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Abstract: E xperiment was with the objective to improve the fruit quality through girdling in sub-tropical (low chilling requiring) plum cv. Kala 
Amritsari during 2022 and 2023 at CCS HAU, Hisar. The experiment encompasses of five treatments . girdling at full bloom stage (more than viz
70 % flower anthesis), girdling after fruit set (14 days after petal fall), girdling at pit hardening stage, girdling at 15 days before harvesting and 
control (un girdled). Among various girdling treatments, girdling at pit hardening stage significantly increased fruits bio-chemical quality (total 
soluble solids, sugars, anthocyanin content) and decreased acidity, carotenoid content followed by girdling after fruit set over the other 
remaining girdling treatments. The girdling at full bloom stage was inferior to control (un girdled) in all parameters studied except carotenoid 
content parameter. Ascorbic acid parameter was non-significant with girdling treatments.
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Plum is a delicious stone fruit of temperate regions. In 

Europe, its importance is next to apple. In India, it is grown in 

hilly tracts of north- eastern states, Jammu and Kashmir, 

Himachal Pradesh, Punjab, Haryana, Uttarakhand and parts 

of Uttar Pradesh. Some low chilling and early ripening 

cultivars can also be grown in sub-tropical regions. At 

national level it has covered an area of 17930 ha with 

production of 69530 MT (Anonymous 2023a) but, in Haryana 

it was grown on 66.2 ha with production of 1314.71 MT 

(Anonymous 2023b). The growth and fruitfulness of a plant is 

greatly influenced by the relative proportions of 

carbohydrates and nitrogen. The C:N ratio of crop plants can 

be altered through simple special horticultural practices like 

girdling. It is basically an intervention in the phloem transport 

between canopy and roots, an attempt to manipulate the 

distribution of photosynthate, mineral nutrients and plant 

bioregulators. Wide variety of fruit species are girdled to 

induce flowering, improve fruit set, increase in yield, enlarge 

fruit size, advance maturity and improve quality. This 

methodology is extremely effective controlling vegetative 

growth, enhancement of fruit yield and quality attributes in 

horticultural crops. Hence, considering the above importance 

and keeping in view the potential of girdling for quality 

improvement the present investigation effect of girdling on 

bio-chemicals parameters in plum cv. Kala Amritsari was 

planned with objectives to systematize the time of girdling for 

quality enhancement in plum.

MATERIAL AND METHODS

Experimental site and climate: The present study was 

carried out at experimental orchard, Department of 

Horticulture, CCS HAU, Hisar, Haryana, situated at an 

altitude of 215.2 m above mean sea level with coordinates of 

29°15ʹ North and 75°68' East of Haryana. Hisar has typically 

semi-arid with very hot dry summers and excessively winter 

weather condition. The climate is characterized by dryness, 

high temperature and light rainfall. Temperature reaches 

around 45 C accompanied by hot and dry winds in May-June, 0

however, sometimes the temperature drops to freezing point 

followed by occasional frost in December-January. Hisar 

receives 80-85 per cent of total rainfall 450 mm during i.e. 

July to September and 10-15 per cent during winter month 

i.e., December to February which is due to western 

disturbances.

Treatment details: The field experiment was conducted on 

15 years old plum cv. Kala Amritsari with spacing 6m×6m. 

Twenty uniformly grown plants having similar growth were 

selected which were under uniform agronomic practices as 

per recommended (Anonymous 2021). All plants were 

maintained under uniform practices of orchard management 

during the study period. The experiment was laid out in 

randomized block design with three replications by taking 

one tree per replication and girdling was done with girdling 

knife of 2 mm width four stages at full bloom stage (more than 

70 % flower anthesis), after fruit set (14 days after petal fall); 

at pit hardening stage; at 15 days before harvesting and 

control (no girdling).

RESULTS AND DISCUSSION

Quality attributes: TSS ( Brix):0  The maximum total soluble 



solids 15.22 Brix and total sugars 12.13 per cent (Table 1); 0

reducing sugars 6.79 per cent and non-reducing sugars 5.35 

per cent was observed in  girdling at pit hardening stage (T ) 4

followed by treatment girdling after fruit set (T ) and  minimum 3

were in girdling at full bloom (T ) (Table 2). The improvement 2

in fruit quality in terms of TSS and sugars might be due to the 

accumulation of more assimilates above the girdle at pit 

hardening stage and their translocation to the parts above it 

with a reduction in supply of basipetal mobile factors to the 

root system. Kaur et al. (2019) observed in peach that 

treatment of urea @ 0.2 per cent with branch girdling had 

maximum TSS, sugars. Similarly, El-Kenawy et al. (2018) in 

grape vines noticed that jasmonic acid 40 ppm+ girdling gave 

the highest significantly values in SSC and total sugars.

Acidity (%): Different girdling treatments such as girdling at 

full bloom and control showed higher value of acidity than 

treatments girdling after fruit set, girdling at pit hardening 

stage and girdling 15 days before harvesting. The maximum 

acidity of 1.64 per cent was in girdling at full bloom (T ) and 2

minimum in girdling at pit hardening stage (T ) followed by 4

Parameters Method suggested by

TSS, Acidity, Ascorbic Acid A O A C (Association of Official Analytical Chemists - 1990)

Total, Reducing and Non-reducing sugars Hulme and Narain (1993)

Anthocyanin content Harborne (1973)

Carotenoid content Hiscox and Isrealstam (1979); calculated as per the formulae given by Venkatarayappa 
et al. (1984) 

Observations

Treatments TSS (⁰Brix) Total sugars (%)

2022 2023 Pooled 2022 2023 Pooled

Control-T1 14.67 14.3 14.49 11.74 11.36 11.55

Girdling at full bloom- T2 13.97 13.5 13.74 11.18 10.8 10.99

Girdling after fruit set- T3 15 14.9 14.95 12.11 11.92 12.02

Girdling at pit hardening stage- T4 15.3 15.13 15.22 12.16 12.1 12.13

Girdling 15 days before harvesting- T5 14.92 14.63 14.78 11.93 11.7 11.82

CD (p=0.05) 0.32 0.35 0.34 0.35 0.41 0.38

Table 1. Effect of girdling on TSS (⁰Brix) and total sugars (%) in plum cv. Kala Amritsari

Treatments Reducing sugars (%) Non-reducing sugars (%)

2022 2023 Pooled 2022 2023 Pooled

Control-T1 6.57 6.36 6.47 5.17 5 5.09

Girdling at full bloom- T2 6.26 6.04 6.15 4.92 4.76 4.84

Girdling after fruit set- T3 6.77 6.67 6.72 5.34 5.25 5.30

Girdling at pit hardening stage- T4 6.8 6.77 6.79 5.36 5.33 5.35

Girdling 15 days before harvesting- T5 6.68 6.55 6.62 5.25 5.15 5.20

CD (p=0.05) 0.18 0.24 0.21 0.15 0.13 0.14

Table 2. Effect of girdling on reducing sugars (%) and non-reducing sugars (%) in plum cv. Kala Amritsari

girdling after fruit set (T ). Reduction in acidity in T and T  3 4 5

might be due to conversion of organic acids into sugar and 

dilution effect as a result of increased fruit size or  might be 

due to increase in total soluble solids at the expense of acid 

content. The acids under the influence of nutrients might get 

converted into sugars and their derivative by the reaction 

involving the reversal of glycolytic pathway. These results 

was supported by Azizi et al. (2022) in Kiwi vines where  

highest TSS, total sugar, reducing sugar, non-reducing sugar 

and lowest in acidity in f girdling in grafted vines. Similarly, 

Kaur et al. (2019) observed in peach that urea @ 0.2 per cent 

with branch girdling had maximum TSS, sugars and lowest in 

acidity. El-Kenawy et al. (2018) in grape vines observed that 

jasmonic acid 40 ppm+ girdling recorded significantly higher 

SSC, total sugar and lowest acidity. 

Ascorbic acid (mg/100 g pulp): There was non-significant 

effect of girdling on ascorbic acid. But, the girdling treatments 

such as girdling after fruit set, girdling at pit hardening stage 

and girdling 15 days before harvesting showed higher 

ascorbic acid than control. However, the maximum numeric 
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Treatments Acidity (%) Ascorbic acid (mg/100 g pulp)

2022 2023 Pooled 2022 2023 Pooled

Control-T1 1.45 1.52 1.49 4.59 3.66 4.13

Girdling at full bloom- T2 1.65 1.62 1.64 4.32 3.1 3.71

Girdling after fruit set- T3 1.36 1.4 1.38 4.81 3.86 4.34

Girdling at pit hardening stage- T4 1.29 1.32 1.31 4.86 3.9 4.38

Girdling 15 days before harvesting- T5 1.39 1.45 1.42 4.61 3.68 4.15

CD (p=0.05) 0.06 0.07 0.07 NS NS NS

Table 3. Effect of girdling on acidity (%) and ascorbic acid (mg/100 g pulp) in plum cv. Kala Amritsari

values of ascorbic acid 4.38 mg/100 g pulp (Table 3) was 

observed in treatment girdling at pit hardening stage (T ) and 4

minimum in girdling at full bloom (T ). The improvement in  2

fruit quality in terms of ascorbic acid might not be due to the 

lower rate of conversion of dehydro- ascorbic acid to ascorbic 

acid. The data presented was contrast to the findings of Azizi 

et al. (2022) in Kiwi vines where highest ascorbic acid was  

girdling at 1/4 girdled grafted vines whereas, Kaur . et al

(2019) observed maximum ascorbic acid with branch girdling 

with combination of 0.2 per cent urea in peach cv. Shan-i -

Punjab.

Anthocyanin content (mg/100 g pulp wt.): The girdling 

after fruit set, girdling at pit hardening stage and girdling 15 

days before harvesting showed higher anthocyanin content 

than control. The maximum pulp anthocyanin content of 6.04 

mg/100 g pulp wt. was observed in girdling at pit hardening 

stage (T ) followed by girdling after fruit set (T ) and minimum 4 3

was observed in t girdling at full bloom (T ). The improvement 2

in fruit quality in terms of anthocyanin content might be due to 

girdling treatment influenced the pigment composition in both 

fruit pulp and skin, mainly promoting the biosynthesis of 

anthocyanin content that were increased linearly with the 

girdling duration in both fruit pulp and skin. In particular, the 

red colouration increased in the pulp. In plum fruit, the 

increase in reddish colouration can be ascribed to the 

increased biosynthesis of red/purple pigments (anthocyanin) 

Treatments Anthocyanin content (mg/100 g pulp wt.) Carotenoid content (mg/100 g pulp wt.)

2022 2023 Pooled 2022 2023 Pooled

Control-T1 5.62 5.85 5.74 9.5 10.18 9.84

Girdling at full bloom- T2 5.3 5.44 5.37 10 10.92 10.46

Girdling after fruit set- T3 5.79 6.08 5.94 9.12 9.84 9.48

Girdling at pit hardening stage- T4 5.89 6.18 6.04 9.02 9.75 9.39

Girdling 15 days before harvesting- T5 5.68 5.96 5.82 9.15 10.05 9.6

CD (p=0.05) 0.16 0.13 0.15 0.26 0.32 0.29

Table 4. Effect of girdling on anthocyanin content (mg/100 g pulp wt.) and carotenoid content (mg/100 g pulp wt.) in plum cv. 
Kala Amritsari

and/or the degradation of other coloured molecules such as 

chlorophylls and carotenoids (Olivares et al., 2017) . 

Solfanelli et al. (2006) in Arabidopsis found that at the 

molecular level, anthocyanins can be induced by sugar 

accumulation in fruit pulp under girdling conditions likely 

induced the anthocyanin content biosynthesis making the 

pulp more reddish than that of control. Further, the 

anthocyanin increase induced by girdling was reported in 

some fruits, e.g. in grapes (Basile et al. 2018), red kiwifruit 

(Nardozza et al. 2018), cherries (Michailidis et al. 2020) and 

red plum (Piccolo et al. 2021).

Carotenoid content (mg/100g pulp wt.): The girdling 

treatments such as girdling after fruit set, girdling at pit 

hardening stage, girdling 15 days before harvesting showed 

lower pulp carotenoid content than control except treatment 

girdling at full bloom. The  maximum carotenoid content 

10.46 mg/100 g pulp wt. was observed in treatment of girdling 

at full bloom stage (T ) which was significantly higher to 2

control and other remaining treatments (Table 4) .The  

minimum carotenoid content was observed in girdling at pit 

hardening (T ). The improvement in fruit quality in terms of 4

carotenoid at pit hardening might be due to interaction 

between anthocyanin and carotenoid. Rivas et al. (2011) also 

showed that girdling significantly increased leaf carotenoids, 

carotenoids: chlorophylls ratio and xanthophylls content in 

citrus.
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