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Abstract

Due to high respiration and ethylene production, tomato (Solanum lycopersicum) is highly perishable horticulture produce that
deteriorates faster during the post-harvest storage period. Calcium nutrition is important to overcome these losses as it helps in
retarding ripening process during storage and improve the post-harvest quality tomatoes. Hence a field experiment was con-
ducted with different calcium sources and levels viz., Calcium sulphate, Calcium Nitrate, Calcium silicate, Poultry manure and
Pressmud applied at 0, 20, 40, 60 and 80 kg Ca ha™. A storage study was conducted in a factorial completely randomized block
design (FCRD) to ensure the effective role of calcium in post-harvest quality of hybrid tomato. Tomatoes were analyzed for pH
of fruit juice, firmness, titratable acidity, total soluble solids, moisture content and physiological loss at five days intervals upto
15 days. The results revealed thatCalcium sources and levels had highly significant impacts on the quality of tomato fruits. The
tomatoes harvested from the plot applied with poultry manure at 80 kg Ca ha' retained the highest fruit firmness(3.76 N m'1),
moisture content (88.2%) and the lowest weight loss (8.82%) in fruit, highertitratable acidity (0.41%), lesser pH (3.61)andtotal
soluble solids (4.23 °Brix). Hence the application of poultry manure at 80 kg Ca ha'was beneficial in improving the quality and
extending the storage life of hybrid tomatoes.
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INTRODUCTION

Tomato (Solanum lycopersicum), a widely grown vege-
table crop, originated in tropical America, is day-neutral,
annual, herbaceous, short-lived, self-pollinated crop
with diploid chromosome number and consumed in a
variety of forms. It contains protein, carbohydrates,
fibres, calories, vitamins and minerals (Chew et al.,
2014; Sajid et al.,2020). It has been reported that toma-
to plays a major role in the healthy diet of human and
prevents diseases such as cancer, cardiovascular and
neurodegenerative diseases (Dorais et al., 2008).
Though tomato has numerous benefits, as it isa highly
perishable vegetable, it undergoes post-harvest losses

due to the influence of storage temperature, moisture
content of the fruit, ethylene production and high respi-
ration during the ripening process of fruit (Fouda,
2017). In tomatoes, plant senescence and fruit ripening
are regulated by calcium and it significantly affects the
quality of fruits (Soundharya et al., 2019). This process
could be controlled and delayed by calcium (Ca) fertili-
zation, which also helps in maintaining the firmness of
tomato fruits.

Calcium, a secondary nutrient increases the storage
life of tomatoes by retarding ethylene production and
respiration rate of fruit on ripening (Yang et al., 2012). It
is considered as an important multifunctional signalling
ion, which rigidifies the cell walls of the fruits by cross-
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linking the pectins, which remain fruits ambiguous. It
also effectively reduces physiological diseases and
maintains fruit firmness thus regulating fruit quality
(Aghdam et al., 2012; Zhao and Wang, 2015; Gao et
al.,2019). It has been reported that calcium could main-
tain the hardness of fruit by delaying the ripening and
senescence process, enhancing the cold storage re-
sistance of fruits by regulating reactive oxygen species
content, inhibiting post-harvest disease and maintaining
fruit quality (Madani et al., 2014; Al-Qurashi and Awad,
2019; Gao et al., 2019; Wei and Zhao, 2020).The defi-
ciency of calcium in fruits is mainly due to limited calci-
um mobility throughout plants, resulting in short supply
of fruits than shoots (Lobos et al., 2021). Hence, calci-
um application has gained more attention as it effective-
ly delays the ripening of fruits and vegetables and also
senescence to maintaining their quality (Guo et al.,
2020).

Therefore, considering the major role of calcium in im-
proving post- harvest quality and shelf-life of tomatoes
by delaying the ripening and senescence of fruits, this
study was conducted to know the effect of calcium ferti-
lisation on hybrid tomatoes in maintaining the fruit quali-
ty and improving the storage life of tomatoes.

MATERIALS AND METHODS

Description of the experiment

A field experiment was conducted on a Palaviduthi soil
series of the farmer’s holdings at Devarayapuram, Co-
imbatore (N 11°00.218, E 076°48.094) using hybrid
tomato ‘Shivam’. Different sources and levels of calci-
um fertiliser/manure inputs were applied to know the
role of Ca in improving the growth, yield and fruit quality
of hybrid tomato besides the storage life of harvested
fruits.

Treatments and experimental design

The treatment comprised of two factors: factor-A
(Sources) and factor-B (Levels). Factor-A consisted of
six sources of calcium viz., Calcium sulphate (S1), Cal-
cium Nitrate(S2), Calcium silicate(S3), Poultry manure
(S4) and Pressmud(S5), whereas calcium levels as
factor-B included 0, 20, 40, 60, 80 kg Caha™. The
treatments were laid out in 5 x 5 factorial arrangements
in a randomized block design (RBD) with three replica-
tions. The tomatoes were harvested from each treat-
ment separately and were analyzed for post-harvest
quality parameters.

Cultivation Practices

‘Shivam’ is considered as a ruling tomato variety by M/
s.HYVEG- Rasi Seed, Tamil Nadu, having semi-
determinate growth habits with good foliage cover,
vigour and flat round fruits, was chosen as the test
crop. The ridges and furrows were made in the

experimental field after ploughing and levelling. About
25 days old seedlings of tomato hybrid were transplant-
ed with the spacing of 45 cm x 30 cm. The major
nutrients such as nitrogen as urea, phosphorus as
di-ammonium phosphate (DAP) and potassium as
muriate of potash (MOP) were applied as per Soil Test
Crop Response (STCR) - Integrated Plant Nutrition
System (IPNS) fertilizer prescription to achieve the
targeted fruit yield of 70 tonnes ha™. All the agronomic
practices such as weeding, cultivation, irrigation were
carried out as per recommendations (TNAU -Crop
Production Guide, 2020).

Fruit sample collection, processing and analysis
Tomatoes were harvested at the red ripened stage
from each plot separately and from which eight fruits
were selected randomly from every treated plot. The
collected samples were divided into two categories as
destructive and non-destructive samples; each consist-
ed of four fruits and was placed on tables separately
apart from each other. Data on various fruit quality pa-
rameters was collected at five days intervals on initial,
5™ 10™ and 15" days after storage. Quality attributes of
tomato fruits such as physiological weight loss (%),
moisture content (%), firmness (N m™), pH, titratable
acidity (%) and total soluble solids (°Brix)of fruits were-
also determined using the standard procedures given
below:

Physiological loss in weight (PLW)

Moneruzzaman et al. (2008) described determining
physiological loss in weight of tomato fruits where the
samples from non-destructive category were weighed
using the digital balance on 0", 5 10" and 15" day
after storage. The weight loss was calculated for each
interval and converted into percentage as

__ InitialWeige(g)—FinalWeiglt (g)

FLW(%) - Initialweigdtig) x 100
...... Eq.1
Moisture content, firmness, pH, titratable

acidity and total soluble solids

The moisture content (wet basis) in the fruits was deter-
mined using ahot air oven at 105°C for 6 hours until
attaining constant moisture, according to the AOAC
procedure (AOAC 2000).The firmness of tomato was
determined by using a ‘Digital Fruit Penetrome-
ter (Model GY-4).pH of tomato fruit juice sample was
determined using electronic pH meter where one gram
of fruit sample was homogenized in 1 ml of boiled dis-
tilled water and 1 ml of de-ionized. Titratable acidity of
tomato juice was determined by titration against 0.1 N
of sodium hydroxide (NaOH) solution using phenol-
phthalein as an indicator and expressed in percent cit-
ric acid as proposed by Gaikwad, et al. (2020). The
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total soluble solids content in the fruit was determined
using the evaporation method described by Ranganna
(2000). The known weight of fruit samples was taken
in a pre-weighed beaker, crushed and evaporated to
dryness, keeping it in a water bath. The final weight
was noted and calculated for expressing the total solu-
ble solid content in the fruits.

Statistical analysis

The data obtained from the investigations were subject-
ed to the analysis of variance using IBM Statistical
Package for the Social Science Softwareversion 22 to
determine the significance. Wherever the treatment
differences were found significant, critical differences
(CD) were worked out at a 5% level of significance and
denoted by symbol *for 5% and ** for 1%. Non-
significant comparisons were indicated as NS.

RESULTS AND DISCUSSION

Physiological loss in weight (PLW)

The statistical analysis of data on the physiological loss
in weight of tomato fruits has no significant (P=0.05)
differences among various calcium sources; however,
significantly differ among different levels of calcium and
on storage time. The average percentage loss infruit
weight was 7.00 to 11.2% (Table 1). The lowest loss in
weight (4.41%) was observed in the fruit collected
fromthe plots applied with poultry manure at 80 kg Ca
ha”.The physiological weight loss was found to de-
crease with increased calcium concentration and in-
creased with storage period which ranges from 5.25 to
8.52% (Fig. 1). The mean lowest loss in fruit weight
throughout storage period was registered with poultry
manure (5.25%). The decreased physiological weight
loss with increasing calcium levels might be due to its
role as an intermolecular binding agent in stabilizing the
protein-pectin complex of the middle lamella. Thus

holds the cell wall structure by forming calcium pectate
through interacting with pectic acid in the cell wall
(Zhao and Wang, 2015; Gao et al., 2019). High calcium
leads to reduced transpiration and respiration rates,and
decreased loss of protein and phospholipids, decreas-
ing the physiological weight loss of hybrid tomato and
increasing the post-harvest shelf life (Wei and Zhao,
2020; Gao et al., 2019).

Moisture content

The significant impact of Ca fertilization on the mois-
ture content of tomato fruits on ripening was noticed
and the mean moisture content ranges from 86.3 to
90.7% (Fig. 2) among different sources. Initially, the
highest moisture content (93.7%) was found in the to-
mato fruits harvested from poultry manure applied at
80 kg Ca ha™ and the mean lowest moisture content
(85.9%) was registered in the tomatoes where no calci-
um was applied (NPK control). On increasing storage
time, the moisture content got decreased with increas-
ing calcium concentration (Table 2). In general, the
moisture content in tomato fruits decreases on ripening
which might be due to ethylene production during the
onset of ripening as ethylene mediates the exchange of
moisture between the ambient atmosphere and tissue
water content (Frenkel and Hartman, 2012, Sotiropou-
los et al., 2021).Calcium, as it retards ethylene produc-
tion, reduces respiration rates, resulting in less loss of
moisture content in tomato fruits (Haleema et al. 2020).

Fruit firmness

The firmness of hybrid tomato was found to be signifi-
cantly influenced by various calcium sources and levels
on storage period. It was evaluated for 15 days at a
five-day time interval ranging from N m™ (Fig. 3).The
firmness of tomato increases with increasing calcium
concentration 2.54 to 5.32 N m™ and decreases with
storage time irrespective of various treatments (Fig. 4).

Table 1. Physiological loss in weight (%) of hybrid tomatoes as influenced by various sources and levels of calcium

Physiological weight loss (%)

Calcium sources

Levels of calcium (kg ha™)

0 20 40 60 80 Mean
Calcium sulphate 12.8de 12.5d 11.2cd 10.1bd 9.04ad 11.2
Calcium nitrate 12.6¢ce 11.3cd 10.0c 8.94bc 7.84ac 10.2
Calcium silicate 13.8ce 10.2cd 8.94c 7.84bc 6.74ac 9.52
Poultry manure 10.5be 7.91ad 6.61ac 5.51ab 4.41a 7.00
Pressmud 14.6be 9.14bd 7.84bc 6.74b 5.64ab 8.80
Mean 12.9 10.2 8.94 7.84 6.74 9.33
S L SL
SEd 0.68 0.60 1.50
CD (P=0.05) NS 1.20 3.00

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference
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Fig. 1. Physiological loss weight (PLW) in hybrid tomatoes
influenced by various sources and levels of calcium during
the storage period of 15 days
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Fig. 3. Changes in fruit firmness of hybrid tomato as
influenced by various sources and levels of calcium

f0 E20 B0 B60 Y
920 -
900 -
880 -
860 -
§40 -
820 -
§0.0 -
780 -

Mloisture content (%a)

Caleium sulphate Calcium Nitrate Calcium Silicate Poultrymanure  Press mud

Calcium Sources (kg ha )

Fig. 2. Changes in moisture content of hybrid tomato as
influenced by various sources and levels of calcium
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Fig. 4. Changes in fruit firmness of hybrid tomato as influ-
enced by various sources and levels of calcium during
storage period of 15 days

Table 2. Changes in fruit moisture content of hybrid tomato as influenced by various sources and levels of calcium

during storage period of 15 days

Fruit moisture content (%)

Calcium sources

Storage period (Days)

Initial 5 10 15 Mean
Calcium sulphate 90.5% 87.3% 84.7* 82.9% 86.3
Calcium nitrate 91.7% 88.5% 86.0% 84.1° 87.6
Calcium silicate 92.8" 89.6 87.1% 85.2° 88.7
Poultry manure 94.9% 91.7% 89.1% 87.3% 90.7
Pressmud 937 90.4% 87.6% 85.9° 89.4
Mean 92.7 89.5 86.9 85.1 88.5

S T ST
SEd 0.32 0.26 0.64
CD (P=0.05) 0.63 0.51 1.26

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference

The higher fruit firmness (6.85N m™) was recorded in

on ripening which undergoes compositional

structural

and

tomatoes harvested from poultry manure applied at 80
kg Ca ha™ and the lowest firmness was recorded in no
calcium applied control plot. It was reported that there
was a gradual decline in the firmness of tomato fruits

modifications due to polyuronides and
de-polymerization of pectin, increased enzyme activity,
solubilization and degradation of cell wall polymers,
tissue strength and intercellular adhesion during
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Table 3. Change in the fruit juice pH of hybrid tomato as influenced by various sources and levels of calcium.

Tomato fruit juice pH

Calcium sources

Levels of calcium (kg ha™)

0 20 40 60 80 Mean
Calcium sulphate 4.08% 4.35° 4.33° 4.20 4.19% 4.23
Calcium nitrate 4.13% 4.31% 4.21° 4.08° 4.07%° 4.16
Calcium silicate 3.85% 4.18° 4.08* 3.95% 3.94% 4.00
Poultry manure 3.73* 3.63% 3.46%° 3.34% 3.26% 3.48
Pressmud 3.84% 3.74% 3.61° 3.60% 3.67° 3.69
Mean 3.93 4.04 3.94 3.83 3.82 3.91

S L SL

0.01 0.01 0.03
CD (P=0.05) 0.03 0.03 0.06

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference

Table 4. Changes in fruit juice pH of hybrid tomato as influenced by various sources and levels of calcium during the

storage period of 15 days

Tomato fruit juice pH

Storage period (Days)

Calcium sources

Initial 5 10 15 Mean
Calcium sulphate 4.04% 4.08% 4.18%® 4612 423
Calcium nitrate 3.97%¢ 4,013 4.11%° 4.54%° 4.16
Calcium silicate 3.81% 3.86% 3.95% 4382 4.00
Poultry manure 3.29% 3.340 3.44 3.86%° 3.48
Pressmud 3.50%° 3.55% 3.65% 4.07% 3.69
Mean 3.72 3.77 3.87 4.29 3.91

S L SxL
SEd 0.01 0.01 0.03
CD (P=0.05) 0.03 0.03 0.06

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference

ripening (Tilahun et al., 2017; Fan et al., 2017). The
fruit firmness increases with increasing concentration of
calcium, as it retards ethylene production, respiration
rates; it also maintains cell turgor pressure and mem-
brane integrity by binding to proteins and phospholip-
ids, which stabilizes plasma membrane and improves
fruit firmness (Azad et al., 2019; Haleema et al., 2020).

Fruit juice pH

The analytical data on fruit juice pH values differed
significantly with various calcium sources and their lev-
els of application on storage period (Table 3 and 4).
The pH value ranges from 3.48 to 4.23.Lesser pH was
recorded in tomatoes harvested with poultry manure
applied at 80 kg Ca ha™ (3.26). It is known that the pH
of the tomato fruit juice increases on ripening due to a
decrease in the hydrogen ions concentration attributed
to the organic acid’s conversion into sugars (Barragan-
Iglesias et al., 2018; Demes et al.,2021). A decline in
acidity was attributed to the increased activity of citric
acid glyoxylate during ripening (Rathore et al., 2007;
Demes et al., 2021). However, the inverse relationship

between pH and titratable acidityon ripening was fol-
lowing the results reported by Moneruzzaman et al.
(2008). The lowest fruit juice pH was maintained by
calcium, which agreed with the study conducted by
Demes et al.(2021), who experimented with the effect
of calcium on tomato fruit quality.

Titratable acidity (TA)

The results showed significant differences in the ftitrata-
ble acidity with the application of various calcium
sources and levels and the acidity varies from 0.38 to
0.42 % (Fig. 5 and Table 5). The highest acidity
(0.47%) was recorded in fruits harvested from plots
applied with poultry manure at 80 kg Ca ha™ and the
lowest acidity (0.38 %) was found at calcium sulphate
at 20 kg CA ha™. On ripening, the TA decreased, per-
haps on increasing calcium concentration; the acid con-
tent got retained, increasing the acidity. The decline in
acidity on ripening irrespective of different calcium
sources might be due to the uptake of organic acids as
a respiration substrate, acid to sugar conversion, meta-
bolic translocation and transformation during storage
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Table 5. Changes in titratable acidity of the fruits of hybrid tomato as influenced by various sources and levels of
calcium during storage period of 15 days.

Titrable acidity (%)

Storage period (Days)

Calcium sources

Initial 5 10 15 Mean
Calcium sulphate 0.43° 0.40° 0.36° 0.34° 0.38
Calcium nitrate 0.43 0.40%° 0.37" 0.34" 0.39
Calcium silicate 0.45%° 0.42° 0.39%° 0.36%° 0.40
Poultry manure 0.47° 0.43° 0.40° 0.38° 0.42
Pressmud 0.45° 0.42%® 0.39° 0.36° 0.41
Mean 0.44 0.41 0.38 0.36 0.40
S T ST
SEd 0.0065 0.01 0.0131
CD (P=0.05) 0.0129 0.0105 0.0258

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference

Table 6. Changes in the Total soluble solids in the fruits of hybrid tomato as influenced by various sources and levels of
calcium during storage period of 15 days.

Total soluble solids (" Brix)
Storage period (Days)

Calcium sources

Initial 5 10 15 Mean
Calcium sulphate 3.50% 3.93% 4.25% 4.46% 4.04
Calcium nitrate 3.56 3.99% 4.31% 4.52° 4.09
Calcium silicate 3.62% 3.99% 4.34% 4.51% 412
Poultry manure 3.84% 4.27% 459 4.80° 4.38
Pressmud 3.66™ 4.08 4.41bc 4.61° 4.19
Mean 3.64 4.05 4.38 4.58 4.16

S T ST
SEd 0.03 0.03 0.07
CD (P=0.05) 0.07 0.05 0.13

Mean of three replicates; SEd- Standard error of difference; CD-Critical difference

(Usenik et al., 2013, Azad et al., 2019). The acidity was  Total soluble solids (TSS)

increased with increasing calcium levels, which ispossi- The data onfruit TSS showed a significant impact of
bly due to the inhibitory effect of calcium on ripening various sources and levels of calcium on the storage
and reduction in metabolic activity, as reported earlier period and the values ranged from 4.04 to 4.38 °Brix
(Oz and Ulukanli, 2014; Demes et al., 2021). (Fig. 6 and Table 6). The lowest TSS (4.04 °Brix) was
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recorded in the tomato harvested from plot applied with
poultry manure as 80 kg Ca ha™ and the highest TSS
(4.74°Brix) was recorded in calcium sulphate treated
plot at 20 kg Ca ha™ and control plot (NPK control). The
TSS of tomato fruits normally increases on ripening,
possibly attributed to the accumulation of sugars,
starch-sugar conversion and cell wall polysaccharide
hydrolysis (Youssef et al. 2012). There was a gradual
increase in TSS on maturation, which might be due to
the accumulation of simple sugars upon ripening
(Kauret al., 2006, Azad et al., 2019). The mean total
soluble solids decreased with increased calcium con-
centrationand ascribed to the reduced metabolic activi-
ty and slow conversion of carbohydrates to sugars
(Aghdam et al., 2012; Demes et al., 2021).

Conclusion

The present study concluded that the application of
different calcium sources at various levels greatly influ-
enced the fruit quality of hybrid tomato and the shelf
life. The quality attributes such as pH, total soluble sol-
ids, titratable acidity, firmness, moisture content and
physiological weight loss were positively influenced by
poultry manure applied at 80 kg Ca ha™. On comparing
all the sources and levels of calcium, the application of
poultry manure at 80 kg Ca ha™ was found very effec-
tive in improving hybrid tomato’s quality parameters
and shelf-life.
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