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Aim:
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Interpretation:

Key words:

 To study the influence of fruit bagging and plant cover on microclimate modification and its role on external quality traits and physico-chemical fruit 
characteristics of pomegranate cv. Bhagwa in arid conditions. 

 Fruits bagging was done  with single layer bags of news paper (NP), brown paper (BP), white parchment paper (PP), non-woven 
polypropylene (NWP), complete plant covering with non-woven polypropylene (CNWP), and  un-bagged with no cover was kept as control. Bagging was 
done 60 days after fruit set and continued until 
harvest, each year.  

 Bagging and plant covering modified 
the microenvironment which positively 
influenced the fruit development. Among the 
bags, inside air temperature was higher in BP 
followed by NP, PP and NWP, while RH was 
higher in PP. PP bags was most effective for 
the development of attractive red peel color (a* 
value = 44.4) followed by NWP (a* value = 
39.6) or CNWP (a* value = 36.6). All four bags 
were able to check thrips incidence 
completely, while PP bagging provided 
physical scratches or fungal spot free fruits. 
Physical attributes of fruits including fruit 
weight, aril weight, peel thickness and juice 
content were considerably affected. 

 Fruit bagging or plant covering 
is simple, cost-effective and eco- friendly way 
to produce quality safe pomegranate fruits 
under adverse climatic conditions of arid 
regions.

 Bagging, Eco-friendly material, 
Microclimate, Peel colour, Pomegranate  
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Fruit bagging and tree covering - a
simple, and eco-friendly approach 

for producing quality safe 
pomegranate fruits

Fruit bagging

Enhanced fruit physical traits: Fruit
weight, aril weight, peel thickness

Enhanced fruit physical appearance:
Reduced sun scald, cracking, thrips

etc.

Modified microenvironment Temperature
& RH

Plant water status: Reduced
transpiration 

Plant covering

Increased juice content with higher
concentration of important 

phytochemicals

Physical
protection 
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Introduction

Pomegranate (Punica granatum L., family Punicaceae) is 
considered as one of the most important fruit crops of arid and 
semi-arid regions of the world (Babu, 2010). The demand of 
pomegranate has increased worldwide owing to its immense 
medicinal and therapeutic values (Supe and Saithwal, 2016; 
Gumienna et al., 2016). There has been enormous increase in 
area, production and export of pomegranate across the world 
over the past decades. Globally, India is the largest producer of 
pomegranate both in area (2.46 lakh ha) and production (28.65 
lakh tons) (NHB, 2018). Versatile adaptability, short-term high 
economic return and high demand for export are the major driving 
forces for increased area under pomegranate cultivation in semi-
arid and arid regions of India (Singh et al., 2019a). The export of 
pomegranate from India has increased from merely 35 thousand 
tons in 2012-13 to 67.89 thousand tons in 2018-19 with 
continuous increase in export earnings from 2012-13 onwards 
(NHB, 2018). These trends depict a high amenability in supply-
demand of Indian pomegranate in international market with 
higher price. However, the increasing competition between 
pomegranate growing countries to supply high quality standard 
fruits is a major concern. Glossy attractive red colored fruits, 
which are free from pesticide residues, physical injuries of marks 
and scratches, disease stains etc., are preferred in the 
International market (Gadze et al., 2012). Cultivar, growing 
environments and crop management practices are certain pre-
harvest factors which determine the quality of fruit (Sharma et al., 
2014). In India, the cultivar ‘Bhagwa’ is the preferred cultivar 
grown in about 90% area under pomegranate cultivation because 
of attractive appearance of the fruits like round and globosely 
shape, dark rose red colour of fruits and aril, soft seeds with good 
taste and aroma (Ram Chandra et al., 2011). 

Under arid conditions of Rajasthan, pomegranate crop is 
regulated for mrig bahar (July-August to January-March). 
However, the prevailing environments during fruit development 
often affect the quality of fruits. Intense solar radiations, high wind 
speed and sharp fluctuations in day and night temperatures are 
prevalent weather conditions, which often distress the fruit quality. 
As a result, there are occurrences of poor colour development, 
sunscald and fruit cracking in pomegranate (Singh et al., 2019b). 
Poor quality fruits ultimately affect the marketability of fruits. High 
proportion of locally produced fruits is consumed in local markets 
or inter-state markets whereas a few proportions are exported to 
Gulf and neighboring countries. However, the avenues have been 
opened to export pomegranate fruits from India to European 
Union countries and China. In order to fetch good price of fruits in 
domestic as well as international markets, it is desirable to 
produce good quality fruits under prevailing weather conditions of 
arid regions, which may be achieved by adopting good 
management practices in the fruit orchard (Amarante et al., 
2002). Among various strategies, pre-harvest fruit bagging with 

different bagging materials and plant covering as a whole has 
emerged as one of the best eco-friendly approaches in different 
parts of the world for enhancing marketability of good fruit quality 
in different fruit crops e.g. apple, peach, pear, grapes etc. 
(Sharma et al., 2014; Zhang et al., 2015). Bagging technique 
involves covering of individual fruit or individual plant or complete 
row of plants for a specific period to obtain desired results. It is a 
physical protection that can improve the appearance and quality 
of fruit by avoiding physiological and pathological injuries and by 
modifying the micro-climate inside covered conditions (Sharma et 
al., 2013; Grinan et al., 2018; Hameidi et al., 2019). Response of 
type and colour of bagging materials may differ with respect to 
growing environments and crop species (Asrey et al., 2019; Kim 
et al., 2010). However, the information on the effect of bagging on 
fruit quality of pomegranate is very limited. Therefore, a 
systematic study was undertaken on the effect of different types of 
bagging materials on peel colour, incidence of sun scald, fruit 
cracking and other important quality attributes of pomegranate cv. 
Bhagwa. 

Materials and Methods

Plant materials and experimental design: The study was 
conducted during two successive fruiting seasons of 
pomegranate (Mrig bahar) during 2018-19 and 2019-20 at ICAR- 
Central Arid Zone Research Institute, Jodhpur Rajasthan India 
under ferti-drip system of irrigation. The weather conditions of the 
site is very hot (~45-48°C) and dry (relative humidity ranges from 
35% to 70%) during summer (April-June) and cool (~4.1-14°C) 
during winter months (December-February) along with very high 
rate of evaporation throughout the year with peak during summer 

-1(3.5 to 13.5 mm day ). The region is characterized by a monsoon 
climate with the wet season receiving 95% of total annual rainfall 
during July to September.

Fifty four pomegranate plants cv. Bhagwa of uniform age 
and vigour, established at 4 m × 3.5 m spacing, were used as 
experimental materials for this study. All plants received uniform 
cultural practices. The experiment was laid out in completely 
randomized block design. During both the seasons, healthy and 
uniform size fruits were covered with 15 cm × 20 cm single layer 
bags of four bagging materials: non-woven polypropylene (NWP) 
(17gsm); news paper (NP), brown paper (BP), and white 
parchment paper (PP). Apart from the individual fruit bagging, 
another treatment with full cover of plant with non-woven 
polypropylene fabric (17gsm) (CNWP) was also included in the 
experiments whereas un-bagged fruits were taken as control. 
Bagging and plant covering was done at 60 days after fruit set and 
continued until harvest during each year. Bags were minutely 
perforated (~6-8 openings) with fine needle to provide air 
exchange. The mouth of bags was closed with staple pins to 
prevent the entry of insect pests. Each treatment was replicated 
thrice having three plants per replications and bagging was done 

2on ten fruits in each selected plant. In CNWP treatment, 7.5 m  
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non-woven polypropylene sheets were used to cover the whole 
individual plant, which were replicated thrice. 

Meteorological observations : Five bags in each replication 
were randomly selected to record the meteorological 
observations on air temperature and relative humidity at an  
interval of 15 days inside the bagging condition, covered 
condition as well as in open sun during 12:00-13:00 hr using 
temperature sensors and Assmman psychrometer (Hisamatsu 
make, Model MR-58), respectively. Photosynthetically active 
radiation was measured in all the treatments and control under 
clear sky condition during 12.00 -13.00 hr using line quantum 
sensor (Make: Apogee, MQ-301, Series#1178). The 
transmittance of light through bagging material used in this study 
was about 84, 16, 8 and 56%, respectively for NWP, NP, BP and 
PP. 

Estimation of external fruit quality attributes:Observations on 
sun scald, fruit cracking, thrips injuries, fungal spots and physical 
injuries on fruits were recorded using selected fruits of each plant 
during each picking. Affected fruits with individual maladies were 
sorted out and counted separately and presented in per cent. 

Estimation of morphometric quality attributes of fruits: Total 
180 well matured fruits were harvested (average TSS 16.0°Brix) 
for recording the observations on physico-chemical attributes. 
Out of these, ten randomly selected fruits were taken for 
recording observations on physical properties viz. fruit size, fruit 
weight, aril weight, peel weight, peel thickness using standard 
methods and average of these was taken for further statistical 
analyses. Fruit juice was extracted using mechanical juicer and 
grinder followed by squeezing using muslin cloth and the fruit 
juice content was expressed as per cent on fresh fruit weight 
basis.

Estimation of chemical quality attributes of fruits: TSS was 
determined using digital hand held refractometer (Model: Brix 54, 
Bellingham + Stanley Ltd., UK), which was calibrated using 
distilled water before estimation. The acidity and total sugars of 
fruit juice was determined following the method of Ranganna 
(2017). Ascorbic acid content was determined using 2, 6-
dichlorophenol indophenols dye method (A.O.A.C., 2000). The 
amount of ascorbic acid was expressed as mg ascorbic acid 100 

-1ml  of fruit juice. Total anthocyanin content of fruit juice was 
determined following the method of Ranganna (2017). The 
absorbance of extracted supernatant was measured at 510 nm 
using UV-VIS spectrophotometer (Model: UV mini-1240 and 
make: Shimadzu, Japan). Total anthocyanin concentration was 

-1expressed as mg100 ml  of fruit juice. The amount of total 
phenolics in fruit juice extracts was determined by Folin-Ciocalteu 
assay as described by Singleton et al. (1999) and expressed as 

-1mg catechol equivalents (CtE) 100 ml  d.wt.

Estimation of fruit colour : Fruits colour was measured using 

colorimeter (Model: WR-18, Make:FRU China) at top, middle and 
bottom portion of the fruits and average colour was expressed as 
per CIE L*a*B* colour space model. In the CIEL*a*b* model, L* 
value of 0 represents complete dark and 100 represents complete 
white, negative a* values represents greenness and positive a* 
value represents redness and negative b* value represents 
blueness and positive b* value represents yellowness. The colour 
intensity, chroma (C) was further calculated. 

Among covering materials, bagging with parchment 
paper and brown paper bags were found most efficient in percent 
checking of sun scald disorders in fruit, while non-woven 

Statistical analyses : The experiment was conducted in a 
completely randomized block design (CRD). Data recorded from 
each treatment under different parameters were subjected to 
analysis of variance (ANOVA). Mean comparison were performed 
using LSD test (p<0.05). All analyses were performed using SAS 
9.2 (SAS Institute, Cary, NC, USA).

Results and Discussion

The modification caused by covering and bagging 
provided a favourable inner microclimate which resulted in 
unblemished, uniform, and intense colour development in 
pomegranate fruits. This was evident by lower air temperature 
and higher relative humidity in row and individual covering than 
those in ambient condition. While fruits were covered in bags, 
there was higher air temperature and relative humidity than their 
respective values recorded in ambient condition (Table 1). Among 
the bags, 2.1°C higher air temperature was recorded in brown 
paper bags followed by news paper bag (1.8°C), parchment bag 
(1.2°C) and non-woven polypropylene bag (0.8°C) as compared 
to open ambient conditions during 2018-2019. While, relative 
humidity was higher (7.8%) in parchment paper bag followed by 
news paper bag (5.1%), non-woven polypropylene bag (4.0%) 
and brown paper bag (3.5%) than ambient one. During 2019-
2020 fruiting season, variations in air temperature showed similar 
trend and followed the order of brown paper bag (4.0°C )> news 
paper bags (3.6°C) > parchment paper bag (2.7°C) and non-
woven fabric bag (1.6°C), while relative humidity was low in bags 
compared to ambient conditions, except for white parchment bag. 

As far as plant covering with non-woven polypropylene is 
concerned, in contrast to air temperature, relative humidity was 
significantly altered as compared to open conditions. Previous 
studies on similar line conducted by various workers concluded 
that bagging with different materials were able to modify the 
micro-environment inside bags during fruit growth and 
development. These modifications showed positive effect on 
quality and chemical composition of different fruits (Kim et al., 
2003; Yang et al., 2009; Xu et al., 2010 ). Bagging maintained a 
high relative humidity around the fruit, resulting in less water loss 
and increase in cell turgor pressure (Zhang et al., 2015). 
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Table 1 : Effect of fruit bagging and plant covers on external quality attributes of pomegranate cv. Bhagwa in arid conditions during 2018-2020

Fruit bagging treatments* Sun scald (%) Cracking (%) Thrips injuries (%) Fungal spots (%)

a a aNWP 4.5 12.5 0 4.5
b b  aNP 10.0 17.8 0 3.80

 b  aBP 0 19.2 0 5.35
 aPP  0 10.5 0 0

a c a bCNWP 5.5 14.8 5.6 8.5
c d b cControl 21.8 28.3 9.3 13.5

(Super scripted letters above values represents similarity and dissimilarity; values with similar letters are statistically similar whereas values with 
dissimilar letters are statistically dissimilar); NWP- Non-woven poly propylene, NP- News paper, BP- Brown paper, PP- White orchment paper, CNWP-
Plant covering with non-woven polypropylene fabrics

A. Singh et al.: Fruit bagging and plant covering in pomegranate

polypropylene bags and row covering showed only nominal 
incidence as compared to un-bagged fruits (21.8%) (Table 1). 
Parchment paper and non-woven polypropylene bags were 
found most effective in minimizing fruit cracking. Irrespective of 
materials, the bagging technique totally checked the incidence of 
thrips, and white parchment bagging provided fruits without any 
physical scratches or fungal spots. Bagging and plant covering 
provides a physical protection from direct sun exposure, optimize 
physiological process, and changes micro-climate inside 
covering, besides lowering pathological injuries (Sharma et al., 
2013, Sarkomi et al., 2019). Han et al. (2002) noted that the 
temperature inside the bag was correlated with light reflectance, 
absorbance and transmittance, and air permeability of the bag 
used. Higher fruit temperature along with direct sun exposure 
causes excess sun burning (Grinan et al., 2018). Results of 
present study regarding minimum sun scalding in bagged fruits 
are supported by data recorded on PAR and relative humidity 
which was in optimum range. As evident by data contained in Fig. 
1 and 2, bagged fruits maintained optimum temperature and high 
relative humidity vis-a-vis escapes from impact of direct strong 
and hot winds on skin of fruit and, therefore, can be effective in 
reducing cracking, and also preventing other disorders. Following 
bagging, earlier workers have also reported reduction in sun 
burning, fruit cracking and insect and physical injuries in 
pomegranate (Yuan et al., 2012; Grinan et al., 2018; Asrey  et al., 
2019), apple (Sharma et al., 2014) and longan (Yang et al. 2009).

Results of the present study revealed that all four bagging 
techniques and plant covering significantly influenced peel colour 
of pomegranate fruit as compared to un-bagged (a* value = 28.1) 
(Table 2) . Bagging with white parchment paper bags resulted in 
the development of more attractive red peel color (a* value = 
44.4), followed by non-woven polypropylene bagging or row 
covering. Chroma value (C*) which indicates colour intensity also 
followed similar pattern. Though colour variation (L* a*, b*) is 
principal character of genetic make-up of a variety, but the 
intensity and brightness are affected by agronomic practices 
within the cultivars, and it is clearly and significantly visible in the 
present study. The results of different bags on fruit peel colour 
may be due to difference in the light reflectance, absorbance, or 

Fig. 1 : Temperature and relative humidity inside bagging conditions 
during fruit growth period of pomegranate cv. Bhagwa in arid conditions 
during 2018-2020 (December-January). 
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transmission pattern of each bag in the visible, far red and /or 
infra-red regions of the spectrum (Sharma et al., 2014). Our result 
is in agreement with the findings of Asresy et al. (2019) and 
Sharma et al., (2014), while  Hamedi et al. (2019) did not find any 
significant effect of bagging on a* (redness) and C* (colour 
intensity) value in pomegranate.  

Individual fruit bagging and plant covering with non-
woven polypropylene showed no significant effect on the size of 
fruit, though the length and breadth were slightly higher in non-
woven polypropylene bagging. Parchment paper bagging and 
non-woven polypropylene bagging or covering showed 
significantly higher fruit weight than other treatments. The weight 

of arils per fruit was also influenced significantly by bagging over 
control, except brown paper bagging. Different bagging and plant 
covering, except brown paper bagging, yielded low weight of peel 
per fruit than control. Similarly, thicker peel was found in brown 
paper bags and un-bagged fruit than other bagging treatments. 
The results of the present study are similar with the observations 
reported by Oren-Shamir (2009) that the plant cuticle thickness 
reduced in low light intensity and high moisture prevalence in 
growing environment. Decrease in peel thickness and peel 
weight in bagged fruit may be due to high humidity inside bags, 
which could have affected cell structure, configuration and cuticle 
thickness. Amarante et al., (2002) and Asrey et al., (2019) also 
reported on similar line that the decrease in peel thickness as a 

Table 2 : Effect of fruit bagging and plant covers on colour of pomegranate cv. Bhagwa in arid conditions during 2018-2020

**Fruit bagging treatments* Colour paremeters of CIEL*a*b* colour space model Chroma (C)

L* a* b*

 a  a  a  aNWP 71.4 39.6 10.5 41.45
 b  b  b  bNP 75.9 31.9 7.6 32.29
 b  b  a  bBP 77.1 31.2 9.8 31.53
 a  c  b  cPP  73.0 44.4 7.1 44.0
 a  a  c  aCNWP 69.9 36.6 11.2 38.02
 c d  c  bControl 65.8 28.1 13.2 31.47

(Super scripted letters above values represents similarity and dissimilarity; values with similar letters are statistically similar whereas values with 
dissimilar letters are statistically dissimilar)**

Table 3 : Effect of fruit bagging and plant covers on physical quality attributes of pomegranate cv. Bhagwa in arid conditions during 2018-2020

Fruit bagging  Fruit length Fruit breadth Fruit weight Ratio of aril/ Ratio of rind/ Rind thickness Juice content 
treatments* (cm) (cm) (g) fruit weight fruit weight (mm) (%)

 a  a a a a  a aNWP 7.6 7.4 223.0 140.6 54.0 4.3 37.5
 a  a  b  a  a  a cNP 6.4 6.9 214.4 142.2 56.7 4.4 31.6
 a  a b b  a b bBP 6.6 7.0 183.0 124.5 53.0 4.7 34.5
a  a  a  a  a  a aPP  7.5 6.9 240.2 158.0 53.3 3.9 39.6
 a  a a  a  b  a bCNWP 6.8 7.2 228.0 152.0 68.4 4.2 35.9
 a  a b  b c  a  cControl 6.8 7.2 198 128.7 74.8 4.7 32.0

(Super scripted letters above values represents similarity and dissimilarity; values with similar letters are statistically similar whereas values with 
dissimilar letters are statistically dissimilar)**

Table 4 : Effect of fruit bagging and plant covers on chemical quality attributes of pomegranate cv. Bhagwa in arid conditions during 2018-2020.

Fruit bagging  Acidity TSS Total sugars Ascorbic acid Anthocyanin Total phenols 
° -1 -1 -1treatments* (%) ( B) (%) (mg 100 ml ) (mg 100 ml ) (mg catechol equi.ml ) 

 a  a  a  a a  aNWP 0.48 16.2 14.0 22.2 7.90 4.07
 a b  a b b  aNP 0.42 17.0 13.5 18.45 6.98 3.94
 a  a  a  b  b  aBP 0.44 16.7 12.8 18.69 6.20 3.28
 a  b b  a c bPP  0.52 17.3 16.9 22.6 9.38 4.99
 a a  a  b  a  bCNWP 0.46 16.5 13.6 19.80 7.26 5.17
 a  a  a  b  b  aControl 0.54 16.4 14.26 18.80 6.24 3.72

(Super scripted letters above values represents similarity and dissimilarity; values with similar letters are statistically similar whereas values with 
dissimilar letters are statistically dissimilar)**
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result of bagging could be due to the low light intensity and high 
humidity inside the bag, which can affect the cell structure, peel 
elasticity and peel thickness. Bagging of fruits exhibited variable 
effect on juice content. Among bags parchment paper and non-
woven polypropylene bagging yielded significantly higher juice 
content while news paper bags and un-bagged fruits recorded 
lesser juice content. The obvious reasons for higher juice 
recovery pattern in different treatment may be attributed to aril 
weight, peel weight and thickness as evident from the data 
presented in Table 3. Parchment paper and non-woven 
polypropylene bagging had higher aril weight and low peel weight 
with thinner peel. 

Individual fruit bagging and plant covering with non-
woven polypropylene showed no significant effect on acidity of 
juice (Table 4). Though, acidity was found slightly higher in un-
bagged fruits but total soluble solids was significantly influenced 
by parchment paper and news paper bagging. Similarly, total 
sugar content was also not significantly influenced by bagging or 
plant covers, except parchment paper bagging. Since Mrig bahar 
cropping season is retained in arid western Rajasthan, the 
maximum organoleptic characters in fruits was developed during 
December onwards. During this period, there is sharp fluctuations 
in environmental conditions, especially temperature, sun light 
and humidity. As evident from the data (Fig 1, 2), white colour 
parchment paper had relatively constant optimum temperature 
and humidity inside bags, which might be due to optimum light 
reflectance, absorbance and transmittance. Work carried out by 
various workers (Muhammad et al., 2021; Sharma et al., 2014; 
Lin et al.,2012; Ni et al., 2010 on influence of bagging on the 
development and quality of different fruit crops concluded that 
bagging materials, bagging time, colour of bags, stage of fruit 
growth etc resulted variable effects on physico-chemical quality of 
fruits. 

Fruit covered with white parchment paper and non-woven 
polypropylene bags had higher ascorbic acid content than other 
bagged or un-bagged fruits (Table 4). However, bagging and row 
covering had clear effect on total anthocyanin value of fruit juice. 
Bagging with parchment paper bags showed highest content 
followed by non-woven polypropylene bagging or plant covering. 
Plants covered with non-woven polypropylene had highest total 
phenols at par with white parchment paper bagging. Un-bagged 
fruit and brown paper bagging showed minimum total phenols in 
fruit juice. Both the ascorbic acid and phenols are heat labile 
phyto-nutrients (Borochov-Neori et al., 2011). Penetration of 
photosynthetically active radiation (PAR) inside the bag may be 
the probable reason for higher ascorbic acid content and total 
phenols in white parchment paper and non-woven polypropylene 
bags as higher transmittance of PAR were recorded in present 
study. Chonhenchob et al. (2011) also correlated higher content 
of these phyto-nutrients and sun light permeability in red colored 
bags. The variable effects of different bags and covering on total 
anthocyanin content of fruit juice may be due to difference in light 

reflectance, absorbance, or transmission pattern of each bag 
(Chonhenchob et al., 2011). It clearly corroborates with the results 
of PAR and, temperature and humidity inside bags (Fig. 1, Fig. 2) 
in the present study that white parchment paper bags had highest 
PAR followed by non-woven polypropylene. Findings of our study 
is in agreement with the findings of Oren-Shamir (2009) and 
Schwartz et al.,(2009) who also reported the role of fruit bagging 
on anthocyanin content by the  alteration in level of radiation, 
intensity of sunshine and exposure of fruits to sun light. 

In conclusion, the modification caused by white 
parchment paper or non-woven polypropylene bags provided 
favourable microclimate for superior quality fruits of 
pomegranate. Thus, bagging is a simple, cost-effective and eco- 
friendly technique to produce quality safe pomegranate fruits 
under adverse climatic conditions of arid regions.
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