 53.84¢feh 14 16.33%® 52 18.33% 26 3.84b¢ 9
@ 3 % FS (47.25) (23.69) (25.26)
T6-Neem cake extract 39.16¢¢f 37 19.578b¢ 42 14.55%® 41 4.433%¢ 26
@ 20 % FS (38.70) (26.12) (22.28)
T7-Cow urine 22.83ab¢ 63 26.17%4¢ 23 18.33% 26 4.423b¢ 25
@ 50 % FS (28.35) (30.64) (25.30)
T8-Cow dung extract 19.522 69 16.66% 51 18.58% 25 4.64% 32
@ 50 % FS (26.00) (23.92) (25.43)
T9-Z.officinale rhizome 54.26"" 13 25.67%¢ 24 16.70%%¢ 32 3.87% 10
@ 5% F 47.51) (29.91) (24.05)
T10-A. sativum bulb 32.830d 47 20.0530cd 41 14.52% 41 3.96% 12
@ 5% FS (34.85) (26.49) (22.27)
T11-T. domestica bulb 43,334fe 31 26.000¢ 23 17.50%¢ 29 3.76% 7
@ 5% FS (41.15) (30.41) (24.66)
T12-Horticultural mineral oil| 57.83¢" 7 31.99¢ 5 15.33% 38 3.55% 1
@ 1% FS (49.55) (34.25) (22.89)
T13-Mancozeb 13.85° 78 11.83 65 11.33* 54 5.24* 49
@ 0.25% (21.58) (19.90) (19.50)
T14-Control 62.41" 0 33.83¢ 0 24.67° 0 3.52¢ 0

(52.35) (35.46) (29.68)
Turkey HSD (P = 0.05) 9.51 8.10 481 0.64

Figures in parentheses represent arc sine transformed values;

Means in the same column followed by different letters are significantly different (P < 0.05).

per cent in comparison to control (Fig. la),
emphasizing the effect of foliar spray of fungicides
towards yield enhancement. Amongst all tested
fungicides, application of azoxystrobin was found to
have lowest rust (2.81%) and angular leaf spot
(2.71%) severity with highest yield (11.94 t ha'!)
followed by difenoconazole. Similarly, from the
repeated fungicidal spray experiment, lowest rust
(3.33%), angular leaf spot (4.17%) and highest yield
(10.12 t ha') was recorded when three sprays of
azoxystrobin was given (Fig. 1b), which was at par
with two sprays of azoxystrobin.

Fungicide application appears to be a suitable short-
term strategy for bean rust control in the absence of
resistant cultivars. The differences in efficacy among
the tested fungicides were probably related to their
fungicidal activity. The present results are in line with
the findings of various workers who reported reduced
severity of bean diseases by applying different
fungicides (Emeran et al., 2011) Azoxystrobin is one
of the leading systemic fungicide of strobilurin class
developed from naturally occurring wood-decaying
mushroom mainly inhibiting mitochondrial respiration
by binding to the Q, site of cytochrome b, blocking
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Fig. 2. : Effect of number of fungicide spray on foliar
diseases of french bean

T, T, T -Azoxystrobin one, two and three sprays, T, T, T

Difenoconazole one, two and three sprays
T, T, T,-Propiconazole one, two and three sprays, T, - Control

electron transfer and disrupting the production of ATP
(Sundravadana et al., 2009) and hence effectively
controls many plant diseases (La Mondia, 2012).
Difenoconazole are sterol synthesis inhibitors known
to have acropetal systemic movement in plants and
many have good activity against rust disease (Kuck
et al., 1995). Similar findings on the impact of
fungicides on plant diseases were reported by various
workers (Miles et al., 2007).

Bio-efficacy of insecticides on Chauliops choprai
under field conditions

The results of the field trial on the insecticidal
efficacy on C. choprai are given in the Table 5. The
mean number of bugs in the first trial before
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treatment ranged from 4.67 — 5.67 three leaves™!
plant!. At three DAS, less number of bugs (0.33
plant') was recorded in deltamethrin treated plots.
Indoxacarb, cartap, endosulfan and spinosad treated
plots were not significantly different with each other
in terms of insect population at three days after
treatment (DAT). At 14 DAS, 0.83 bugs plant! was
recorded in deltamethrin sprayed plants which is not
significantly different with the cartap treatment
(0.84 bugs plant') and endosulfan treatment (1.50
bugs plant'). Cartap hydrochloride treatment
harbored the least number of bugs (1.0 plant') at
21 DAS which is not significantly superior to
deltamethrin (1.17 bugs plant!). The overall per
cent reduction registered by deltamethrin and cartap
hydrochloride were 82.70 and 79.16, respectively.
Phosphamidon, parathion-methyl, endosulfan,
quinalphos and fenitrothion are reported as effective
insecticides for the management of C. fallax in
India (Kashyap et al., 1980).

Integrated management of Chauliops choprai
under field conditions

The results of the field trials on Integrated Pest
Management (IPM) on C. choprai using botanical,
Bt and insecticide is given in Table 6. The
pretreatment count ranged from 9.42 to 10.42 bugs
three leaves'! plant!. At 3 DAT, treatments like,
cartap, batain extract and batain + Bt registered
low pest population of 0.84, 2.92 and 2.92,
respectively which were not significantly different
with each other. Batain and cartap hydrochloride
was found to reduce the bug population to 1.0 and
1.82 per plant on 14 DAT. The overall reduction
with respect to control showed cartap hydrochloride
as superior with 89.59% followed by batain 78.82
per cent.

In the present study, more emphasis was given on
use of bioagents, biopesticides, botanicals/plant
extracts and judicious use of pesticides in
compatible or complimentary manner. Gajanana et
al. (2006) reported that root dipping of seedlings
in imidacloprid, soil application of neem/ pongamia
cake, spraying of botanicals like pongamia soap
and bio-pesticide like Ha NPV has been found
effective against both insect and diseases. Similarly,
El-Mougy et al. (2013) reported that combine
treatments of calcium chloride, thyme oil with bio-
agents reduced significantly root rot incidence of
cucumber, cantaloupe, tomato and pepper plants.
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Table 5 : Bio-efficacy of insecticides on Chauliops choprai in french bean under field conditions

Treatment PTC 3 DAT 7 DAT 14 DAT 21 DAT | Reduction*(%)
T1- Thiamethoxam 5.67 1.50%¢ 3.84° 2.67® 1.83% 58.45
T2- Imidacloprid 4.67* 1.67%° 1.34 2.00® 1.34% 67.46
T3- Dinotefuron 5.34° 2.17% 2.67% 3.17° 1.67% 56.62
T4- Cartap hydrochloride| 5.17° 1.178e 1.50° 0.84* 1.00° 79.16
T5- Deltamethrin 4.83° 0.332 1.17 0.83® 1.17 82.70
T6- Spinosad 517 1.178e 1.83® 2.00® 3.00° 62.94
T7- Indoxacarb 4.84° 0.84® 1.34 2.17® 1.84% 69.44
T8- Endosulfan 4.67* 0.17* 1.17 1.50® 1.67% 76.93
T9- Profenophos 5.00° 2.83¢ 1.67* 2.67° 2.33% 54.53
T10- Control 517 7.17¢ 5.50¢ 5.00¢ 6.00° -
CD# 1.18 0.56 0.95 0.67

* Per cent reduction is with respect to control calculated using Henderson Tilton formula

$ Analyzed using SPSS after square root transformation
In a column means followed by a common letter are not significantly different at p=0.05 by LSD

(Mean of three replications)

Table 6 : Integrated management of Chauliops choprai in the frenchbean under field conditions

Treatment PTC 3 DAT 7 DAT 14 DAT 21 DAT |Reduction *(%)
Bt 10.172 9.00° 8.50° 8.17° 9.50° 26.09
Batain 10.252 2.92: 2.17° 1.83® 3.25° 78.82

Bt+ Batain 10.42° 2.928 2.17° 2.09° 3.33¢ 78.46
Cartap hydrochloride 9.42: 0.84* 0.84* 1.00° 1.92¢ 89.59
Control 10.172 11.42¢ 11.50¢ 12.17¢ 12.50¢ -

CD# 2.53 3.11 3.47 3.23 -

(Mean of three replications)

* Per cent reduction is with respect to control calculated using Henderson Tilton formula

$ Analyzed using SPSS after square root transformation

In a column means followed by a common letter are not significantly different at p=0.05 by LSD

Evaluation of different IPM modules against
French bean diseases and insect pests

Based on the findings of different sets of experiments,
six efficacious treatments against bean disease and
insects were selected. Six different IPM modules
involving different organic/inorganic substrate/
chemicals/bioagents in different combinations along
with pure chemicals and untreated check were tested
against french bean diseases and insect pests. Results
presented in Table 8 revealed a lowest root rot
incidence (8.63%), rust severity (3.50%), angular leaf
spot (2.50%), bacterial blight (2.17%) and Chauliops
choprai bug population (1.50 plant') in T7 i.e. seed

treatment with carbendazim along with foliar spray
of azoxystrobin @ 0.1 and cartap hydrochloride,
followed by T4 (seed treatment with 7. harzianum
strain 11 and 28 along with soil application of P,
hysterophorus and foliar spray of azoxystrobin @ 0.1
and cartap hydrochloride). However, other IPM
modules comprising of organic substances viz., T1,
T3 and TS5 were also found equally effective in
reducing diseases and insect-pests of french bean. An
increase of 96.6 per cent yield over control was
obtained with treatment T4 (9.66 t/ha) which was at
par with treatments T2 (95.5 %) (9.55 t/ha) and T7
(94.8 %) (9.48 t/ha).
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Table 7 : Evaluation of different IPM module options against french bean diseases and insect-pests

%
%
R

Root rot | Rust ALS BB Sucking | Yield
Treatment (%) (%) (%) (%) Bug (t/ha)
(%)
T1 - ST Th(11+28)+SA Lantana+FS Cow 12.63% | 19.83% | 12.28%¢ | 6.60 2.75a 5.5%
dung extract+FS BSKE (20.80) | (26.20) | (20.13) | (14.85) (9.50)
T2 -ST Th11+28)+SA Lantana+FS 12.97° 3.66° 2.923be 2.40° 1.75a 9.55¢
Azoxystrobin+FS Cartap hydro (21.08) | (10.78) (9.67) (8.72) (7.52)
T3 - ST Th 11+28 + SA Lantana + FS 13.10° | 20.95% | 11.58®cd | 4,83 2.73a 6.60°
Panchgavya + FS BSKE (21.16) | (26.65) | (19.58) | (12.64) (9.42)
T4 - ST with Th 11+28 + SA Parthenium + 9.53% 3.53q 2.20° 1.337 1.68a 9.66°
FS Azoxystrobin @ 0.1 + FS Cartap (17.97) | (10.66) (8.34) (6.60) (7.35)
hydrochloride
T5 - ST with Th 11+28 + SA Parthenium + 10.87" 17.89° 12.42¢¢ 4.27® 2.80a 6.53°
FS Cow dung extract @ 50 % + FS BSKE (19.25) | (24.89) | (20.43) | (11.83) (9.61)
@ 10 %
T6 - ST with Th 11+28 + SA Parthenium + 13.20° 18.92% | 10.50% | 6.77% 2.68a 6.4°
FS Panchgavya @ 3 % + FS BSKE (21.30) | (25.44) | (18.69) | (14.82) (9.37)
@ 10 %
T7 - ST Carbendazim + Azoxystrobin @ 8.63° 3.50° 2.50® 2.17° 1.50a 9.48°
0.1 FS + cartap hydrochloride FS (17.08) | (10.71) (8.97) (8.41) (6.84)
T8 - control 29.00¢ 35.58¢ 19.00¢ 12.13¢ 17.50° 3.65°
(32.57) | (36.58) | (25.64) | (20.29) | (24.43)
Turkey HSD (P = 0.05) 2.32 7.08 6.88 2.98 4.38 1.57

(Means of three replications)

Figures in parentheses represent arc sine transformed values

Means in the same column followed by different letters are significantly different (P < 0.05).

ALS: Angular leas spot, BB: Bacterial blight

The integrated disease and pest management involves
a total system approach for the suppression of
pathogens and insect populations to a level where
higher yields can be obtained and enables the farmers
to achieve maximum economic return. In the present
study, more emphasis has given on use of bioagents,
biopesticides, botanicals/plant extracts, and judicious
use of pesticides in compatible or complimentary
manner. Similarly, Pande et al. (2009) emphasized
about the use of Integrated Disease management
(IDM) modules for important foliar and viral diseases
of legumes including bean. Stevens et al. (2003)
reported that long-term effectiveness of IPM plus soil
solarization reduced soil borne diseases of vegetables
for more than two years after solarization. The IPM
technology has been found economically viable as the
yield on IPM farms has been found higher by about
46 per cent, cost of cultivation has been less by about
21 per cent and the net returns have been higher by
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119 per cent (Gajanana ef al., 2006). Hence there is
lot of scope for co-operative awareness among the
farmers in enhancing the use of IPM practices
especially in vegetable cultivation.

CONCLUSION

The present study concludes that bioagent fortified
composts, organic amendments, botanicals, fungicides
and insecticides alone or in combination have potential
to enhance the germination, controlling soil and foliar
diseases and insect populations of french bean. Acute
toxicity assays (LC-,)) revealed deltamethirn as the
highly toxic insecticide for sucking bug, Chauliops
choprai followed by diafenthiuron and indoxacarb.
But in field conditions, deltamethrin was not
statistically superior to cartap hydrochloride in
efficacy against sucking bug with the percent pest
reduction of 82.7 and 79.2 per cent. In IPM trial,
Melia azedarach (batain) extract 5 per cent and



cartap hydrochloride were found to be effective
against the sucking bug registering a per cent pest
reduction of 78.8 ad 89.6 per cent, respectively and
thus can be recommended.
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Pollen germination studies in Giant Himalayan Lily (Cardiocrinum giganteum
Wall.) a high value of ornamental plant in Western Himalayan region
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ABSTRACT

Giant Himalayan lily (Cardiocrinum giganteum Wall.) is a perennial bulbiferous herb of
Liliaceae and an endemic species in the eastern Himalayan region, which has become one of
the new flower crops because of its hich ornamental value. The present investigationwas
conducted to study pollen morphologyi.e., fresh pollen grains size was measured in different
media, viz., water, acetocarmine, glycerol and without any medium (dry). The pollen grains of
Giant Himalayan lily exhibited the average size (length x width) of (22.64 x 19.72n) in water
suspension. The result revealed that in glycerine and dry condition shape of pollen grains was
perprolate. However, in water and acetocarmine it looked was round in shape. The result
also shown that highest pollen germination (54.70%, 63.69%) and pollen tube growth (89.24p,
175.85pn) in 10% sucrose solution for 12 hours and 24 hours respectively. In control light
treatments, red light was found to be best in pollen germination and pollen tube growth.

Keywords : Pollen morphology, pollen tube, growth regulators, pollen germination.

INTRODUCTION

The Giant Himalayan lily (Cardiocrinum giganteum
Wall.) is the largest species of the lily plants, belong
to the family Liliaceae. The genus Cardiocrinum
consists of three species distributed geographically in
the Himalayas (C giganteum), China (C. cathayanum)
and Japan (C. cardatum) among that C. giganteum
(Wallich.) Makino [syn. Lilium giganteum (Patterson
and Givnish 2002)], commonly known as giant
Himalayan lily. It has two varieties: C. giganteum var.
Giganteum and C. giganteum var. yunnanense. C.
Giganteum var. giganteum is native to the Himalayan
region of tropical Asia (Bhutan, India, Nepal and
Mayanmar) and C. Giganteum var. Yunnanense to
temperate Asia (Southeast China) (USDA- ARS
2009). In India, C. giganteum var. giganteum grows
in dense deciduous moist temperate forest woodlands
at altitudes of about 1,500-3,000 m in the Himalayas
(Genders 1994 and Guar 1999).The plants produce
bulblets at the base of the taxon (Fox 1985 and Huxley
1992). It is monocarpic in nature and produce flowers
in monsoon (July- August) and seed setting occur in
the autumn (October- November). Cardiocarinum
giganteum is grown as an ornamental plant in

temperate region of the Northern Hemisphere including
the United States (Phartyal et al., 2012). Oldfield
(1991) confirmed its continuation in international trade
in horticultural bulbs of wild origin from India. In
addition to being an introduced ornamental, the species
is hermaphroditic and has been reported to be an
invasive species in its introduced habitat. Phartyal et
al.,(2012) stated that Giant Himalayan Lily has are
suitable for screening purpose, grown in shaded and
Bog Garden, border making and bedding purpose. The
flowers can be used as a cut flower formatting
bouquet, Flower arrangement and decorations. Beside
ornamental value; plants known to contain bioactive
compounds, such as isopimarane type diterpenoids
(Liu,1984) locally used for medicinal purpose. The
starchy bulbs of C. giganteum are the staple food of
local people in Guangxi and Yunnan (Li, 1997). The
great economic value of Cardiocrinum species has
brought about over exploitation and habitat
fragmentation/ isolation of their natural populations
(Li et al., 2012) which might decrease not only
population size but also genetic diversity. Present
studies on by keeping the above points in considered
to the study of pollen germination and pollen tube
growth for further biological studies.
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MATERIALS AND METHODS

A field experiment was conducted at College of
Horticulture, VCSG, UUHF, Bharsar, Pauri Garhwal,
Uttarakhand, India during June 2020. The
experimental site located at an altitude of 1900 m asl
at a Longitude of 78.99° E and Latitude of 30.056°
N. The climate of Bharsar is typically temperate type
with mild summer, higher precipitation during rainy
season and severe cold prolonged winter with
occasional snowfall (Bisht and Sharma 2014).

The size of pollen grains was measured with the help
of ocular micro indexed against stage micrometre
(Aneja, 2003). The pollen morphology size
measurement was done in different media, viz., water,
acetocarmine, glycerol and no medium (dry). The
experiment used replicated five times in complete
randomized block design (Gomez and Gomez 1984).
In second experiment effect of different chemicals viz.,
sucrose, IAA, IBA and GA, (1, 5, and 10 ppm each)
on pollen germination was done. The treatment was
replicated three times in complete randomized block
design. In third experiment effect of different light
colours viz., red, blue, green violet and pink in pollen
were also tested and replicated five times in complete
randomized block design. Pollen was collected from
mature anthers. Bulk of the pollen was distributed into
germination media in cavity slides and placed at room
temperature (15+£22 °C) for 12 and 24 hours.
Germination was quantified as the percentage of
germinated pollen grains per 100 evaluated. Pollen
grain was considered germinated when the pollen tube
length was greater than the diameter of the pollen grain
(Tuinstra and Wedel, 2000).
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RESULTS AND DISCUSSION

Pollen morphology (Size and shape)

The pollen grains of Giant Himalayan lily (Table 1
and Fig. 1) exhibited the maximum size (length x
width) of 22.64 x19.72p in T, (water suspension).The
minimum size of pollen grains in length acetocarmine
staining 19.02u and width dry conditions 11.37u. The
shape of pollen grains in glycerine and dry condition
were found perprolate whereas, in acetocarmine and
water it looked round. The result of present
investigation was accordance with the finding of
Selvarasu et al., (2019) found the average fresh pollen
size was 65.24 um in G rothschildiana. In dry
conditions and glycerol shape of pollen was perprolate
which was actual shape of pollen grains, while in other
media i.e., acetocarmine and under water conditions
it looked like round. The perprolate shape in glycerine
and dry conditions might be due to inner gradient
matter which in not equally proportion to the exine
material of pollen grains. Prativa et al. (2012) the
differences in the pollen diameter among the varieties
might be due to their genetic makeup in rose. Hemanta
et al., 2017.The comparison of pollen diameter
between the small bud and large bud showed that the
large bud had bigger pollen diameter than the small
bud. The reason for bigger pollen diameter of large
bud might be due to the bigger size of bud and
maturity.

Pollen germination and pollen tube length

The data of pollen germination and pollen tube length
in Giant Himalayan Lily were taken at 12 hours
intervals. Presented in Table 2 and Fig. 1. The data
revealed that the maximum pollen germination

Table 1 : Variation in pollen shape and size in different media

Size of pollen grain (n) = SE (m)

Treatment

Length Width
T, - Water (control) 22.64 £ 0.56 19.72 £ 0.40
T, - Dry conditions 21.80 £ 0.18 11.97* £ 0.18
T, — Acetocarmine 19.02*+ 0.89 17.81* + 0.66
T, — Glycerol 20.42%+ 0.39 13.05 *+ 0.24
SE(d) 0.810 0.590
CD 05 1.732 1.260
CV 6.107 5.960

p = micron (unit of pollen length and width)

*Significant at 5 % level of significance as compared with (control)
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Table 2 : Pollen germination percentages and pollen tube elongation at different incubation time

Pollen Pollen Pollen tube Pollen tube

Treatment germination (%) germination length(n) length(n)

+ SE (m) (%) = SE (m) + SE (m) + SE (m)

(12 hours) (24 hours) (12 hours) (24 hours)
T, Water 20.37+0.74 32.36+1.05 16.63+0.96 32.25+3.86
T, 1 % Sucrose 40.73*+1.29 55.86*%+5.73 38.65+£12.30 55.57*+9.15
T, 5 % Sucrose 49.46*%+4.62 56.74*+1.63 61.18*+4.74 119.06*£11.16
T, 10 % Sucrose 54.70%+2.32 63.69*+3.56 89.24*4+39.73 175.85%+£8.50
T, 20 % Sucrose 36.26%+3.15 40.45*+2.09 21.86+1.46 44.41+3.14
T, 1ppm GA, 37.73*%+0.82 48.50*%+1.88 22.24+1.38 36.60+1.01
T, 5ppm GA, 32.43*+0.36 38.02+1.12 23.41£2.80 32.50+1.81
T, 10 ppm GA, 27.68%+0.34 35.81+1.23 24.83+2.69 32.48+1.33
T, 1 ppm IBA 25.12+0.97 38.08+0.78 21.04+0.87 73.46*+2.09
T,, 5 ppm IBA 29.19*%+4.92 35.28+0.84 47.09+6.14 73.21*%+9.97
T, 10 ppm IBA 25.87+2.99 34.08+1.03 22.93+2.42 39.35+£3.26
T, 1 ppm IAA 26.50+0.57 39.34%+0.54 20.96+1.70 40.78£2.75
T,, 5 ppm IAA 25.20+2.03 37.21+0.54 29.45+1.84 51.91*+12.94
T, 10 ppm IAA 23.46+0.56 35.53+1.26 28.41£5.55 40.65£1.58
SE (d) 3.355 3.032 16.276 9.277
CD,5, 6.907 6.243 33.511 19.100
C.V 12.649 8.798 59.635 18.754

pu= micron (unit of the pollen tube length and width)

*Significant at 5% level of significance as compared with control

percentage was recorded with T, (54.70%) 10%
sucrose solution. The minimum pollen germination
percentage was recorded with T, (20.37%) water. All
the treatments were found to be significant as
compared to control except T, (IBA 1ppm), T, (IBA
10ppm), T, (IAA 1ppm), T, (IAA Sppm) and T,
(IAA 10ppm). The maximum pollen tube length was
recorded in T, (10% sucrose) 89.24 p and found
statically at par with T, (5% sucrose) 61.18p.
Minimum pollen tube length (16.63 u) was recorded
in T, water (control).

The pollen germination and pollen tube length in Giant
Himalayan lily at 24 hours interval has been depicted
in Table 2 and Fig.3. It was recorded that the
maximum pollen germination percentage was recorded
in T, (63.69%) 10% sucrose solution. The minimum
pollen germination percentage (32.36%) was in
T, water (control) and found statically at par with
treatmentsT, (GA,;5ppm) T, (GA, 10ppm),T, (IBA
Ippm), T,, IBA Sppm), T, (IBA 10ppm),T ,(IAA

Sppm) andT ,(IAA 10ppm). The maximum pollen tube
length was recorded in T, (175.85 p). 10% sucrose
solution. The minimum pollen tube length (32.25 p)
was recorded in T, water (control) and found statically
at par with treatments T (Sucrose 20%), T (GA3
Ippm), T (GA3 5ppm), T,(GA3 10ppm), T (IBA
10ppm), T ,(IAA Ippm) and T (IAA 10ppm).
Hemanta et al. (2017) who reported highest pollen
germination with 15 % sucrose and 15% sucrose +
60 ppm boric acid in Tuberose. Chaudhary (1991) and
Jisha (1999) who reported the best pollen germination
of gladiolus under 15 % sucrose + 75 ppm boric acid
in germination medium. Yuxin et al. (2005) also found
that sucrose and boron have great effects on the
germination of lily pollen. Assessment of pollen
viability has direct relevance in hybridization as pollen
of male parent takes part in the fertilization process.
Therefore, pollen germination study is an important
activity in order to determine the potentiality of male
parent for fertilization and seed setting after crossing
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(Shivanna et al., 1991). Mascarenhas and Mermeistein
(1981) also emphasized the need for newly synthesized
protein for tube growth. An array of plant growth
regulators and other chemicals have been empirically
added to the culture medium to promote pollen
germination and tube growth and the positive effects
of some of these substances have led to speculation
about their biochemical functions. Further, pollen
germination and tube elongation are independent
processes governed by separate sets of conditions
(Malik, 1985).

Effect of light color on pollen germination and tube
elongation

The pollen germination and pollen tube length in Giant
Himalayan lily plants at 12- and 24-hours interval is
depicted in Table 3 and Fig. 2. It was observed that
pink light (no germination) and violet light (20.85%)
inhibited pollen germination, and also pollen tube
growth. The maximum pollen germination and pollen
tube elongation were observed in red light recording
35.99% and 46.23p respectively. Finding is
accordance with report by Nautiyal et a/, (2009) in
Aconitum balfourii (Benth) Muk. and Aconitum
heterophyllum Wall. found highest pollen germination
and pollen tube growth in red and green light
respectively. Maximum pollen germination and tube
elongation in red color suggest the involvement of
phytochromes, as red synthesizes phytochrome protein
and its biological manifestation (Sharma and Malik,
1978; Korner 1999).
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Fig. 1 : Pollen morphology Giant Himalayan Lilly

a. water, b. acetocarmine, c. glycerine and
d. dry (fresh condition)

Table 3 : Effect of light on pollen germination and pollen tube elongation at different incubation time

Pollen Pollen Pollen tube Pollen tube
Light germination germination length (n) length (w)
colour (%) = SE(m) (%) = SE(m) + SE(m) + SE(m)
12 hours 24 hours 12 hours 24 hours
T, Red 29.624+2.12 35.99+3.07 29.33+1.63 46.234+2.86
T, Blue 17.29%+0.98 27.38%£1.77 22.88%£1.36 31.94*+2.36
T, Gre