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Abstract Guava fruit is a very nutritious and fairly rich
source of minerals, vitamins, and dietary fiber thus medici-
nally rich to cure stomach-related problems. Thus it’s a need
of hour to produce quality fruits without any internal or
external defects or disorders as well as fruits should be free
from chemical residues. The problem to produce the desired
quality of fruits can be overcome by the use of pre-harvest
bagging technology. Thus an experiment was conducted
to evaluate the performance of different bagging materi-
als on fruit appearance and quality. The findings revealed
that the maximum increase in fruit mass (36.38%), fruit
length (20.64%), fruit grade (30.23%), ascorbic acid content
(7.36%) and TSS (48.65%) were observed as compared to
the control in perforated polythene bags bagged at 30 days
after fruit set (PEBD2), newspaper bagged at 30 days after
fruit set (NPBD?2), perforated polythene bagged at 15 days
after fruit set (PEBD1) and butter paper bagged at 15 days
after fruit set (BPBDI1), respectively, whereas maximum
reduction in fruit scar (93.78) recorded in newspaper bagged
at 15 days after fruit set (NPBD1). Findings indicated that
physio-chemical attributes of bagged fruits positively
altered with no scar on fruit skin and without pest infesta-
tion thus ensuring better fruit quality, optimum production
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and consumer acceptance. Thus, bagging is cost-effective
technology, warrants physiologically improved quality fruit
production with consumer satisfaction.

Keywords Fruit bagging - Nutrition - Guava - Fruit
quality - Physiology

Introduction

Guava fruit popularly known as the "Apple of Tropics"
belongs to the family Myrtaceae, and it is native to Tropi-
cal America. Major guava-growing countries are India, the
USA, Cuba, Taiwan, Mexico, Peru, China, Malaysia and
Bangladesh. Guava is the 5th most important fruit of India
based on acreage and production after mango, banana, apple
and citrus. Guava has become more popular in our country
due to its prolific and precocious bearing habit, and wider
adaptability under various agro-climatic conditions (Dol-
kar et al., 2014). It is a fairly rich source of ascorbic acid
(Vitamin C), lycopene and other antioxidants, minerals and
dietary fibers and also contains a significant amount of vita-
mins like- provitamin A (carotene), thiamine, riboflavin,
pantothenic acid, niacin (Sing & Sing, 2005; Kherwar &
Usha, 2016), micro and macronutrient such as potassium,
calcium, phosphorus, iron, sodium, magnesium. Besides
the guava fruits, the other plant parts like roots, leaves and
bark have medicinal properties (Kherwar & Usha, 2016)
and are generally used to manage stomach-related problems
such as gastroenteritis, diarrhoea and dysentery. The phe-
nolic compounds in guava help to cure cancerous cells and
prevent skin ageing over time. The presence of terpenes,
caryophyllene oxide and p-selinene produces relaxation
effects (Naseer et al., 2018). Moreover, the processed prod-
ucts of guava such as juices, jelly, jam, nectar, cheese etc.


http://crossmark.crossref.org/dialog/?doi=10.1007/s40502-023-00733-9&domain=pdf
http://orcid.org/0000-0002-4095-8999
https://doi.org/10.1007/s40502-023-00733-9
https://doi.org/10.1007/s40502-023-00733-9

Plant Physiol. Rep. (April-June 2023) 28(2):238-246

239

are very popular in the world market. In order to reach in
world trade market after the WTO regime, it is important to
boost the quality and production of guava.Generally, fruits
faced many biotic and abiotic barriers during development,
which creates many undesired scars on fruit surfaces. The
blemishes and scars on the fruits cause poor market value.
Several researchers have advocated pheromone traps, pesti-
cide use, poison food traps, field sanitation, etc. todiminish
the upshot of biotic and abiotic factors (Singh et al., 2008;
Sapkota et al., 2010; Wang et al., 2022), but such remedy is
not cost-effective with others limitations.

The living standards of people have markedly improved
and health consciousness after COVID-19 resulted in
increased demand for food safety and its quality, which
propound stiff challenges for conventional agriculture.
The problem faced in the production of the desired quality
of fruit can be overcome by the use of bagging technol-
ogy (Ali et al., 2021).The use of pre-harvest fruit bagging
on fruits has a number of advancements over conventional
production systems. Moreover, trading in the international
market required quality fruits free from undesired quality
and chemical residues. Furthermore, in some countries like
Japan, Australia, USA, Mexico, Chile and Argentina etc.
fruit bagging has become mandatory and these countries did
not import fruits unless they are properly pre-harvest bagged
(Sharma et al., 2014).

A bag around a fruit controls temperature, sunlight, evap-
oration, humidity, and harvesting time (Kim et al., 2008; Ali
et al., 2021) besides minimizing residues of pesticides or
agrochemical residue (Frank, 2018; Xu et al., 2018). Thus,
bagging is an admirable technique to produce fruits with a
very low input or residues of pesticide. Bagging can improve
the quality of the fruits through alteration in their physiology
and consequently the morphology viz improvement in fruit
size, fruit mass, fruit texture, fruit skin appearance, colours
and glossiness, fruit ripening process besides reduction in
fruit drop, lenticels discolouration, post-harvest losses, fruit
spot injury, cracking, blemishing etc. (Kitagawa et al., 1992;
Han et al., 2002; Li et al., 2008; Liu et al., 2013; Sharma
et al., 2014; Ali et al., 2021). Moreover, Pre-harvest bag-
ging significantly protects the fruit from biotic and abiotic
stresses such as incidence of pests (Teixeira et al., 2011),
birds damage (Jia et al., 2005; Sharma et al., 2014), risk
of microbial pathogens and disease incidence in fruit (Hof-
man et al., 1997), physical and mechanical damage (Muchui
et al., 2010).Furthermore, the fruit produced using bagging
technology has great market value due to their clean and
healthy skin with attractive colour (Ali et al., 2021).

Under North Indian conditions out of three Bahars (sea-
son of fruiting) of guava, Mrig Bahar is the most preferred
crop. Which produced the best quality guava; however,
sometimes late rainfall and mechanical brushing left the
fruit scared which fetched poor market price. Hence, during

developmental periods, scars on the fruits can be reduced
with improved fruit colour through physical barriers like
bagging. However, different bagging materials like news-
paper bags, brown paper bags, perforated polythene bags,
brown paper bags with polythene coating, muslin cloth bags,
scurting bags, butter paper bags, etc. have different charac-
teristics in vapours permeability, light transmittance, heat
conductance etc. and consequently causes differential effects
on the microenvironment and subsequently on fruit mass,
quality, texture and appearance (Niu et al., 2003; Son & Lee,
2008; Ali et al., 2021). Moreover, the fruiting stage when it
was bagged, fruit cultivars, and duration of fruit exposure
to natural light after bag removal (before harvesting) also
affect the fruit quality.

Thus this study investigated the various physiological
and physicochemical changes in fruits due to the change of
micro-climate in bags of different materials and how fruit
quality enhanced under different bagging systems. Further,
this experiment provides options to farmers to choose low-
cost effective bagging materials for bagging guava fruits to
harness quality fruits without a scar.

Materials and methods

The present experiment was conducted at [CAR- Central
Institute for Subtropical Horticulture, Rehmankhera, Luc-
know (Latitude 26° 50’ 21.4"N Longitude: 80° 55’ 23.27"E)
in 2017 and 2018 on 3 years old guava orchard under HDP
system. Guava variety Lalit grafted onto seedling rootstock
was planted in sandy loam soil in 2015, at 3.0 3.0 m spac-
ing and mulched with silver colour polythene having 400
gauge thicknesses. The micro irrigation system was installed
for irrigation and fertigation with 1 dripper per tree with 4
LPH capacities. The study was carried out complete rand-
omized block design with three replication of each treatment
three kinds of bagging materials were used at 15 days and
30 days after the fruit set. The selection of different kinds of
bags was based on their durability in frequent rainfall and
heat conditions. The bags used in the aforesaid experiment
were of 18 X 24 cm dimension. Further, in perforated poly-
thene bags, two cuts were made on both corners to permit
drainage of moisture due to rainfall and transpiration loss.
The bagging was done 15 and 30 days after the fruit set from
full bloom date.

The experiment system was comprised of the following
treatments.

BPBD1—Bagging after 15 days of fruit set by butter
paper bag.

BPBD2—Bagging after 30 days of fruit set by butter
paper bag.

NPBD1—Bagging after 15 days of fruit set by newspaper
bag.
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NPBD2—Bagging after 30 days of fruit set by newspaper
bag.

PEBD1—Bagging after 15 days of fruit set by a perfo-
rated polythene bag.

PEBD2—Bagging after 30 days of fruit set by a perfo-
rated polythene bag.

Control—No bagging of fruits.

Thirty fruits from each tree from different directions were
randomly collected for each bagging treatment for recording
the observations, while in control a similar number of the
fruits from each tree was tagged without bagging. During
the experiment, all the bagged fruits were routinely observed
for any damage and if noticed it was immediately replaced
with new ones. The well-matured fruits were harvested and
subjected to physiological and physicochemical analysis.

The 20 numbers of harvested fruits from each treatment
were harvested for physical analysis viz., fruit mass, fruit
length, fruit diameter, fruit grading and fruit with or without
a scar. The fruit mass was measured using a digital elec-
tronic balance while the fruit length and fruit diameter were
measured with the help of a digital vernier calliper model.
For determining the percent of ‘A’ grade fruit, the harvested
bagged fruits were graded as ‘A’ and B according to the
fruit size (> 80 mm diameter) and qualitative traits and fruit
appearance/ attractiveness. Total soluble solids (TSS) of
fruit samples were determined using a digital Hand Refrac-
tometer (Erma Japan, 0 to 32°Brix). Ascorbic acid was ana-
lyzed with standard procedures as suggested by A.O.A.C.
(2000). The estimation of the percentage of reducing sug-
ars, total sugars and acidity was performed using the pro-
tocol suggested by Ranganna (1991), and lycopene content
was also analysed by Rani and Vijayanchali (2017).All the
experiments were performed in triplicate. The collected data
were subjected to statistical analysis. Analysis of variance
method (ANOVA), suitable for randomized complete block
design (RCBD) was carried out with the help of SPSS 16.
Significant differences among treatments were based on the
F test in ANOVA, and means were calculated using Dun-
can’s multiple range test (DMRT) at a significance level of
P <0.05. The standard error means (SEM) in the vertical bar
charts was computed using Sigma Plot 10 (systat software,
Inc.). The correlation analysis among treatments was per-
formed through Pearson Correlation, Sig. (2-tailed) using
SPSS16 software.

Results and discussion

Effect of different bagging materials on the physical
attributes of fruits

The physical parameters viz., fruit mass, fruit length, fruit
diameter, fruit grading and fruit with scar were recorded.

@ Springer

The study revealed that bagging material shave a differen-
tial effect on the aforementioned parameters of fruits. All
types of applied bagging materials improved the fruit shape
and consequently perk up the fruit mass as well as fruit
length. The maximum augment in fruit mass was observed
in PEBD2. In PEBD2, a maximum (36.38%) increment in
fruit mass was observed over control (Fig. 1A). Our obser-
vations are in agreement with the results of some previ-
ous findings(Yang et al., 2009; Zhou et al., 2012; Sharma
et al., 2014, Mishra et al., 2017).The increase in fruit mass
in bagged systems might be due to different environmental
conditions (Kutinyu, 2014).The alteration in the microenvi-
ronment also creates physiological and biochemical changes
in fruit which could improve fruit size or weight (Yang et al.,
2009), texture (Byers & Carbaugh, 1995; Singh et al., 2008;
Muchui et al., 2010), fruit firmness (Teixeira et al., 2011;
Sharma et al., 2013) and total soluble solids content (TSS)
(Xu et al., 2003; Niu et al., 2003). In an earlier study, Dan-
iells and their coworkers (2005) reported that the higher
humidity and appropriate microclimate inside the bags
improved overall fruit growth and development. It is well
established that temperature has a positive correlation with
respiratory rate as well as the ripening of fruits. In bagging
conditions, the temperature of the microenvironment may
alter from outer environment (Pisciotta et al., 2020). The
fruits without bagged face comparatively higher tempera-
tures and other abiotic and biotic stresses that cause higher
respiration rates and consequently more oxidation of stored
carbohydrates i.e., fruit starch resulting in more loss of fruit
mass. Furthermore, fruit ripening triggers some biochemi-
cal changes that caused to weaken the epidermis, as well as
partial solubilization of the cell wall (Jain et al., 2003) and
therefore more loss of water, occur which further adds to the
weight loss of fruits.

The insoluble stored starch in fruit causes improves the
shape and their grade, as compared to the control, the fruit
length in NPBD2 was found to be a maximum of 20.64%
(Fig. 1B). However, fruit diameters were not significantly
altered due to bagging (Fig. 1C). As compared to the con-
trol, all bagged fruits have comparatively the least scar and
high-grade quality. The fruit bagged with newspaper found
much better results. The best results in terms of fruit grading
were observed in NBPD2, which was 30.23% increments
as compared to the control (Fig. 1D). The severity of fruit
scar reduces significantly in all bagged fruits; however, the
best upshot was reported in NBPD1, which was estimated at
merely 6.22%, and the severity of scars on the fruit surface
in control was more than 50% (Fig. 2). The bagging system
protects the fruit from both abiotic as well as biotic stresses
and as a result, the fruit under-bagged was found with the
least scar and high-grade quality. Our findings are in line
with the previously reported observations (Muchui et al.,
2010; Liu et al., 2013; Sharma et al., 2014).
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Fig. 1 Effect of different bagging systems on A- Fruit mass, B- Fruit
length, C- Fruit diameter, D- “A” grade fruits. *Error bars repre-
sented a standard error of the mean (SE), while the different letters
on top of the error bars show significant differences at P <0.05. The
same letter on the bar showed no significant difference. Control- No
bagging of fruits, BPBD1- Bagging after 15 days of fruit set by but-

Effect of different bagging treatments
on the physio-chemical attributes of fruits

The bagging system in fruits not only improved the physical
parameters but also altered the chemical parameter of fruits.
The chemical parameters viz., ascorbic acid content (vita-
min C), acidity, total sugars content and total soluble solid
were examined. The ascorbic acid content was increased in
bagged fruit with perforated polythene bags. As compared
to the control, a 7.36% increase in ascorbic acid content was
observed in the PEDBI1 treatment (Fig. 3A). Our observa-
tion coincided with the result of Silva et al., (1998) however;
some contradictory observations were also reported by other
research groups (Kader, 2002). The phyto-nutrient vitamin
C is temperature-sensitive. The increased vitamin C concen-
tration in the bagged fruit may be attributed to the selective
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ter paper bag, BPBD2- Bagging after 30 days of fruit set by butter
paper bag, NPBD1- Bagging after 15 days of fruit set by newspaper
bag, NPBD2- Bagging after 30 days of fruit set by newspaper bag,
PEBDI1- Bagging after 15 days of fruit set by perforated polythene
bag, PEBD2- Bagging after 30 days of fruit set by a perforated poly-
thene bag

solar permeability of the bags and the microenvironment
(temperature, humidity, and moisture) surrounding the fruit.
In another study, Zhou et al. (2019) observed that the colour
and texture of bagging material also significantly impacted
the vitamin C content in apples and pears. The titratable
acidity was found significantly lower in the bagged fruit’s
system. Fruit bagging after 15 days of fruit set (D1) system
the more reduction in titratable acidity was reported. More-
over, the best results were observed in butter Paper bags
followed by newspaper bags and perforated polythene bag
systems, respectively. As compared to the control, a maxi-
mum 39.30% reduction was recorded in BPBD1 among all
treatments (Fig. 3B). Our observation concurred with the
results of Meena et al., (2016), who reported that the highest
titratable acidity was recorded under un-bagged fruit condi-
tions (control). The alteration in ascorbic acid and titratable
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acidity contents might be due to the differential micro-envi-
ronment under the bagging system that changed the rate of
metabolic activities. The total sugar content was signifi-
cantly higher in control, while in BPBD2 system fruits, the
least sugar content was reported. However, among bagging
systems, no significant variations were observed in sugar
content. As compared to the control, 21.34% less sugar con-
tent was observed in fruits of the BPBD2 system (Fig. 3C).
Similar trends in the result were observed by other research-
ers (Abbasi et al., 2014). The un-bagged fruits have to face
comparatively higher temperatures which cause earlier rip-
ening of the fruits. During the ripening process, the organic
acid is converted into sugars making guava sweeter. Moreo-
ver, a possible explanation for the greater sugar content in
fruit is the breakdown of complex carbohydrates like starch,
pectin, and cellulose during ripening (Tafera et al., 2008;
Islam et al., 2017). Furthermore, the un-bagged fruits have
to face many physical injuries which leave scars on the sur-
face of the fruit that trigger their ripening and consequently
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Fig. 3 Effect of different bagging systems on A- vitamin C, B- Acidity, C- Total Sugar Content, D- Total Soluble Solid. Error bars represented a
standard error of the mean (SE), while the different letters on top of the error bars show significant differences at P <0.05
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alter sugar content also. On the other hand under the bagged
system, the conversion of acid to sugar is hampered to some
extent due to the limit of O, in the bag. This might be the
reason for the lowering of sugar content in bagged fruits.
The total soluble solid (TSS) contents in bagged fruits were
found to be higher than the control. Among all treatments,
maximum TSS contents were recorded in the BPBD1 sys-
tem. As compared to the control, a 48.65% of increment in
TSS was noticed in BPBD1 (Fig. 3D). Improvement in the
total soluble solids in bagged fruit has also been reported
earlier in guava (Edirimanna et al., 2015; Sharma et al.,
2020), mango (Chonhenchob et al., 2011), banana (Rubel
et al., 2019) and tomato (Sohag et al., 2023). The alteration
in TSS might be due to different intensities of sunlight and
other abiotic factors in bagged conditions. The content of
lycopene was higher in fruit covered with butter paper as
compared to other bagging materials (Fig. 4). The greater
lycopene concentration in the bagged fruits may be due to
the enhanced transformation of carotenoid like lycopene
caused by decreased light penetration in the covered fruits.
Moreover, the bagging barrier could alter the micro-envi-
ronment of fruit during development (Son & Lee, 2008) and
consequently improved the fruit colouration and attractive-
ness. Sharma et al. (2013) also observed that pre-harvest
fruit bagging increased anthocyanin synthesis and lycopene
content in apples, which ultimately improved fruit colour
and firmness.

Correlation studies of observed physical and chemical
attributes of fruits

Correlation studies of physicochemical characters in guava
would bestow an idea, which could be used for an assort-
ment of advantageous factors for the impenitent breed-
ing lineup in guava. The positive correlation is congruent
for breeders as it can facilitate in simultaneous ameliora-
tion of both physical and chemical characteristics. While
a negative correlation will hamper the corresponding
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1.5 1

Lycopene content (mg/100g)

0.5 |
0 + T T T T T T
Control BPPD1 BPPD2 NPBD1 NPBD2 PEBD1 PEBD2

Fig. 4 Effect of different bagging systems on lycopene content of
guava fruits. Error bars represented the standard error of the mean
(SE), while the different letters on top of the error bars show signifi-
cant differences at P <0.05

expression of both aforesaid characters. The correlations
among observed physio-chemical parameters of fruits
were presented in Table 1. A significant positive correla-
tion of fruit mass was observed with fruit length (0.577),
fruit diameter (0.688)and fruit grades (0.440) while it
showed a significant negative correlation with fruit scar
(—0.499). The fruit length is highly positively correlated
with fruit mass (0.577) and fruit diameter (0.781). The
significant positive correlation of fruit diameter with
fruit mass (0.688) and fruit length (0.781) was reported,
while with TSS (—0.442), a significant negative correla-
tion was observed. The TSS character of fruits showed a
negative correlation with fruit diameter (—0.442), acidity
(—=0.615) and fruit scar (—0.452). The fruit acidity had
a significantly positive correlation with vitamin C con-
tent (0.571), sugar content (0.649) and fruit scars (0.670),
whereas it showed a significant negative correlation with
TSS (—0.615) and fruit grading (—0.498). Vitamin C con-
tent had a significantly positive correlation with acidity
(0.571). The grading of fruit showed a positive correlation
only with fruit mass (0.440), while a significant negative
correlation was observed with acidity (-0.498), sugar con-
tent (—0.500) and fruit scar (—0.660). The strong positive
correlation of sugar content of fruits was examined with
fruit acidity (0.649) and fruit scar (0.786) while it showed
a negative correlation with fruit grade (—0.500). The scars
on the fruit surface had a significant positive correlation
with acidity (0.670) and sugar content (0.786), whereas
the negative correlation of the aforementioned parameter
was observed with fruit mass (—0.499), TSS (-0.452) and
fruit grades (—0.660).

On the basis of the aforementioned analysis and discus-
sion, it can be concluded that bagging with materials has
a positive impact on the fruit quality in terms of fruit size,
weight, texture and physio-chemical traits. Pre-harvest fruit
bagging significantly affects fruit development and increased
fruit size and weight (A-grade fruits) due to alterations in
microclimatic conditions inside bags around the fruits. Thus
pre-harvest fruit bagging is easy and cost-effective (the total
cost incurred including labour was Rs 1.50-2.0 for bagging
of single fruit) and the grower’s friendly technology ensures
quality guava fruit production which in turn ensures better
market price. Further, the foremost advantage of pre-harvest
fruit bagging is that it reduces the cost involved in plant pro-
tection measures because no chemical spray is required to
control disease and insect pests. Thus fruits are completely
free from harmful chemical residues which in turn offer con-
sumers safety. So it’s a win—win situation for both (growers
and consumers).
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Table 1 Correlation among physicochemical characters of guava
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Vitamin C content ’A’ grade fruit Total sugar content Fruit scar

Acidity

TSS

Fruit dia

Fruit length

Fruit mass

Parameter

S.N

—0.499%
-0.370
-0.116

-0.331
-0.431
-0.151
—0.198
0.649%*
0.092

0.440%*
-0.431

0.267

—0.190
—0.80
0.019

-0.270
-0.103

0.123

-0.117
-0.272

0.688%*

0.577%%*

Fruit mass

0.781%*

Fruit length
Fruit dia
TSS

—0.442%*

—0.452%
0.670%*
0.085

—-0.208
—0.498%*

—0.288

—0.246
0.571%*

—0.615%*

Acidity

Vitamin C content

—0.660**
0.786%**

—0.500%*

’A’ grade fruit

Total sugar content

Fruit scar

<0.05 and P <0.01, respectively

Critical values for Pearson’s correlation coefficient of two-tailed test: *and ** indicate the significance of values at P
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