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Abstract

A two-year study was undertaken in the Division of Fruit Science, SKUAST-J, to examine the effect of differential irrigation regimes as
pre-harvest treatments (regulated deficit irrigation and partial root-zone drying) on the shelf life of mango grown in open field conditions.
Maximum physiological weight loss (21.06 and 21.10%) and decay loss (51.00% and 52.20%) was recorded under treatment T, (No
irrigation) whereas, minimum was recorded in treatment T,. The fruit moisture was recorded maximum in T, (77.46 % and 77.72 %)
whereas T recorded minimum fruit moisture (70.55 and 70.83%) during both the year 2017 and 2018, respectively. Both years recorded
maximum fruit firmness in T, (21.62 and 22.47 Ib/in*) and minimum in T (14.61 and 15.46 1b/in*). On a mean value basis maximum
fruit moisture content and fruit firmness was recorded on 0 day of storage which decreased significantly and continuously upto 10% the
day of storage. In contrast, minimum PLW content was recorded on 2" day of storage which increased significantly and continuously
up to 10" the day of storage and minimum decay loss content was recorded on 6™ day of storage which increased significantly and

continuously upto 10™ the day of storage during 2017 and 2018, respectively.
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Introduction

Mango (Mangifera indica L.) is the most popular and the choicest
fruit produced in the tropical and sub-tropical regions of the
world. India is the world’s largest producer of mango, contributing
about 50% of total production worldwide (Barman ef al. 2015).
In Jammu and Kashmir mango is grown in sub-tropical areas of
Jammu, Samba, Kathua, Udhampur, Reasi and Rajouri districts
of Jammu province. The current area and production of mango in
India is 2288 thousand hectares and production 21253 thousand
million tonnes (Anonymous, 2018) whereas, in Jammu province
of J&K union territory, the total area under mango cultivation
is 13037 ha with the total production of 30478 metric tonnes,
respectively (Anonymous, 2019).

Availability of irrigation water is the major constraint to crop
production in many parts of the world. With the drip irrigation
systems, water and nutrients can be applied directly to the crop at
the root level, positively affecting yield and water savings (Nagaz
et al., 2012). The advantage of deficit irrigation is a significant
technological improvement in irrigation system, which helps to
combat water scarcity in agriculture. In recent years, regulated
deficit irrigation (RDI) was developed to minimize irrigation
inputs for fruit production in areas where water is a limiting
resource. It consists of withholding water during certain periods
to produce moderate drought stress and to obtain beneficial
consequences on fruit quality while limiting shoot growth. Results
of RDI experiments have been promising in certain regions and
for some fruit crops, such as peach (Prunus persica L.).

Partial root-zone drying (PRD) is an innovative irrigation
technique that is thought to reduce plant’s water consumption
based on the induction of changes in the plants’ hormonal balance
and chemical signaling of roots in the drying soil (Davies ef al.,
2000, 2002; Lo Bianco et al., 2007). To stimulate these responses,
under PRD, one side of the root system is well watered while the
other falls dry. In the drying part of the roots, increased amounts
of abscisic acid (ABA) are produced, which make the plant reduce
its water consumption however, through the wet side of the root
system, it is still wet enough supplied to maintain fruit growth,
while vegetative growth is reduced (Dry et al., 2000).

Fertigation enables adequate supplies of water and nutrients with
precise timing and uniform distribution to meet the crop nutrient
demand. Sharma et al. (2017) studied the effect of irrigation
intervals and calcium sprays on the shelf life of litchi (Litchi
chinensis Sonn.) cv. Dehradun and suggested that if litchi was
sprayed with 2% CaCl, better shelf life can be obtained even with
less irrigation without affecting quality thereby optimising the use
of precious input i.e. water which is getting scarce day by day.
Further, fertigation ensures substantial fertilizer usage savings
and reduces leaching losses (Kumar et al., 2007).

Mango is a climacteric fruit, often harvested at the mature,
hard green pre-climacteric stage and it undergoes numerous
biochemical changes during ripening within 9-12 days at ambient
temperature. The short ripening period and low-temperature
sensitivity limit its potential for a distant market. Ripening of
fruits is triggered by ethylene, whether derived from endogenous
or exogenous sources (Wills et al., 1998). Various pre-harvest
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treatments affect the quality and shelf life of fruits. Irrigation is
the major pre-harvest factor directly affecting post-harvest quality
and shelf life. The impact of water deficit on fruit quality has
been investigated for several fruit species. Total soluble solids in
peach fruit increased under a high water restriction as compared
to control and light water restriction (Mercier et al., 2009).
Garcia-Tejero (2010) determined the postharvest fruit quality
of oranges (Citrus sinensis L. Osbeck, cv. Salustiano) exposed
to RDI in commercial orchards. Pickering et al. (2002) found a
positive influence of water deficit on mango fruit quality. Any
production technology to increase production has to be tested
for its effect on quality and storage life. The present study’s aim
was to determine whether different deficit irrigation regimes viz.
PRD and RDI along with fertigation affect the shelf life of mango.

Material and methods

The present study was conducted in the Division of Fruit Science,
SKUAST-J, Chatha Jammu to study the effect of different
irrigation regimes on shelf life of mango during the year 2017-
18 and 2018-19 on 12 year old mango trees of cv. Dashehari
having uniform vigour and size. The experiment was laid out
in Randomized Block Design with ten irrigation treatments and
three replications. The fruits were harvested from the trees under
following treatments:

100% ETc
RDI 75% ETc evenly applied under the canopy

S}

PRD 75% ETc applied to alternating sides of the root system
RDI 50% ETc evenly applied under the canopy

N

PRD 50% ETc applied to alternating sides of the root system

[

I = B

RDI 75% ETc evenly applied under the canopy + Fertigation with
K,S0O,(0.5%), H,BO,(0.5%) and Ca(NO,),(1%)

T, PRD 75% ETc applied to alternating sides of the root system +
fertigation with K,SO, (0.5%), H,BO, (0.5%) and Ca(NO,),(1%)

T, RDI50% ETc evenly applied under the canopy + fertigation with
K,S0,(0.5%), H,BO, (0.5%) and Ca(NO,), (1%)

T, PRD 50% ETc applied to alternating sides of the root system +
fertigation with K,SO, (0.5%), H,BO, (0.5%) and Ca(NO,), (1%)

T, No Irrigation

ETc- Crop evapotranspiration, F- Fertigation, RDI- Regulated deficit
irrigation, PRD- Partial root zone drying

For shelf life studies fruits, after harvest were stored at room
temperature in baskets and parameters were recorded on 0, 2",
4t 6h 8t and 10" days of storage. The moisture content was
determined by using an electronic moisture analyser at 105 °C by
spreading a weighed sample (2 g) in an aluminum sample holder,
and evaporative moisture losses were automatically expressed
as percent moisture content. Pre-weighed fruit samples were
weighed on a physical balance after each storage interval. The
loss in weight at each interval during storage was expressed as
percent of initial weight. Fruit firmness of the fruit was recorded
with the help of penetrometer. The decay percentage of mango
fruits was calculated as the number of decayed fruit divided by
the initial number of fruits and multiplied by a hundred.

Data analysis: Data were analyzed statistically as per the method
of Panse and Sukhtame (2000).

Results and discussion

Moisture content: Table 1 on fruit moisture content in mango
fruits under different treatments reveals that fruit moisture
decreased with storage. On mean value basis, maximum percent
fruit moisture content (77.46 %) was recorded in T, (PRD 75 %
ETc + F) whereas, the minimum percent fruit moisture content
(70.55 %) was recorded in T (no irrigation) throughout the
storage period. Maximum percent fruit moisture content (76.73
%) was recorded on 0 day of storage which decreased significantly
and continuously upto 10" the day of storage (72.20 %). However,
interaction between treatments and storage was observed to be
non significant. During second year of investigation (2018),
percent of fruit moisture was higher as compared to year 2017.
On mean value basis in 2018, maximum percent fruit moisture
content (77.72 %) was recorded in T, (PRD 75 % ETc + F)
whereas, minimum fruit moisture content (70.83 %) was recorded
in T, (no irrigation) throughout the storage period. Maximum
percent fruit moisture content was recorded on 0 day of storage
(77.08 %) which decreased significantly and continuously upto
10" the day of storage (72.48 %). The reduction in moisture
content may be due to transpiration losses and to some extent to
fruit respiration as reported by Rathore ez al. (2007). The present
results are in agreement of the findings of Proietti and Antognozzi
(1996) who reported that with an increasing irrigation regime,
the pulp water content of olive was increased.

Physiological weight loss: Data on the physiological loss in

Table 1. Effect of different irrigation regimes and fertigation on fruit moisture (%) of mango cv. Dashehari during storage in the year 2017 and 2018

Treatments Storage (Number of days)
2017 2018

0 2 4 6 8 10 Mean 0 2 4 6 8 10 Mean
T, 100% ETc 7486 7427 73.07 71.87 71.08 70.05 7253 7522 74.62 7329 72.18 71.32 7025 72.81
T, RDI 75% ETc 76.07 75.18 7442 7324 7217 7147 7375 7631 7553 7484 7361 7248 71.72 74.06
T, PRD 75% ETc 7725 7636 75.04 74.08 72.88 72.45 7467 77.64 76.72 7526 7430 7321 72.85 74.99
T, RDI 50% ETc 75.04 7456 73.19 72.19 7124 70.16 7273 7545 74.89 73.51 7246 71.61 7048 73.06
T, PRD 50% ETc 75.80 75.04 74.13 73.06 72.07 7126 7356 76.19 7536 7440 7329 7233 71.53 7387
T, RDI75%ETc+F 79.43 7834 77.05 76.65 7532 7501 7696 79.86 78.66 7748 7693 75.66 7523 7730
T, PRD75% ETc+F 79.76 78.09 77.87 7698 76.18 7589 77.46 80.03 7832 78.11 7721 7654 76.11 77.72
T, RDI50%ETc+F 78.14 7689 7574 7527 7411 7377 75.65 7842 77.11 76.03 7562 7431 7408 7592
T, PRD 50% ETc +F 78.22 77.04 76.17 7546 7422 73.85 7582 78.63 7723 76.52 7585 7442 7413 76.13
T,, No Irrigation 72776 72.18 71.06 69.89 69.24 68.18 70.55 73.09 7242 7128 70.16 69.57 6846 70.83
Mean 76.73 7579 7477 73.86 7285 72.20 77.08 76.08 75.07 74.16 73.14 72.48
CD 0.05 (A) 1.320 1.278
CD 0.05 (B) 1.022 0.990
CD 0.05 (AxB) N.S. N.S.
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weight under various treatments for the two consecutive years
(2017 and 2018) are given in Table 2. First year of investigation
revealed that with the advancement of storage period, percent
physiological loss in weight of mango increased significantly.
On mean value basis maximum PLW of 21.06 % and 21.10 %
during 2017 and 2018, respectively, was recorded in T, (no
irrigation) whereas, minimum PLW (12.81 per cent and 12.85 per
cent) during 2017-18 and 2018-19, respectively, was recorded in
T, (PRD 50% ETc + F) throughout the storage period. On mean
value basis minimum PLW content was recorded on 2™ day of
storage (7.71 % and 7.74 %) during 2017 and 2018, respectively
which increased significantly and continuously up to 10™ the
day of storage (23.20 % and 23.24 %) during 2017 and 2018,
respectively. However, interaction between treatments and storage
was observed to be non significant. Physiological loss in weight
was higher in the year 2018 as compared to year 2017 irrespective
of treatments and showed similar increase with increase in storage
period as in 2017. Increase in fruit weight loss with increasing
number of days may be due to respiration and transpiration of
water through fruit peel tissue and to some biological changes
occurring in fruits (Rathore ef al., 2007). Mahajan and Sharma
(2000) stated that reduction in weight loss in peach fruits as a
result of calcium application may possibly be due to the action
of CaCl, in lowering the respiration rate and protecting the
cell membrane from disintegration thereby leading to delay in
senescence. These findings substantiate the earlier reports on
the aspects by Bhat ef al. (2014) in peaches; Gupta and Mehta

(1988) in ber; Singh and Chauhan (1993) in guava and Sharma
et al. (2017) in litchi.

Fruit firmness: Data presented in Table 3 illustrates the effect
of deficit irrigation and fertigation on fruit firmness in mango cv.
Dashehari. A perusal of data during the first year of investigation
revealed that with advancement of storage life, the fruit firmness
decreased. On mean value basis maximum fruit firmness (27.33
1b/in? and 28.12 1b/in?) during 2017 and 2018, respectively was
recorded in T, (PRD 50% ETc + F) whereas, minimum fruit
firmness (20.97 1b/in*and 21.62 1b/in? during 2017-18 and 2018-
19, respectively) was recorded in T, (no irrigation) throughout
the storage period. On mean value basis maximum fruit firmness
was recorded on 0 day of storage (24.56 1b/in?and 25.15 1b/in?)
during 2017 and 2018, respectively, which decreased significantly
and continuously up to 10" the day of storage (10.80 Ib/in? and
11.20 1b/in?) during 2017 and 2018, respectively, irrespective of
treatment. However, interaction between treatments and storage
was observed to be non significant. Fruit firmness was higher in
the year 2018 as compared to year 2017 irrespective of treatments
and showed similar decrease with increase in storage period as
in 2017.

Fruit firmness is an important quality in fruit production that
can decide when fruit will be harvested, transported, stored, or
marketed. The results of this study showed an increase in fruit
firmness with reduction in water application. The firmness of
fruits and vegetables is mainly influenced by their moisture

Table 2. Effect of different irrigation regimes and fertigation on physiological loss in weight (%) of mango cv. Dashehari during storage

Treatments Storage (Number of days)
2017 2018

2 4 6 8 10 12 Mean 2 4 6 8 10 12 Mean
T, 100% ETc 898 12.06 15.05 18.02 21.07 24.01 16.53 9.02 12.10 15.09 18.06 21.11 24.05 16.57
T, RDI75% ETc 8.60 11.74 1457 17.79 20.78 23.65 16.18 8.64 11.78 14.61 17.83 20.82 23.69 16.22
T, PRD75%ETc 852 11.57 1445 1728 2044 2352 1596 856 11.61 1449 1732 2048 23.56 16.00
T, RDI50% ETc 727 1041 1324 1659 19.73 2227 1491 723 1045 1328 16.63 19.77 2231 1494
T,  PRD 50% ETc 7.03 1025 13.11 1642 1928 2221 1471 7.07 1029 13.15 1646 1932 2225 14.75
T, RDI75%ETc+F 685 988 1292 1579 1885 21.75 1434 6.89 992 1296 1583 18.89 20.63 1438
T, PRD75%ETc+F 6.61 959 1277 1552 1848 2148 1407 6.65 9.63 12.81 1556 1852 21.52 14.11
T, RDI50%ETc+F 536 824 11.65 14.68 17.65 20.79 13.06 540 828 11.69 14.72 17.69 21.79 13.10
T, PRD50%ETc+F 524 815 1129 1419 1741 2059 12.81 528 819 1132 1423 1745 20.83 12.85
T, No Irrigation 12.68 1525 1839 21.78 2649 31.78 21.06 12.73 1529 1843 21.82 26.54 31.82 21.10
Mean 7.71 1071 13.74 16.80 20.01 23.20 7.74 1075 13.78 16.84 20.05 23.24
CD 0.05 (A) 1.32 0.65
CD 0.05 (B) 1.02 0.50
CD 0.05 (AxB) N.S N.S.
Table 3. Effect of different irrigation regimes and fertigation on fruit firmness (Lb/inch?) of mango cv. Dashehari during storage
Treatments Storage (Number of days)

2017 2018

0 2 4 6 8 10 Mean 0 2 4 6 8 10 Mean
T, 100% ETc 2254 2133 17.75 1582 9.59 748 1575 2342 2257 18.64 1686 9.68 791 16.51
T, RDI75% ETc 2335 2242 1837 1634 10.14 871 1655 2421 2326 1925 1737 1124 952 1747
T, PRD75%ETc 2388 22.78 18.86 1697 10.72 954 17.12 24.67 2354 19.66 17.75 11.63 1047 1795
T, RDI50% ETc 2422 22.14 19.69 1725 11.65 10.88 17.63 2531 2442 20.82 1824 11.89 1147 18.69
T,  PRD 50% ETc 2471 2365 2026 17.89 1284 11.69 1850 2563 2478 2147 18.68 13.63 11.88 19.34
T, RDI75%ETc+F 2562 2484 2081 1874 1378 12.05 1930 26.83 2571 21.74 19.66 1466 12.52 20.18
T, PRD75%ETc+F 26.14 2523 21.74 19.68 1452 12.67 1999 27.56 26.59 22.71 20.55 1533 1286 20.93
T, RDI50%ETc+F 2685 2566 2229 20.18 1571 13.74 20.73 27.79 2686 2378 2124 16.65 14.19 21.75
T, PRDS50%ETc+F 2733 26.56 23.65 20.77 16.64 14.78 21.62 28.12 2774 24.52 21.67 17.73 1508 22.47
T, No Irrigation 2097 1971 16.76 15.09 8.63 652 14.61 21.62 20.72 17.66 1617 947 7.14 1546
Mean 2456 2343 20.01 17.87 12.42 10.80 2551 2461 21.02 1881 13.19 11.20
CD 0.05 (A) 0.56 0.78
CD 0.05 (B) 0.43 0.41
CD 0.05 (AxB) N.S. N.S.
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Table 4. Effect of different irrigation regimes and fertigation on decay loss (%) of mango cv. Dashehari during storage in the year 2017 and 2018

Treatments Storage (Number of days)
2017 2018

6 8 10 Mean 6 8 10 Mean
T, 100% ETc 14.00 49.00 84.00 49.00 15.00 50.00 85.00 50 .00
T, RDI 75% ETc 9.00 44.00 74.00 4233 10.00 45.00 75.00 44 .00
T, PRD 75% ETc 9.00 44.00 74.00 42.33 10.00 45.00 75.00 43.33
T, RDI 50% ETc 9.00 39.00 64.00 37.33 10.00 40.33 65.00 38.33
T, PRD 50% ETc 9.00 39.00 64.00 37.33 10.00 40.33 65.00 38.33
T, RDI 75% ETc + F 4.00 34.00 74.00 37.33 5.00 35.00 75.00 38.33
T, PRD 75% ETc + F 4.00 29.00 64.00 32.33 5.00 30.00 65.00 33.33
T, RDI 50% ETc + F 4.00 39.00 59.00 34.00 5.00 40.33 60.00 35.00
T, PRD 50% ETc +F 4.00 34.00 69.00 35.66 5.00 35.00 70.00 36.33
T, No Irrigation 15.00 54.00 84.00 51.00 16.60 55.00 85.00 52.20
Mean 8.10 40.50 71.00 9.16 41.50 72.20
CD 0.05 (A) 1.88 1.34
CD 0.05 (B) N.S. N.S.
CD 0.05 (AxB) N.S. N.S.
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