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The present investigations was conducted at the experimental orchard of Horticultural
Research Station, Kandaghat district - Solan, Himachal Pradesh, India. during 2011
and 2012. An attempt was made to determine the optimum maturity for harvesting of
nectarine cultivars May Fire, Snow Queen, Silver King and Red Gold on the basis of
physico-chemical characteristics of the ripened fruit after a ripening period of 7 days
under ambient conditions. For assessing maturity, fruits of each variety were harvested
at three day intervals commencing from 6 days before the expected harvest date, with
the last sampling date being 6 days after the expected harvest date. On the basis of
physico-chemical characteristics the optimum time for harvesting of May Fire, Snow
Queen, Silver King and Red Gold was found to be 68+3, 83+3, 83+3 and 8943 days,
from the date of full bloom, respectively. A significant increase in fruit size, weight,
volume, pulp: stone ratio, TSS, sugar and carotenoid content was observed with
advancement of harvesting period, while, a decrease in firmness, titratable acidity
and ascorbic acid content. After a ripening period of 7 days fruits harvested on 3
harvesting date retained better physico-chemical attributes in comparison to fruits

harvested on other dates.

1. Introduction

Nectarine (Prunus persica var. nucipersica Schneid.) is a
smooth-skinned peach of the family Rosaceae. The word
nectarine is derived from a Latin word which means Persian
plum although they are not plums. The origin of nectarine is
a mystery. These has a smooth fruit in contrast to pubescent
fruit of peach, was given a species status in the past, but
Bailey (1913) considered only a botanical variety (Prunus
persica var. nucipersica). In recent times, the cultivation of
nectarine, gained popularity among stone fruit growers in the
mid hill areas of Himachal Pradesh. The area under different
cultivars of nectarines is expanding rapidly as they have a
tendency to fetch better prices due to their earlier arrival in
the market as they have a relatively shorter growth period.
In India, the peach/nectarine is cultivated in an area of 69,
409 hectare with an annual production of 2, 43, 074 tonnes
(FAO 2013). However, for better returns, the fruits have to be
harvested at the proper stage of their development. As the fruit
is a relatively new introduction in the state, there is a lack of
information about the maturity indices for different cultivars.

Moreover, maturity indices have to be worked out for specific
locations and information generated elsewhere is not applicable
in all nectarine growing areas. A good harvesting index for
peaches and nectarines is the background skin colour, which
turns yellow from green as chlorophyll content decreases
(Delwiche and Baumgardner, 1985; Eccher et al., 1994).
However, many of the newer cultivars have a red blush, which
masks the background colour, making it virtually impossible to
visually determine the maturity stage. The use of biochemical
characteristics in determination of optimum harvest maturity
is therefore of paramount importance. Thus, the present study
was therefore carried out to standardize appropriate maturity
indices for nectarine cultivars viz., May Fire, Snow Queen,
Silver King and Red Gold.

2. Materials and Methods

To determine the optimum maturity for harvesting of nectarine
cultivars May Fire, Snow Queen, Silver King and Red Gold
on the basis of physico-chemical and sensory characteristics
of the fruits, an experiemnt was laid out in the experimental
orchard of Horticultural Research Station, Kandaghat, district
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- Solan, Himachal Pradesh, India. for procuring fruit samples
at periodic intervals during 2011 and 2012 and the pooled data
was presented here. Full bloom was considered to be the date
on which 50% or more of the flowers of each shoot were open
(Rufat and Dejong, 2001; Mounzer et al., 2008), and counting
the number of days from full bloom to harvest was started from
this date. To determine the effects of maturity on fruit quality
at harvest and after a seven day ripening period under ambient
conditions, fruits from the cultivars May Fire, Snow Queen,
Silver King and Red Gold were harvested at five developmental
stages, at three days intervals commencing from 6 days before
the expected harvest date, with the last sampling date being
6 days after the expected harvest date. Procedures adopted
for evaluating quality by measuring physical parameters such
as fruit size, weight, specific gravity, pulp: stone ratio as per
method prescribed by Ranganna (1986) and observations
pertaining to changes in bio-chemical characteristics like
Total soluble solids (TSS) were measured using an Erma hand
refractometer (0 to 32 °B) and the results were expressed as
degree Brix (°B). The readings were corrected by incorporating
the appropriate correction factor for temperature variation
(Hortwitz 1980). Titratable acidity was estimated by titrating
a known aliquot of the sample against N/10 NaOH solution
using phenolphthalein as an indicator. The titratable acidity
was calculated and expressed as per cent malic acid (AOAC
1980). The total and reducing sugars of fruits were estimated by
Lane and Eynon volumetric method (AOAC 1980) by titrating
the sample against Fehlings solutions. Changes in antioxidant
attributes viz., ascorbic acid content was determined as per
AOAC (1980) method using 2, 6-dichlorophenol-indophenol
dye and total carotenoids were estimated by macerating a
known weight of the sample with acetone and extracting it in
petroleum against 3% acetone in petroleum ether as blank at
452 nm (Ranganna, 1986). Data pertaining to standardization
of maturity indices for different cultivars of nectarines cvs. May
Fire, Snow Queen, Silver King and Red Gold were analysed by
Randomized Block Design (RBD) with three replications.

3. Results and Discussion

3.1. Date of full bloom and days from full bloom to harvest

In the present studies the duration of sampling in terms of
elapsed days from full bloom (DFFB) to harvest ranged
between 64 to 76/61 to 73 days for May Fire, 76 to 88/78 to
90 days for Snow Queen, 77 to 89/77 to 89 days for Silver
King and 84 to 96/83 to 95 days for Red Gold during 2011
and 2012, respectively (Table 1a and b). In terms of elapsed
days from full bloom to harvest fruits of the cvs. May Fire,
Snow Queen, Silver King and Red Gold were considered to
be optimally mature after 68+3, 83+3, 8343 and 89+3 days,
respectively, as fruits from these harvests attained best quality
upon ripening.

The days from full bloom to harvest for different cultivars
varies as the time required for their growth and maturation
is not uniform. Day et al. (2008) reported that the days from
bloom to harvest ranges for different cultivars of peach
and nectarine viz., Spring bright, Summer Fire and August
Red were 104, 140 and 169, respectively. The nectarine cvs
Harflame takes 101 days while Harblaze takes 104 days from
full bloom to harvest (Cline and Norton, 2012). The growth
pattern in nectarine fruit follows a double sigmoid growth
curve and growth continues up to the stage of harvest maturity.
Fruit length is ceased at this stage of development and then
diameter starts showing an increase. During the present
investigations, it was observed that in all the cultivars fruit
size (length and diameter) and weight increased substantially
during the initial sampling dates, which became less prominent
with each successive sampling date. However, increases in
fruit weight were significant up to the 5% picking dates in all
the cultivars May Fire, Snow Queen, Silver King and Red
Gold, respectively. A comparison of the growth curves for
various parts of Elberta peach showed that the double sigmoid
growth curve is expressed by the pericarp tissues and the time
at which the first growth period ends approximately coincides
with the completion of nucellar growth and commencement

Table 1a: Full bloom dates, harvesting dates and days from full bloom to harvest of nectarine cvs. May Fire and Snow Queen

at various maturity stages

May Fire Snow Queen
2011 2012 2011 2012

Fullbloom HD® DFFBto Fullbloom HD DFFBto Fullbloom HD DFFBto Fullbloom HD DFFB to
date harvest date harvest date harvest date harvest

27, 02/05 64 4, March  04/05 61 12, March 27/05 76 12, March  29/05 78

February  05/05 67 07/05 64 30/05 79 01/06 81

08/05 70 10/05 67 02/06 82 04/06 84

11/05 73 13/05 70 05/06 85 07/06 87

14/05 76 16/05 73 08/06 88 10/06 90

“HD: Harvest date
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of embryo growth. A possible explanation for the slow growth
in phase-II is probably due to the fact that most hardening of
the endocarp occurs during this period when the requirement
of nutrients for this process might account for retardation of
the growth of the fleshy mesocarp (Hulme, 1972). Kurnaz and
Kaska (1991) observed that the increase in fruit weight and
volume showed double sigmoid curves in peach and nectarine
cultivars. They also noticed that fruit flesh density increased
rapidly from the end of stage II to the beginning of stage 111
and thereafter, decreased.

3.2. Effect of maturity at harvest on physical characteristics
of fruit

The data on fruit weight of different nectarine cultivars indicates
that there was a progressive and significant increase in fruit
weight of all the cultivars with each successive harvest date
(Table 2). The increase in weight generally narrowed down with
successive harvests although they continued to be significant
throughout sampling. During ripening for 7 days under ambient
conditions, the fruit weight exhibited a decline irrespective of
their harvesting dates. The decline was maximum in fruits from
the first harvest date and generally decreased as fruit became
more mature. The physiological loss in weight (PLW) of fruit
during the seven day ripening period was recorded to be higher

in fruits from earlier sampling dates in all the cultivars (Table
3). Therefore, the maximum increase in weight loss after
seven days was observed in fruits from the first picking dates
and it was recorded to be 14.37, 12.75, 11.42 and 10.40% in
the cultivars Silver King, May Fire, Snow Queen and Red
Gold, respectively. Physiological loss in weight decreased
significantly with each sampling date, and it was observed
to be lowest on the last sampling date for all the cultivars. A
continuous increase in the pulp: stone ratio was observed in all
the cultivars with each successive harvesting date (Table 3).
The increase was significant up to the 5* harvesting date in the
cvs. May Fire, Snow Queen, Silver King and Red Gold. The
maximum pulp: stone ratio was recorded in May Fire (12.20),
followed by Silver King (11.50), Snow Queen (10.50) and Red
Gold (6.60) on the last sampling date.

Physiological loss in weight decreased significantly with
advancement of maturity in all the cultivars. Loss in weight
during storage and ripening can be attributed to loss of
moisture through evapo-transpiration and also to respiratory
losses which accounts for utilization of stored food reserves.
The decrease in PLW of fruits with increasing maturity might
be due to the formation of a natural waxy layer concomitant
to maturation, which could help in reduction of moisture and

Table 1b: Full bloom dates, harvesting dates and days from full bloom to harvest of nectarine cvs. Silver King and Red Gold

at various maturity stages

Silver King Red Gold
2011 2012 2011 2012
Full bloom HD DFFBto Fullbloom HD DFFBto Fullbloom HD DFFBto Fullbloom HD DFFB to
date harvest date harvest date harvest date harvest
9, March 25/05 77 7, March  23/05 77 18, March  10/06 84 16, March 07/06 83
28/05 80 26/05 80 13/06 87 10/06 86
31/05 83 29/05 83 16/06 90 13/06 89
03/05 86 01/06 86 19/06 93 16/06 92
06/05 89 04/06 89 22/06 96 19/06 95

Table 2: Effect of maturity at harvest on changes in fruit weight (g) of nectarine fruit during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days Storage duration in days  Storage duration in days Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 57.1 43.6 50.4 66.3 55.2 60.8 72.8 63.0 67.9 56.4 49.1 52.8

H, 58.7 47.8 533 68.5 59.8 64.1 74.8 63.8 69.3 58.5 514 55.0

H, 63.4 53.6 58.5 70.1 60.8 65.4 76.4 67.2 71.8 60.7 51.9 56.3

H, 65.2 56.5 60.9 72.3 64.9 68.6 77.5 68.7 73.1 62.2 54.5 58.4

H; 66.5 57.5 62.0 73.5 66.2 69.9 78.3 69.7 74.0 63.2 56.1 59.7

Mean 62.2 51.8 70.1 61.4 76.0 66.5 60.2 52.6

CD (p=0.05) H 0.18 0.18 0.17 0.16
I 0.29 0.28 0.27 0.26

HxI 0.41 0.40 0.38 0.36
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respiratory losses, as such a layer is reported to be formed
during maturation in many fruits (Wills et al., 1980). The
fruits picked at optimal harvest time lose less weight during
storage than fruits picked too early but the PLW increased
progressively with increase in storage period in peaches (Gupta
and Jawandha, 2010).

With the increase in sampling period a significant increase in
fruit volume of all the cultivars was observed (Table 4). The
maximum fruit volume was recorded in Silver King (71.1 cc)

whereas it was minimum in May Fire (56.5 cc). During the
7 day ripening period a significant decline in fruit volume
was observed in all the nectarine cultivars. The decrease was
highest in May Fire followed by Snow Queen and Silver King,
while the lowest decrease was observed in Red Gold fruit.
Fruit firmness (kg cm™) was maximum in fruits of the cv. Red
Gold (7.83 kg cm™) followed by Snow Queen (7.75 kg cm™?),
Silver King (7.67 kg cm?) and it was minimum in May Fire
(7.71 kg cm?) on the first sampling date (Table 5). During the

Table 3: Effect of maturity at harvest on changes in physiological loss in weight (PLW) and pulp: stone ratio of nectarine

fruits after the 7 day ripening period

Harvest dates PLW Pulp: stone ratio

(H) (DFFB) May Fire Snow Queen Silver king Red Gold May Fire Snow Queen Silver king Red Gold
H 12.75 11.42 14.37 10.40 9.13 9.53 10.53 5.73
H, 11.07 10.94 13.83 9.81 9.65 9.88 10.80 5.98
H, 9.99 10.07 13.13 9.26 10.67 10.18 11.18 6.18
H, 8.82 9.79 12.58 8.88 11.42 10.30 11.43 6.42
H, 8.47 9.34 12.01 8.51 12.20 10.50 11.50 6.60
Mean 10.22 10.31 13.18 9.37 10.61 10.08 11.09 6.18
CD (p=0.05) 0.03 0.03 0.02 0.02 0.09 0.12 0.06 0.05

Table 4: Effect of maturity at harvest on changes in fruit volume (cc) of nectarine fruit during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 51.8 41.5 46.6  61.9 52.9 574  68.7 59.9 64.3 53.6 489 51.3

H, 539 432 486 639 54.9 594 69.9 61.5 65.7 55.2 51.2 53.2

H, 604 452 52.8 67.4 57.6 62.5 72.1 63.7 67.9 57.0 51.4 54.3

H, 61.2 48.5 54.8 68.0 60.3 64.1 73.4 66.0 69.7 58.6 53.4 56.1

H; 62.5 50.6 56.5 68.8 62.9 65.9 74.3 67.8 71.1 60.4 54.8 57.6

Mean 579 458 66.0 57.7 71.7 63.8 57.0 51.9

CD (p=0.05) H 0.35 0.31 0.20 0.64
I 0.55 0.48 0.32 1.01

HxI 0.78 0.68 0.45 NS

Table 5: Effect of maturity at harvest on changes in fruit firmness (kg cm?) of nectarine fruits during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 7.75 6.92 7.33 7.75 6.79 7.27 7.67 6.42 7.04 7.83 6.88 7.36

H, 7.58 6.50 7.04 7.54 6.42 6.98 7.54 6.21 6.88 7.75 6.21 6.99

H, 7.33 5.58 6.46 7.50 5.25 6.38 7.42 5.33 6.38 7.54 5.96 6.78

H, 7.17 4.67 5.92 7.13 4.50 5.81 7.31 4.58 5.95 7.50 5.63 6.60

H; 6.83 4.25 5.54 6.79 4.17 5.48 7.13 4.00 5.56 7.25 5.08 6.19

Mean 7.33 5.58 7.34 5.43 7.41 5.31 7.58 5.95

CD (p=0.05) H 0.26 0.13 0.15 0.09
I 0.16 0.08 0.09 0.06

HxI 0.36 0.18 0.21 0.13
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ripening period of 7 days a significant decrease in firmness
was observed in all the four nectarine cultivars with mean
values decreasing from 7.30 to 5.51 kg cm™ in May Fire, 7.34
to 5.43 kg cm?in Snow Queen, 7.19 to 5.30 kg cm™in Silver
King and 7.58 to 5.95 kg cm? in Red Gold. The average fruit
length increased gradually with the advancement in maturity
(harvesting dates) in all the cultivars (Table 6). The maximum

fruit length was recorded in Silver King, whereas May Fire
fruits had the least length. A significant decrease in fruit length
was observed in all the cultivars during the ripening period of
7 days as it decreased from 46.92 to 43.85 mm in the cv. May
Fire, 47.92 to 44.13 mm in Snow Queen, 55.10 to 52.12 mm
in Silver King and 50.91 to 47.73 mm in Red Gold. With the
gradual increase in sampling period a significant increase in

Table 6: Effect of maturity at harvest on changes in fruit length (mm) of nectarine fruits during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days ~ Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H 4292 3821 4056 41.85 3740 39.62 52.69 48.88 50.79 4826 4535 46.82

H, 45.07 41.84 4346 4586 4222 44.04 5495 51.12 53.04 4929 4656 47.94

H, 48.61 4479 46.70 4890 4537 47.13 5564 5224 5394 51.12 4873 49.94

H, 48.80 46.50 47.65 5139 4749 4944 56.04 5355 5480 5235 48.89 50.63

H, 49.19 4792 4855 51.57 48.19 49.88 56.18 5480 5549 5354 49.10 51.32

Mean 46.92 43.85 47.92 44.13 55.10  52.12 5091 47.73

CD (»=0.05) H 0.06 0.12 0.15 0.15
I 0.03 0.08 0.09 0.10

HxI 0.08 0.17 0.21 0.22

Table 7: Effect of maturity at harvest on changes in diameter (mm) of nectarine fruits during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold
(H) (DFFB)  Storage duration in days ~ Storage duration in days  Storage duration in days ~ Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean
H 46.42 40.09 4325 47.57 4250 4503 49.53 4146 4549 5020 4492 47.56
H, 48.56 4194 4525 49.74 4446 47.10 5195 44.17 48.06 5195 4520 48.57
H, 4995 4341 46.68 5195 4720 49.57 53.89 4651 5020 52.83 46.15 49.49
H, 5030 4559 4794 5251 4894 50.73 54.12 46.65 5038 53.37 47.02 50.20
H; 5192 46.83 4937 53.10 49.54 5132 5432 47.00 50.66 54.10 47.37 50.73
Mean 49.43  43.57 50.97 46.53 5276  45.15 5249  46.13
CD (p=0.05) H 0.127 0.127 0.123 0.124
I 0.201 0.200 0.195 0.197
HxI 0.285 0.284 0.276 0.278

Table 8: Effect of maturity at harvest on changes in TSS (°B) of nectarine fruits during the 7 day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 7.5 9.9 8.7 8.1 10.3 9.2 8.4 10.3 9.4 7.2 9.4 8.3

H, 8.0 10.4 9.2 8.7 10.8 9.8 8.8 10.8 9.8 7.9 10.0 9.0

H, 9.1 11.7 10.4 9.5 11.7 10.6 9.4 11.5 10.5 8.5 11.3 9.9

H, 9.2 12.4 10.8 9.8 11.8 10.8 10.0 11.8 10.9 8.9 12.1 10.5

H; 9.6 12.5 11.1 10.2 12.2 11.2 10.5 12.1 11.3 9.3 12.3 10.9

Mean 8.7 11.4 9.3 11.3 9.4 11.3 8.4 11.0

CD (p=0.05) H 0.10 0.10 0.07 0.20
I 0.06 0.06 0.04 0.12

HxI 0.15 NS 0.10 0.28
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fruit diameter was observed in all the cultivars (Table 7). The
increase in fruit diameter was maximum towards the end of
sampling in all the cultivars.

Bassi et al. (1995) recorded increase in fruit size especially in

diameter of nectarine cvs. Maria Aurelia and Red Gold. In Red
Gold peach, the proportion of fruits having more than 21 cm
diameter increased up to the third sampling date, which was
considered during ripening at 3 to 4 days interval. Andersen and

Table 9: Effect of maturity at harvest on changes in titratable

acidity (% malic acid) content of nectarine fruit during the 7

day ripening period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 1.24 0.95 1.10 1.37 1.13 1.25 1.47 1.21 1.34 1.25 1.04 1.15

H, 1.08 0.86 0.97 1.22 1.05 1.14 1.29 1.14 1.21 1.13 0.89 1.01

H, 1.00 0.75 0.87 1.11 0.96 1.03 1.16 0.93 1.05 1.05 0.79 0.92

H, 0.93 0.66 0.80 1.01 0.86 0.94 1.07 0.82 0.94 0.95 0.69 0.82

H, 0.86 0.56 0.71 0.96 0.74 0.85 0.99 0.73 0.86 0.88 0.61 0.75

Mean 1.02 0.75 1.13 0.95 1.20 0.96 1.05 0.80

CD (p=0.05) H 0.010 0.010 0.011 0.011
1 0.016 0.016 0.018 0.017

HxI 0.023 0.023 0.025 0.024

Table 10: Effect of maturity at harvest on changes in reducing sugars (%) content of nectarine fruits during the 7 day ripening

period

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 1.71 2.37 2.04 1.78 2.23 2.00 1.85 2.40 2.12 1.48 1.79 1.64

H, 1.82 2.56 2.19 1.88 2.40 2.14 1.94 2.61 2.28 1.57 1.90 1.75

H, 1.99 3.11 2.55 2.05 2.90 2.48 2.08 3.22 2.65 1.72 2.06 1.90

H, 2.14 3.64 2.89 2.25 3.30 2.77 2.33 3.79 3.06 1.86 2.47 2.20

H, 2.51 4.52 3.51 2.58 3.96 3.27 2.62 4.88 3.75 1.95 2.77 2.39

Mean 2.03 3.24 2.11 2.96 2.16 3.38 1.72 2.20

CD (p=0.05) H 0.13 0.12 0.13 0.12
I 0.08 0.08 0.08 0.08

HxI 0.18 0.17 0.18 0.17

Table 11: Effect of maturity at harvest on changes in total sugars (%) content of nectarine cvs.

during the 7 day ripening period

May Fire and Snow Queen

Harvest dates May Fire Snow Queen Silver King Red Gold

(H) (DFFB)  Storage duration in days  Storage duration in days  Storage duration in days  Storage duration in days
0 7 Mean 0 7 Mean 0 7 Mean 0 7 Mean

H, 3.28 3.60 3.44 3.67 3.99 3.83 3.83 4.22 4.02 3.11 3.39 3.25

H, 3.34 3.71 3.52 3.78 4.14 3.96 3.96 4.47 4.21 3.19 3.49 3.35

H, 3.45 3.85 3.65 3.95 4.33 4.14 4.11 4.70 4.41 3.32 3.62 3.49

H, 3.57 4.09 3.83 4.09 4.52 4.30 4.28 5.07 4.68 3.48 3.76 3.63

H, 3.69 4.32 4.01 428 4.71 4.49 451 5.47 4.99 3.601 3.95 3.79

Mean 3.46 3.91 3.96 434 4.14 478 3.34 3.64

CD (p=0.05) H 0.05 0.02 0.05 0.01
I 0.03 0.01 0.03 0.01

HxI 0.07 0.02 0.08 0.02
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Sherman (1995) observed that Suncoast nectarine fruit ripened
during the first week of May after a development period of
75-80 days in northern Florida with average fruit diameter 6
cm and weight >100 g. Sherman et al. (1995) further observed
that the average diameter of fruits was 5.5 cm and fruit weight
was 90-100 g in Sunmist nectarine when fruits were picked at
commercial harvest date.

3.3. Bio-chemical characteristics

Total soluble solid (TSS) content of fruits increased with a
progressive increase in harvesting dates (Table 8). The lowest
TSS values were recorded on the first harvesting dates and these
values increased gradually with each successive harvest and
became maximum by the last harvesting dates. During the 7
day ripening period the maximum TSS content was observed
in fruits that were sampled on the 5th harvesting dates in all
the cultivars viz., May Fire (12.5 °B), Snow Queen (12.2 °B),
Silver King (12.1 °B) and Red Gold (12.3 °B). A similar trend
was observed in the reducing and total sugar contents with
change in maturity and during ripening as fruits of different
cultivars exhibited maximum reducing and total sugar contents
upon ripening when they were harvested on the 5" sampling
date. During ripening for 7 days under ambient conditions the
titratable acidity content of fruits harvested on different dates
exhibited a decline although, fruits harvested earlier retained
higher acid contents than those harvested later (Table 9).

Table 10, reveals that there was a significant increase in
reducing sugar content of all the cultivars with a delay in
harvesting from the 1* to the 5" sampling date. On the first
sampling date the reducing sugar contents were lowest in the
cv. Red Gold (1.48%) and highest in Silver King (1.85%).

Similarly the mean reducing sugar contents on the date
of harvest were also minimum in Red Gold (1.72%) and
maximum in Silver King (2.16%). Fruits from the 5" harvest
recorded the maximum total sugars content after ripening,
recording values of 4.32, 4.71, 5.47 and 3.95% for the cvs.
May Fire, Snow Queen Silver King and Red Gold, respectively
(Table 11). These harvest dates also resulted in maximum mean
values for total sugar contents in different cultivars.

The lowest TSS values were recorded on the first harvesting
dates and these values increased gradually with each successive
harvest and became maximum by the last harvesting dates. As
the fruit mature on the tree, glucose and fructose are converted
into sucrose, the predominant sugar in the ripe fruit. In fruit
that were mature and had a higher mass at harvest, the total
sugars and the proportion of sucrose were higher, while the
proportions of glucose and fructose were lower. This confirms
that the total amount of sugars increased and that glucose and
fructose were converted into sucrose while the peach fruit
matured on the tree (Kobashi et al., 1999; Moriguchi et al.,
1990).

3.4. Antioxidant properties

Ascorbic acid content of fruits decreased throughout harvesting
in all the cultivars as the fruits harvested earlier contained more
vitamin-C than those harvested at a later stage of maturity
(Figure 1). During ripening under ambient conditions there
was a rapid and significant loss in ascorbic acid contents in
all the cultivars which was more pronounced in fruits from
the first harvest and comparatively slower in fruits harvested
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Figure 1: Effect of maturity at harvest on changes in ascorbic acid (mg 100 g') content of nectarine fruits during the 7 day

ripening period
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Figure 2: Effect of maturity at harvest on changes in total carotenoids (mg 100 g') content of nectarine fruits during the 7 day

ripening period

at later stages. The mean ascorbic acid level were observed
to be highest on the first sampling date with values of 12.97
mg 100 g'in Silver King, 12.78 mg 100 g in Snow Queen,
11.64 mg 100 g' in Red Gold and 4.65 mg 100 g' recorded
in the cv. May Fire.

A gradual decline in the titratable acidity and ascorbic acid
content of fruits occurred with every successive picking date
in all the cultivars. Babu and Yadav (2002) observed that
fruits harvested at 82-96 days after fruit set had the lowest
titratable acidity (0.67%) in peach cv. Shan-i-Punjab. They
also observed that there was no significant in-crease in fruit
quality after 82 days after full bloom in Shan-e-Punjab cultivar
of peach grown under Meghalaya conditions. Ma et al. (2003)
showed that flat peach (Prunus persica var. compressa) had a
sweet taste and low ti-tratable acidity (less than 0.4%). Park
and Kim (2002) observed that flesh firmness decreases and
soluble solids contents increases with the fruit maturity. The
variation in acidity, attributed to fruit maturity, did not show
a spe-cific trend in two nectarine cultivars viz., Subong and
Cheonhong. The titratable acidity of 0.58% and 0.61% were
recorded in Flordasun and Pratap cvs. of peach at ripening stage
(Bhatnagar and Kaul, 2002); Carlos et al. (2003) reported that
in nectarine cv. Spring Bright fruit soluble solids concentrations
varied from 8.0 to 16.0% with a mean of value of 11.0% and
titratable acidity ranged from 0.60 to 1.20% with a mean of
0.92%. Whereas, in Elegant Lady cultivar of peach, soluble
solids concentrations varied from 9.0 to 15.0% with a mean of
12.4% and titratable acidity ranged from 0.45 to 0.90% with a
mean of 0.74% as reflected by the consumer test.
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The total carotenoid contents increased gradually with
advancement of harvesting period (Figure 2). The lowest
mean total carotenoids were recorded on the first sampling
date whereas the values were highest on the last sampling date
in all the cultivars. During the 7 day ripening period, the total
carotenoid content increased in all the cultivars.

6. Conclusion

Optimum time for harvesting of May Fire, Snow Queen, Silver
King and Red Gold was found to be 6843, 83+3, 83+3 and 89+3
days, from the date of full bloom, respectively. A significant
increase in fruit size, weight, volume, pulp: stone ratio, TSS,
sugar and carotenoid content was observed with advancement
of harvesting period, while, a decrease in firmness, titratable
acidity and ascorbic acid content. After a ripening period of 7
days, 3" harvesting date fruits retained better physico-chemical
attributes.
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