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Introduction 
 

Among cucumber fruits, the peel and seeds 

are the most nutrient-rich, contain phyto-

nutrients, fibres and antioxidants. Besides, 

seeds contain oil, helpful for brain 

development and smooth body, is also being 

used in ayurvedic preparations. Seed 

production in cucumber has the problem of 

higher number of under developed seed with 

reduced quality. The yield and quality of seed 

produced depends on various factors viz soil, 

climate, cultural practices and more 

importantly, on the stage of seed harvest 
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Among the various stages of fruit harvest (35, 40, 45 DFP under open field (E1); and 45, 

50, 55 DFP under protected (E2) environments, in combination with post-harvest ripening 

(PHR) periods (0, 10, 20 and 30-days);treatment F2P4 (40 DFP+30-days PHR), followed 

by F3P3 (45 DFP+20-days PHR) under open field, whereas, treatment C2P4 (50 DFP+30-

days PHR), followed by C3P3 (55 DFP+20-days PHR) under protected environment, were 

superior in optimizing both seed yield and quality in two cucumber varieties (Pusa Barkha 

and Pusa Uday), during 2019-20, at ICAR-IARI, New Delhi. The seed yield attributes (i.e 

total filled seed and 1000-seed weight) and seed quality attributes (germination and 

vigour) were higher under protected environment. Maximum seed fresh & dry weights, 

and minimum seed moisture content, EC, TSS and TSP (from seed leachates) were 

registered with treatments F3P3 under E1, and C3P3 under E2. Of the seed composition, 

total soluble proteins, starch and oil contents (in seed) increased with the progression of 

seed maturation and PHR period (0 to 30-days), whereas total soluble sugars (in seed) 

significantly reduced, may be due to its conversion into starch. Reduced ROS (O2
·-
 and 

H2O2) in PHR seeds (from all stages of seed development), may be due to reduction in 

seed moisture, which imposes a lower potential threat to seed, consequently reduced 

antioxidants(SOD, CAT and POX); indicative of physical and physiological soundness of 

seeds. 
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toensure maximum performance (Delouche, 

1980).In many vegetable species, early 

harvest may lead to higher number of 

immature and underdeveloped seeds, whereas 

delayed harvest may result in fast ageing or 

vivipary, as seed moisture remain high 

(Bradford, 2004). Therefore, optimizing the 

appropriate harvest time/stage for seeds is 

important especially in fleshy fruits. 

Harrington (1972) demonstrated that seed 

attain maximal vigour and potential 

germinability at physiological maturity, where 

seed filling ends. However, determination of 

optimum harvesting stage is difficult in 

species like cucumber, which have 

indeterminate growth and an extended 

flowering period (Katinas et al., 2016).The 

association of time or stage of seed harvest 

with maximal quality (seed and fruit 

attributes) had shown great variation among 

crops, cultivars and locations. Some workers 

have identified some markers for stage of 

seed harvest with maximal quality viz 

maximum seed dry matter accumulation, 

moisture content, fruit colour, chlorophyll 

content and days from anthesis/pollination, 

etc (Jing et al., 2000). 

 

Cucumber seeds remain impregnated in fruit 

pulp throughout its life cycle (Gupta et al., 

2021a). Therefore, In fleshy fruit/vegetables 

like cucumber, pumpkin, melons etc, the post-

harvest ripening of fruit is very significant to 

maximize seed yield and quality, as the seeds 

continue to develop and mature in the fruit 

even after harvest until the seed extraction 

(Alen and Eser, 2008; Silva et al., 2017).PHR 

of fruits/vegetables, in many crops, increased 

seed viability, vigour, field emergence and 

allow immature seeds to achieve the maturity 

(Alan and Eser, 2008; Passam et al., 2010; 

Kalyanrao et al., 2014; Kortse et al., 2017). 

Seed PHR may be done either within the fruit 

before seed extraction or dry storage of 

extracted seeds.  

 

The physio-biochemical changes such as 

accumulation of food reserves along with the 

ROS and antioxidants in seed during PHR 

were not known. Thus, the present study was 

aimed to identify the optimum harvest stage 

in combination with post-harvest ripening 

period to achieve maximal seed yield and 

quality with chosen two cucumber varieties 

under two environments (open field and 

protected) in reference to physical, 

physiological and biochemical changes in 

developing seed. 

 

Materials and Methods 

 

Experimental site and material 

 

The field experiments were carried out under 

two environments, viz E1: open field 

environment (Division of Vegetable Science), 

and E2: protected environment (Centre for 

Protection Cultivation Technology (CPCT)), 

under irrigated conditions, during 2019-20 at 

ICAR-Indian Agricultural Research Institute, 

New Delhi (IARI). The seeds of two chosen 

cucumber varieties (PusaBarkha and Pusa 

Uday) during both the seasons, under E1 were 

directly planted on the raised beds and flood-

irrigated, whereas under E2, the vines were 

trailed and drip-irrigated. To ensure the 

pollination, the flowers were hand pollinated 

(7-10am) and tagged. 2-3 fruits per plant were 

retained. Fruits from these tagged flowers, 

were harvested on 35, 40 and 45 DFP under 

open field condition, whereas on 45, 50 and 

55 DFP under protected environment. Fruits 

thus harvested, from both growing 

environments, were stored for post-harvest 

ripening periods (0, 10, 20 and 30-days), prior 

to seed extraction. The treatments details are 

given (Table 1).  

 

Seeds from different treatment combinations 

were used in three replicates. Seeds from five 

fruits were extracted immediately (at the start 

of PHR), whereas remaining 15 fruits were 
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stored at lab ambient temperature for PHR; 

seeds were extracted accordingly, for further 

use.  

 

Seed attributes 
 

Using three replicates, viz total number of 

seeds per fruit; total number of filled/unfilled 

seeds per fruit & its %age, were determined 

from 5 fruits each in each replicate, and 

counted; the mean values were computed; 

1000-seed weight was calculated following 

ISTA rules (Anon, 2019).Seed dimensions, 

from 25 seeds in each, were measured using a 

digital Vernier Caliper (RS PRO 150mm 

Digital Caliper, India). Seed fresh and dry 

weights:from 10 seeds per replicate, using a 

precision balance were computed.Other seed 

quality attributes viz seed germination; 50 

seeds per replicate & seed moisture content: 

1-2g seeds following ISTA rules (Anon, 

2019); seed vigour indices; from 10 normal 

seedlings per replicate, following Abdul-baki 

and Anderson (1973) were computed. 

 

Among physiological and biochemical assays, 

electrical conductance from seed leachates: 10 

seeds/30ml MQ water, in each replicate 

following Pandita and Nagarajan (2006); total 

soluble sugars (TSS) following Dubois et al 

(1956); and total soluble proteins following 

Bradford (1976); total starch content using 

Anthrone method (Hodge and Hofreiter, 

1962); seed oil using Soxhlet extractor 

following (AOAC, 1990); ROS (superoxide 

anion (O2
.-
) following Chaithanya and 

Naithani (1994); hydrogen peroxide (H2O2) 

following Mukherjee and Choudhari (1983); 

and antioxidants viz SOD following Dhindsa 

et al., (1981); CAT following Aebi et al., 

(1984), whereas POX following Rao et 

al.,(1996) were estimated and computed. 

 

The experiment was conducted in a complete 

randomized block design using three 

replicates, following a bifactorial scheme (6 x 

2 under E1 and 9 x 2 under E2, respectively) 

and subjected to analysis of variance 

(ANOVA). The data as percentage were 

transformed to arc sin values prior to 

statistical analysis. Statistical analyses were 

carried using WASP 2.0 and Microsoft Excel 

2019. 

 

Results and Discussion 

 

Fruit and seed attributes 

 

Fruit developmental characters viz weight, 

length, width, cavity size and flesh thickness 

showed significant variations at various stages 

of fruit harvest under both the environments, 

whereas during PHR all fruit development 

attributes, except fruit weight were consistent. 

Irrespective of growing environments, stages 

of fruit harvest in combination with PHR 

period significantly affected the seed 

development and yield attributes.  

 

The mean values of two varieties from two 

seasons, depicted significantly maximum 

number of filled seeds: under E1, from 

treatment F2P4 [285.5 (79.54%)]followed by 

F3P3 [284.0 (78.83%)]; and under E2, with 

treatment C2P4 [293.0 (79.88%)] followed by 

C3P3 [292.0 (79.22%)]; whereas the 

minimum number were recorded with F1P1 

[231.8 (69.74%)]; and C1P1 [240.0 (70.43%)] 

under E1 and E2, respectively (Fig 1). 

Irrespective of varieties, seasons and 

environments, the total number of seeds per 

fruit remains constant with different stages of 

fruit harvest and PHR period (Fig 1). 

Irrespective of varieties and seasons, 

maximum number of unfilled seed was 

recorded with F1P1 [100.5 (29.54%)] and 

C1P1 [100.8 (29.17%)]. Maximal 1000-seed 

weight were recorded in treatment F3P3 

(24.54g) followed by F2P4 (24.46g) under 

E1, and in treatment C3P4 (24.16g) followed 

by C2P4 (24.78g) under E2, respectively (Fig 

1). 
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Maximal seed length and breadth were 

recorded in treatment F3P3 (10.24 & 

3.66mm) followed by F2P4 (9.86 & 3.63mm) 

under E1, and in treatment C3P4 (10.76 & 

3.83mm) followed by C2P4 (10.31 & 

3.78mm) under E2, respectively (Fig 2). 

 

Seed quality attributes 

 

Irrespective of varieties and seasons, 

significant differences were registered among 

different stages of fruit harvest and PHR 

period for seed quality parameters viz seed 

germination, seedling growth, seedling dry 

weight, and seed vigour indices under both 

growing environments. Maximum seed 

germination was registered with treatment 

F2P4 (80.84%) followed by F3P3 (79.12%) 

under E1, whereas with C2P4 (82.63%) 

followed by C3P3 (81.46%) under E2 (Fig 3). 

 

Likewise, maximum seedling growth 

(17.53cm), seedling dry weight (0.132g 10 

seedling
-1

), seed vigour index-I (1418.5) and 

seed vigour index-II (10.57) were recorded 

with treatment F2P4 under E1; and maximum 

seedling growth (19.19cm), seedling dry 

weight (0.139g 10 seedling
-1

), seed vigour 

index-I (1585.0) and seed vigour index-II 

(11.36) were recorded with treatment C2P4 

under E2. The minimum mean values were 

recorded with F1P1 & C1P1 for seed 

germination (50.09 & 64.25%), seedling 

length (13.32 & 16.07cm), seedling dry 

weight (0.089 & 0.114g 10 seedling
-1

), seed 

vigour index–I (667.0 & 1032.5) and seed 

vigour index–II (4.44 & 7.32), respectively 

(Fig 3). 

 

Irrespective of varieties and seasons, moisture 

content, fresh & dry weights of seeds showed 

significant differences among the treatments. 

Highest seed mc were observed with F1P1 

(24.10%) & C1P1 (23.37%), whereas, lowest 

seed mc were recorded with F3P3 (16.55%) 

& C3P3 (17.18%) under E1 & E2, 

respectively (Fig 4). Under E1, the maximum 

fresh and dry weights of seeds were recorded 

with F3P3 (24.54 & 20.47mg), followed by 

F2P4 (24.46 & 20.07mg), whereas the 

minimum values with F1P1 (23.14 & 

17.56mg, respectively). Whereas under E2, 

the maximum fresh and dry weights of seeds 

were recorded with C3P3 (24.81 & 20.35mg), 

followed by C2P4 (24.78mgfw) & C3P2 

(20.37mgdw), and the minimum values with 

C1P1 (23.76 & 18.20mg), respectively (Fig 

4). 

 

Physiological and biochemical assays 

 

Electrical conductance (EC) from seed 

leachates 

 

Significant differences for electrical 

conductance were registered among various 

treatment combinations. Increase in PHR 

period, in general, significantly reduced the 

EC value, irrespective of the treatments and 

environments. The minimal values were 

registered, under E1, with F3P3 (112.8µScm
-

1
g

-1
) followed by F2P4 (116.3µScm

-1
g

-1
); 

under E2, with C3P3 (130.2µScm
-1

g
-1

) 

followed by C2P4 (133.8µScm
-1

g
-1

). 

Whereas, maximal values for EC were 

registered, under E1, with F1P1 (224.7µScm
-

1
g

-1
), and C1P1 (241.9µScm

-1
g

-1
) under E2 

(Fig 5).  

 

The EC value was positively correlated with 

an amount of TSS and TSP in seed leachates 

and vice-versa. TSS & TSP in seed leachates 

were minimum with treatment F3P3 (0.704 & 

6.8mg g
–1

) followed by F2P4 (0.710 & 6.9mg 

g
–1

) under E1; and with C3P3 (0.809 & 6.6mg 

g
–1

) followed by C2P4 (0.814 & 6.6mg g
–1

) 

under E2. Whereas, the maximum TSS & 

TSP in seed leachates were recorded with 

treatment F1P1 (1.119 &11.5mg g
–1

); and 

with C1P1 (1.234 & 10.6mg g
–1

) under E1 & 

E2, respectively) (Fig 5). 
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Seed composition  

 

Irrespective of varieties and seasons, the 

variations for seed composition viz TSS, TSP, 

total starch and oil contents were significant 

between two growing environments only. 

TSS decreased (-1.10 to -1.18-folds) with 

increase in PHR duration (0 to 30-days) 

irrespective of harvesting stages, under E1 & 

E2. TSS in developing seed, under E1 (35-45 

DFP) significantly decreased (-1.29-folds) 

(3.443 to 2.675mg g
-1

dw), whereas under E2 

(45-55 DFP), it decreased (-1.33-folds) (3.998 

to 3.008mg g
-1

dw) (Fig 6). TSS accumulation 

registered a strong but a negative correlation 

with the seed developmental stages and PHR 

period (r = -0.92 to -0.99, p < 0.05).TSP 

showed an increasing trend with increasing 

PHR period (0 to 30-days) with all the 

treatments, except F3P4 and C3P4. TSP 

accumulation in developing seed with PHR 

(mean values) under E1 (35-45 DFP), 

increased 1.19-folds (128.3 to 161.7mg g
-1

dw), 

whereas under E2 (45-55 DFP) it increased 

1.33-folds from (138.51 to 197.43mg g
-1

dw) 

(Fig 6). Total starch contents in seed depicted 

a reverse trend of sugar accumulation, which 

upsurge constantly until maturity during 

different stages of seed development (1.15 & 

1.18-folds) under E1 & E2, respectively); so 

also, with increase in PHR periods (1.04 to 

1.07-folds) (Fig 6). 

 

Likewise, the total oil content in developing 

seed increased, under E1 (35-45 DFP) from 

24.65 to 29.87%; and under E2 (45-60 DFP) 

from 28.59 to 30.11%; indicated a close 

proximity (r= 0.99, p< 0.05) between oil 

content and seed developmental stages. 

Similarly, oil content in seed during PHR 

increased (1.02 to 1.04-folds), irrespective of 

treatments (Fig 6).One may obtain better seed 

quality and yield (viz TSS, TSP, total starch 

and oil contents) by harvesting the fruits 

either on 45 DFP+20-days PHR (F3P3) or 40 

DFP+30-days PHR (F2P4) under open field, 

whereas on 55 DFP+20-days PHR (C3P3) or 

50 DFP+30-days PHR (C2P4) under 

protected environments.  

 

ROS and antioxidants activities 

 

Alike seed composition, the variations for 

ROS (O2
·-
&H2O2) and antioxidants (SOD, 

CAT & POX), were significant between two 

growing environments only, irrespective of 

varieties and seasons. The ROS and 

antioxidants, under E1 & E2 decreased 

significantly with the progression of seed 

maturation (Fig 7). The PHR seeds registered, 

in general, the low ROS activity, irrespective 

of the treatments. 30-days PHR seeds, 

registered a decrease in H2O2 activity (-1.09-

folds, -1.08-folds and -1.07-folds) from 

harvested fruits on 35, 40 and 45 DFP, 

respectively under E1, whereas it decreased (-

1.06-folds, -1.07-folds & -1.07-folds) from 

fruits harvested on 45, 50 and 55 DFP, 

respectively under E2 (Fig 7). A similar trend 

with decreased super oxide anion (O2
·-
) 

activity (-1.10-folds, -1.08-folds & -1.11-

folds) with 30-days PHR seeds from fruits 

harvested on 35, 40 and 45 DFP, respectively 

under E1, whereas it decreased (-1.08-folds, -

1.08-folds & -1.12-folds) from fruits 

harvested on 45, 50 and 55 DFP, respectively 

under E2 (Fig 7). Under both the 

environments, the regression analysis, showed 

a strong but negative correlation (r = -0.97 to 

-0.99, p <0.05) between ROS (O2
·-
&H2O2) 

activity and PHR seeds harvested at different 

stages of development (Fig 7).  

 

In general, the antioxidants decreased 

significantly with progression of seed 

maturity and/or increase in PHR periods. 

Antioxidants (SOD, CAT & POX) from 

freshly harvested seeds with 0-day PHR, 

recorded a decrease (-1.14 &-1.15-folds; -

1.15 &-1.17-folds; -1.11 & -1.27-folds) under 

E1 (35-45 DFP) & E2 (45-55 DFP), 

respectively (Fig 8). 30-days PHR seeds, 
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harvested at different developmental stages, 

recorded a decrease (-1.05 & -1.07-folds; -

1.12 & -1.20-folds; -1.10 & -1.18-folds) 

under E1 & E2, respectively. Regression 

analysis showed a strong but negative 

correlation [r = -0.97 to -0.99 (p < 0.05)] with 

PHR periods (Fig 8). 

 

Table.1 Details on various PHR period treatments and its codes 

 

E1: Open field environment E2: Protected environment 

Code Harveststage + PHR Code  Harvest stage + PHR 

F1P1 35-DFP+00-day C1P1 45-DFP+00-day 

F1P2 35-DFP+10-days C1P2 45-DFP+10-days 

F1P3 35-DFP+20-days C1P3 45-DFP+20-days 

F1P4 35-DFP+30-days C1P4 45-DFP+30-days 

F2P1 40-DFP+00-day C2P1 50-DFP+00-day 

F2P2 40-DFP+10-days C2P2 50-DFP+10-days 

F2P3 40-DFP+20-days C2P3 50-DFP+20-days 

F2P4 40-DFP+30-days C2P4 50-DFP+30-days 

F3P1 45-DFP+00-day C3P1 55-DFP+00-day 

F3P2 45-DFP+10-days C3P2 55-DFP+10-days 

F3P3 45-DFP+20-days C3P3 55-DFP+20-days 

F3P4 45-DFP+30-days C3P4 55-DFP+30-days 

 

Fig.1 Effects of fruit harvest stages and post-harvest ripening periods on seed number and 1000-

seed weight across cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 
Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, (A): Total number of seeds per fruit; (B): Number of filled seed per fruit and (C): 1000-seed weight 

F1, F2 and F3 are harvesting stage of fruit under open field environment at 35, 40 and 45 DFP, respectively; whereas C1, C2 and C3 are 
harvesting stage of fruit under protected environment at 45, 50 and 55 DFP, respectively. P1, P2, P3 and P4 denotes the post-harvest 

ripening period ie 0, 10 20 and 30-days, respectively] 
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Fig.2 Effects of fruit harvest stages and post-harvest ripening period on seed dimensions across 

cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, (A):Seed length and (B): Seed breadth; 
F1, F2 and F3 are harvesting stage of fruits under open field environment at 35, 40 and 45 DFP, respectively; whereas C1, C2 and C3 

are harvesting stage of fruits under protected environment at 45, 50 and 55 DFP, respectively. P1, P2, P3 and P4 denotes the post-

harvest ripening period ie 0, 10 20 and 30-days, respectively] 
 

Fig.3 Effects of fruit harvest stages and post-harvest ripening period on seed quality across 

cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 
Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, (A): Seed germination percentage; (B): Seed vigour index- I; and (C):Seedvigour index-II; 

F1, F2 and F3 are harvesting stage of fruit under open field environment at 35, 40 and 45 DFP, respectively; whereas C1, C2 and 
C3 are harvesting stage of fruit under protected environment at 45, 50 and 55 DFP, respectively. P1, P2, P3 and P4 denotes the 

post-harvest ripening period ie 0, 10 20 and 30-days, respectively) 



Int.J.Curr.Microbiol.App.Sci (2021) 10(01): 2119-2134 

 

 

2126 

Fig.4 Effects of fruit harvest stages and post-harvest ripening period on seed moisture content, 

seed fresh and dry weights across cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, (A): Seed moisture content; (B): Seed fresh weight and (C):Seed dry weight; 

F1, F2 and F3 are harvesting stage of fruit under open field environment at 35, 40 and 45 DFP, respectively; 

whereas C1, C2 and C3 are harvesting stage of fruit under protected environment at 45, 50 and 55 DFP, 

respectively. P1, P2, P3 and P4 denotes the post-harvest ripening period ie 0, 10 20 and 30-days, respectively) 

 

Fig.5 Effects of fruit harvest stages and post-harvest ripening period on electrical conductance, 

total soluble sugars and total soluble proteins from seed leachates across cucumber varieties, 

seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, (A): Electrical conductance; (B): Total soluble sugars;  and (C):Total soluble proteins from seed leachates; 

F1, F2 and F3 are harvesting stage of fruit under open field environment at 35, 40 and 45 DFP, respectively; 

whereas C1, C2 and C3 are harvesting stage of fruit under protected environment at 45, 50 and 55 DFP, 

respectively. P1, P2, P3 and P4 denotes the post-harvest ripening period ie 0, 10 20 and 30-days, respectively] 
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Fig.6 Effects of fruit harvest stages and post-harvest ripening period on seed composition across 

cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

[Where, from seeds, (A): Total soluble sugars; (B): Total soluble proteins; (C):Total starch content; and (D) Oil 

content] 

 

Fig.7 Effects of fruit harvest stages and post-harvest ripening period on ROS activity across 

cucumber varieties, seasons and environments 

 

(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

Where, (A): Super oxide anion (O2
·-
) and (B): Hydrogen peroxide (H2O2) 
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Fig.8 Effects of fruit harvest stages and post-harvest ripening period on antioxidants activity 

across cucumber varieties, seasons and environments 

 

 
(Data represent the mean values±SE of two varieties from two seasons using three replicates; 

Values denoted by different letters are significantly different at p≤0.05 following Duncan’s multiple range test).  

Where, (A): Super oxidedismutase (SOD); (B): Catalase (CAT); and (C) Peroxidase (POX) 
 

Seed yield 

 

Stages of fruit harvest in combination with 

post-harvest ripening period significantly 

affected the seed development and yield 

attributes. Increase in seed yield viz 1000-seed 

weight, seed fresh and dry weights may be 

due to seed as sink keep on receiving the 

accumulates with the advancement of seed 

maturity during seed development and/or 

post-harvest ripening period (within a fruit) 

(Gupta et al., 2021b). However, an increase in 

filled seeds per fruit during PHR indicated the 

reshuffling of accumulates towards under 

developed seeds. Seed composition registered 

the significant increase in total starch, TSP 

and oil contents, whereas TSS decreased with 

the advancement of seed development or 

maturity. The present results also registered 

the increase in total starch and TSP, whereas a 

decrease in TSS was registered; on the 

contrary, the total oil contents remains 

unaffected during PHR. Vinod K et al., 

(2014), in pumpkin, reported an increase in 

seed proteins and carbohydrates along with 

oil contents during PHR in line of my results. 

The increase in the total proteins, even after 

harvest, may be due to the continuation of 

metabolic processes (ie inter-conversion of 

free amino acids) within the plant cells. 

Additionally, the reduced activity of the 

hydrolytic enzymes (proteases and amylases) 

helps the fruit and in turn seeds, in 

accumulating the proteins and starch during 

the later stages of ripening (Stanley, 1998). 

Increase in accumulates during PHR may be 
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due to transfer of assimilates from pulpy fruit 

to seeds.  

 

Seed quality 

 

Irrespective of varieties, seasons and 

environment, the better seed quality and yield 

(viz seed germination, seed vigour indices, 

total number of seeds per fruit, total number 

of filled seeds per fruit, 1000-seed weight, 

fresh and dry weights) increased with the 

advancement of developmental stages and 

increment in PHR period either individually 

or in combination. Seed composition changes 

may be attributed to the development of 

bolder seeds, which directly or indirectly 

attributed to the increase in seed quality (viz 

seed germination and vigour) during PHR. 

Significant differences were registered in 

seeds of different harvests, for seed 

germination and vigour, if the fruits were 

subjected to various PHR periods. The present 

results showed an increase in seed 

germination and vigour in PHR-seeds, from 

fruits harvested at different developmental 

stages of both the cucumber varieties from 

both growing environments [ie with treatment 

F2P4 (40 DFP+30-days PHR) followed by 

F3P3 (45 DFP+20-days PHR) under E1; and 

with C2P4 (50 DFP+30-days PHR) followed 

by C3P3 (55 DFP+20-days PHR) under E2. 

Previous workers, on similar line of enhanced 

seed quality with PHR, had reported in 

pumpkin (Vinod K et al., 2014); hybrid 

pumpkin (Silva et al., 2017); water melon 

(Nerson, 2002); Indian chilli (Pandita and 

Nagarajan, 2001); pepper (Oladiran and 

Kortse, 2002); tomato (Dias et al., 2006) and 

french bean (Shaheb et al., 2015). Improved 

vigour in PHR-seeds may also be attributed to 

better seed longevity or storability (Alan and 

Eser, 2008; Passam et al., 2010). 

 

One of the possible reasons for increased 

germination in PHR-seeds over freshly 

harvested seeds could be the breakdown of 

dormancy. Seed dormancy may be due to the 

accumulation of some germination inhibitors, 

which were depleted as seed storage 

progressed. It may be due to either presence 

of or the sensitivity of abscisic acid in seeds, 

which was also reduced with PHR periods 

(Finch-savage and Leubner-metzger, 2006). 

Besides, the role of ROS and antioxidants 

were expected in regulation of seed 

dormancy. Second possibility of the higher 

germination in PHR-seeds may be attributed 

to the increased growth potential of the 

embryo, and cell wall degradation enzymes 

during storage, which enhanced the capability 

of radicle to penetrate surrounding physical 

barrier in seeds (Iglesias-fernandez and 

Matilla, 2009). Third possibility of higher 

seed quality in PHR-seeds may be attributed 

to the greater accumulation of food reserves 

in seeds such as tomato (Hamsaveni et al., 

2003) and chili (Pandita and Nagarajan, 

2001). Fourth possibility of improved 

germination in eight months after-ripening 

seeds might be due to development of mature 

embryos and acquisition of desiccation 

tolerance (Murugesan and Vanangamudi, 

2005). The present results need validation. 

Besides, PHR of fruits allow an early harvest 

of crop; resulting in prevention from various 

biotic and abiotic stresses. In another 

possibility, Iglesias-fernandez and Matilla 

(2009), in seeds of Sisymbrium officinale L, 

reported that after-ripening: (i) alters the gene 

expression pattern of several functional genes 

including oxidases which was involved in the 

ethylene and gibberellins pathways during 

early imbibitions, as both of these hormones 

are positively involved in germination; (ii) 

quantitatively increased the rate of initial 

water uptake, which support rapid 

germination. Whereas, Carrera et al., (2008) 

reported that ABA sensitivity (germination 

inhibitor and dormancy promoter) was 

reduced during after-ripening in Arabidopsis. 

Thus, it may be inferred that PHR in 

cucumber be opted as a dormancy breaking 
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treatment; various physiological and 

biochemical events related to release of 

dormancy and germination improvement 

occurs during PHR period. 

 

Seed germination and vigour increased up to 

40 & 50 DFP under E1 & E2, respectively, 

this period, a possible indication of seed 

physiological maturity, have maximal seed 

germinability. Whereas, seed dry weight at 

PM was not at peak, as seed filling continued 

up to fruit harvesting and/or even after fruit 

harvesting with PHR. Further after PM, seed 

viability and vigour slightly decreased, may 

be attributed to inactivation of certain 

enzymes or reduced cell membrane integrity. 

 

Physiological and biochemical attributes of 

seed quality 

 

The moisture contents in fruits and seeds 

decreased gradually with advancement of 

maturity and PHR, may be due to the natural 

disintegration of fruit and evaporation of 

water, resulted a decrease in fruit weights. 

The changes in fruit dimension during PHR 

period, may be due to the loss of moisture, 

which was non-significant. Similar results of 

loss in seed moisture with increased PHR 

period were reported in chilli (Pandita and 

Nagarajan, 2001); in pepper (Alan and Eser, 

2008); in bottle gourd (Kalyanrao et al., 

2014). During the PHR period, fruit weight 

loss resulted in dehydration of fruits leaving 

pithy pulp and seed mass intact (Murugesan 

and Vanangamudi, 2005). The increase in 

seed dry weight during PHR may be 

attributed to continued supply of accumulates 

and nutrients from stored fruits. The results 

were in confirmation with work of Passam et 

al., (2010) in eggplant and Kalayanrao et al., 

(2014) in bottle gourd. On contrary, Alan and 

Eser (2008) reported the decline in seed 

weight of pepper during PHR; seed tend to 

respire and use the food reserves (Carvalho 

and Nakagawa, 2000). However, Sanchez et 

al (1993) reported a non-significant change in 

seed dry matter in bell-pepper during PHR. 

 

Electrical conductance from the seed 

leachates significantly reduced with 

advancement in harvesting stages and PHR 

periods under both the environments, which 

was positively correlated with TSS and TSP 

(in seed leachates). A decrease in seed 

moisture and EC, in general, during PHR 

indicated the physiological soundness 

(vigour) of seed; exceptions with treatments 

F3P4 and C3P4, which may be due to the 

increased moisture and EC with fruit rotting. 

Reduction of cucumber seed yield and quality 

due to extended period of PHR were more 

severe from summer season crop under open 

field environment than either winter season 

crop or protected environment crop, which 

could be due to the synergetic effects of high 

temperature, low oxygen and high CO2, low 

water potential, partial pressures (Edelstein et 

al, 1995). Normally, PHR allows seeds to 

remain embedded in fruit pulp, with moisture 

content close to imbibitions and optimum 

available oxygen, but with prohibited 

germination, help to maintain their viability 

for significant periods, as such encouraged 

cellular repair for maintaining vigour and 

viability (Dias et al., 2006). But delay in 

harvest or extended PHR period may lead to 

reduction in seed quality and yield due to 

decomposition of fruits & seeds; and 

precocious germination (vivipary) (Alan and 

Eser, 2008). In fleshy fruit such as cucumber, 

precocious germination of seeds within a fruit 

is controlled by hormonal regulation in early 

development stages and by the osmotic 

potential of the fruit in later development 

stages (Bradford, 2004). Delay in harvest and 

PHR allows fruits to rotten and decompose, a 

decrease sensitivity to osmotic inhibition 

resulted in precocious germination. 

 

Seed maturation and post-harvest ripening 

period have been described as an oxidative 
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process in several fruits especially in 

climacteric fruits (Rogiers et al., 1998). To 

observe the mechanisms underlying the later 

seed development stages and PHR in 

cucumber seeds, ROS and antioxidants play 

an vital role in seeds. Generally, the 

production of ROS is under strict supervision 

of antioxidants; decides the fate of seed viz 

germination, dormancy or oxidative stress 

caused cell death by triggering cellular events 

(hormone signalling), and direct oxidation of 

a subset of biomolecules. Besides, ROS and 

antioxidants play pivotal role in the regulation 

of seed development and maturation, seedling 

establishment, and seed ageing (Bailly, 2019). 

In present study, there were reduced ROS 

activities in PHR-seeds from all 

developmental stages, may be due to 

reduction in seed moisture, which imposes a 

lower potential threat to seed, consequently 

reduced antioxidants (SOD, CAT and POX) 

under both the growing environments. Similar 

works were reported by Silva et al., (2017) in 

pumpkin, Matamoros et al., (2009) in pea and 

Gupta et al., (2021c) in cucumber. On 

contrary, Vidigal et al., (2009) reported that 

the release of moisture from immature seed of 

capsicum during PHR cause the stress to seed, 

resulting in higher ROS generation and 

increased activity of antioxidant enzymes to 

scavenge the same. However, the higher 

antioxidants activity in freshly harvested 

seeds of cucumber is to scavenge the higher 

concentration of free radicals, due to high 

moisture stress and decline in antioxidants 

with PHR period, indicative of resistance to 

seed desiccation. Among antioxidants, SOD is 

one of the important enzymes, which 

dismutase the superoxide anion (O2
·-
) and 

convert it into H2O2 and oxygen, further this 

H2O2 is detoxified by CAT and POX (Gill and 

Tuteja, 2010). Nevertheless, the cucumber 

seed contains about 30% oil, thus the role of 

these antioxidants become more important to 

reduce lipid peroxidation in seeds, especially 

a mention of CAT, as it removes H2O2 

generated during β-oxidation of fatty acids 

(Bewley and Black, 1994). My studies, 

registered an overall decrease in ROS and 

antioxidants, during seed development and 

PHR. These results underline the importance 

of SOD, CAT and POX, as part of the 

antioxidants network. Similar, results were 

reported by Matamoros et al., (2009) in pea 

during seed maturation and storage of fruit. 

 

In conclusion it may be inferred that, fruits of 

cucumber should be harvested on 45 DFP 

under open field and 60 DFP under protected 

environments; moreover at complete plant-

dry-stage or when fruit turns brown and 

warty. For higher seed quality, harvested 

fruits should be subjected to post-harvest 

ripening either for about 20-days, if harvested 

at full maturity, or for 30-days, if harvested 5-

days prior to full maturity. Furthermore, seed 

crop of cucumber for higher seed yield and 

quality preferably be planted under protected 

environments. Post-harvest-ripening period of 

seed not only provides an opportunity of an 

early harvest of fruits with better quality and 

yield but also provides an additional period to 

seed maturation (seed within the fruit showed 

decrease in mc%, EC, increase in food 

reserves, balanced ROS and antioxidants 

production during PHR), resulting in 

improved seed germination and vigour. These 

changes, in combination, indicated the 

physical and physiological soundness of seeds 

during PHR. Besides, PHR allows the 

immature seed to mature within a fruit and 

prevent the damages by drying (cell 

membrane integrity) leading to reduced 

generation of ROS and consequently, reduced 

antioxidants. 
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