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Abstract
An investigation entitled “Effect of storage period and growing media on seed germination and
physiological attributes of acid lime seedlings (Citrus aurantifolia Swingle) cv. Kagzi” was conducted
during the year Kharif - 2016 at Horticultural Research Farm, Department of Horticulture, B. A. College
of Agriculture, Anand Agricultural University, Anand. The treatments comprised four levels of storage
period (S) viz., S1- 0 day after seed extraction, S2- 15 days after seed extraction, S3- 30 days after seed
extraction and S4- 45 days after seed extraction with three levels of growing media (M) viz., M1- Soil +
Vermicompost (1:1), M2- Soil + Cocopeat (1:1) and M3- Soil + FYM (1:1). The experiment was laid out
in a Completely Randomized Design (Factorial) with twelve treatment combinations and three repetition.
Sowing of seed immediately after extraction observed minimum number of days (22.33) for 50 percent
germination, maximum germination percentage (70.50) at 45 DAS and speed of germination (13.38) with
maximum vigour index- I (3591.50), seedling vigour index- II (321.41) at 120 DAS and relative growth
rate at 60-90 and 90-120 DAS (1.54 and 4.62 g/day). Growing media M2 recorded minimum days (30.33)
for 50 percent germination, maximum germination percentage (63.27) at 45 DAS and speed of
germination (12.47). While, at 90-120 DAS growing media M1 recorded maximum relative growth rate
(2.55 g/day) with seedling vigour index- I (2097.18) and II (157.73) at 120 DAS. Treatment combination
S1M2 recorded minimum days (18.00) for 50 percent germination with maximum germination percentage
(74.55) at 45 DAS. At 60 DAS treatment combination S1M2 recorded seedling vigour index- II (44.81).
At 90 DAS treatment combination S1M1 recorded the highest seedling vigour index- I (2777.90).
Whereas, treatment combination S1M1 recorded maximum relative growth rate at 60-90 and 90-120 DAS
(1.65 and 5.50 g/day) and seedling vigour index- II (388.73) at 120 DAS.
Keywords: Acid lime seeds, Storage period, Growing media, Germination attributes, Physiological
attributes

Introduction
Acid lime (Citrus aurantifolia Swingle) is an important sub-tropical fruit crop of the world. It
belongs to family Rutaceae and native of India and South-Eastern China. It is also known as
kagzi lime or maxican lime or pati lime. India is the largest producer of acid lime in world.
Citrus seeds are recalcitrant in nature hence impose serious storage problems due to their
desiccation and chilling sensitivity. Seeds undergo no maturation and storage above critical
level of time leads to loss of viability. Growth media composition influences seed germination
and quality of the seedlings. It is a substrate that provides the required elements and physical
support to the growing plants. Media should also have good water holding capacity, drainage
and other physical and chemical properties.
Nurserymen do not know when to sow the seed after extraction and which media is suitable
for better germination and growth of the kagzi lime seedling. Hence, the experiment was
formulated to study the “Effect of storage period and growing media on seed germination and
physiological attributes of acid lime seedlings (Citrus aurantifolia Swingle) cv. Kagzi”.
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Materials and Methods
The experiment was conducted at the Horticultural Research Farm, Department of
Horticulture, B. A. College of Agriculture, Anand Agricultural University, Anand during the
Kharif - 2016. Seeds of fully ripe kagzi lime fruit were extracted manually and rubbed in ash
to remove sticky material on seed.
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Sowing of zero day was carried out at same day while
remained seeds were stored in cloth bag at ambient condition.
The seeds were stored in different lots for different sowing
dates. Various growing media viz., soil, vermicompost,
cocopeat and FYM were used in 1:1 proportion as a mixture
for sowing seeds. Black polythene bags of 6'' × 8'' size were
filled with (1:1) proportion for different mixture of growing
media according to the treatments. One seed of the acid lime
was dibbled at about 2 to 3 cm depth in each polythene bag.
For each replication 60 polythene bags were filled and kept in

net house having 75% green shed net. Data on number of days
required for 50 percent germination, germination percentage
(At 45 DAS), Speed of germination were recorded.
Physiological parameters viz., seedling height (cm), relative
growth rate (60-90 and 90-120 DAs) and seedling vigour
index- I and seedling vigour index- II at 60, 90 and 120 DAS
was recorded from five randomly selected plants and
statically analysed.
Results and Discussion

Table 1: Effect of storage period and growing media on seed germination
Treatment
S1 0 days after seed extraction
S2 15 days after seed extraction
S3 30 days after seed extraction
S4 45 days after seed extraction
S.Em. ±
C.D. at 5%
M1 Soil + Vermicompost (1 : 1)
M2 Soil + Cocopeat (1 : 1)
M3 Soil + FYM (1 : 1)
S.Em. ±
C. D. at 5%
C.V%
SXM

No. of days required for 50% germination
Storage period (S)
22.33
30.22
41.67
48.89
0.60
1.75
Growing media (M)
37.83
30.33
39.17
0.52
1.51
5.02
Sig.

Table 2: Interaction effect of storage period and growing media on
seed germination
M Days required for 50 percent
germination
S
M1
M2
M3
S1
23.67 18.00
25.33
S2
31.67 26.67
32.33
S3
43.33 36.33
45.33
S4
52.67 40.33
53.67
S.Em ±
1.04
C.D. at 5%
3.03

Germination percentage
(At 45 DAS)
M1
M2
M3
71.44 74.55 65.51
57.11 68.77 61.67
52.33 59.00 50.50
39.00 50.74 36.15
1.66
4.84

Effect of storage period
Storage period showed the significant effect on germination
parameters. Sowing of seed at immediately after extraction
(S1) recorded minimum number of days required for 50
percent germination (22.33), maximum germination
percentage at 45 DAS (70.50) and speed of germination
(13.38). This might be due to fresh seeds has more moisture
and vigour and absence of dormancy. These results are in
accordance with Mahasin and Mustafa (2015) [9] in mango,
Khopkar et al. (2014) [7] in pummelo. Storage period of seed
observed significant effect on physiological parameters. At
60, 90 and 120 DAS storage period S1 recorded maximum
vigour index- I (1515.83, 2484.24 and 3591.50, respectively),
seedling vigour index- II (39.87, 109.54 and 321.41,
respectively) whereas, relative growth rate was observed
maximum (1.54 and 4.62 g/day) at 60-90 and 90120 DAS.
This might be due to higher germination capacity of fresh
seed with more vigour, which resulted better growth of
seedlings ultimately superior physiological attributes. These
results are in accordance with Deepika et al. (2014) [5] in
karonda, Singh and Singh (1981) [11] in papaya.
Effect of growing media
Growing media showed significant effect on germination and
its attributes. Growing media M2 recorded minimum days

Germination % (At 45 DAS)

Speed of germination

70.50
62.52
53.94
41.96
0.88
2.56

13.38
11.99
10.19
7.23
0.32
0.93

54.97
63.27
53.46
0.76
2.21
4.59
Sig.

9.95
12.47
9.67
0.28
0.81
8.95
NS

(30.33) for 50 percent germination, maximum germination
percentage at 45 DAS (63.27) and speed of germination
(12.47). It might be due to the beneficial effect of cocopeat
mixture which having high water holding capacity, porosity
and soil aeration which is good for germination (Arvind et al.,
2015) [1]. Growing media observed significant effect on
physiological parameters. Relative growth rate at the both
phases (60-90 and 90-120 DAS) found maximum i.e. 1.05 and
2.55 g/day in M1 treatment. Seedling vigour index-I was
observed maximum in treatment M2 at 60 and 90 DAS
(1275.2 and 1733.8). While, at 120 DAS it was recorded
maximum (2097.2) in M1 treatment. At 60 DAS seedling
vigour index-II was recorded maximum (31.28) in M2
treatment. Whereas, it was found maximum in treatment M1 at
90 and 120 DAS (63.42 and 157.73). It might be due to at
initial stage soil and cocopeat improved soil texture, porosity,
water holding capacity, activity of useful soil micro fauna and
flora which maintained soil temperature and improved soil
health and nutrient status of medium (Hartmann and Kester,
1997) [6]. While, at latter stage vermicompost which contain
plant growth regulating materials, such as humic acid and
plant growth regulators like auxin, gibberellins and
cytokinins, which are responsible for increasing root length
better physiological attributes (Atiyeh et al., 2002) [2]. Similar
results were also obtained by Bhardwaj (2014) [3] and
Ramteke et al. (2015), Arvind et al. (2015) [1] in papaya.
Interaction effect of storage period and growing media
Interaction effect of storage period and growing media
showed the significant effect on germination parameters.
Treatment combination S1M2 recorded minimum days (18.00)
for 50 percent germination with maximum germination
percentage at 45 DAS (74.55) whereas, speed of germination
was found non-significant. This might be due to initially high
vigour and viability of seed gave high germination (Khopkar
et al., 2014) and media enhanced the physiological processes
in seeds and higher level of available nutrient, moisture and
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some acids may helped for better germination (Bisla et al.
1984) [4]. These results are in accordance with Bhardwaj
(2013), Kumawat et al. (2014) [8] and Arvind et al. (2015) [1]
in papaya. Interaction effect of storage period and growing
media showed the significant effect on physiological
attributes. Relative growth rate was observed maximum (1.65
and 5.50 g/day) in S1M1 treatment combination at 60-90 and
90-120 DAS. At 60 DAS seedling vigour index-I and II
observed the maximum (1710 and 44.81) in treatment
combination S1M2. While, at 90 and 120 DAS it was found
maximum in S1M1 (2778 and 3798) and (119.35 and 388.73),
respectively. This might be due to high moisture, proteins,
lipids and starch content and vigour of fresh seed that resulted
better development of seedling. This result are similar with
result found by Deepika et al. (2014) [5] in karonda. Cocopeat
media initially improved soil texture and having porosity with

more water holding capacity. While, at latter stage
vermicompost provided good activity of useful soil micro
fauna and flora which maintained soil temperature, improved
soil health and nutrient status of medium. Similar results were
also obtained by Bhardwaj (2014) [3] and Ramteke et al.
(2015) in papaya.
Conclusion
Better germination of acid lime seed can be obtained by
sowing the seed immediately after seed extraction in growing
media soil + cocopeat (1:1). Better physiological parameters
of seedling viz. relative growth rate, seedling vigour index- I
and seedling vigour index- II were found when seed sown
immediately after extraction in soil + Vermicompost (1:1)
growing media.

Table 3: Influence of storage period and growing media on development of acid lime seedling
Treatment
S1 0 days after seed extraction
S2 15 days after seed extraction
S3 30 days after seed extraction
S4 45 days after seed extraction
S.Em. ±
C.D. at 5%
M1 Soil+ Vermicompost (1 : 1)
M2 Soil + Cocopeat (1 : 1)
M3 Soil + FYM (1 : 1)
S.Em. ±
C.D. at 5%
C.V%
SXM

Relative growth rate (g/day)
Seedling vigour index- I
60 - 90 DAS
90 - 120 DAS
60 DAS 90 DAS 120 DAS
Storage period (S)
1.54
4.62
1515.8 2484.2
3591.5
0.95
2.04
1183.3 1804.1
2069.8
0.74
1.37
942.4
1303.9
1403.7
0.47
0.70
683.7
897.3
989.2
0.01
0.03
29.6
45.9
65.5
0.04
0.09
86.3
133.8
191.3
Growing media (M)
1.05
2.55
1020.4 1695.9
2097.2
0.86
1.85
1275.2 1733.8
2065.1
0.87
2.16
948.3
1437.4
1878.4
0.01
0.03
25.6
39.7
56.8
0.03
0.07
74.8
115.9
165.6
4.37
4.00
8.2
8.5
9.8
Sig.
Sig.
NS
Sig.
NS

Seedling vigour index- II
60 DAS 90 DAS 120 DAS
39.87
29.99
22.58
15.37
0.50
1.47

109.54
59.40
40.78
20.30
1.42
4.15

321.41
124.59
72.26
28.18
3.29
9.59

26.56
31.28
23.02
0.436
1.27
5.60
Sig.

63.42
57.96
51.13
1.233
3.60
7.42
Sig

157.73
125.22
126.88
2.845
8.30
7.22
Sig.

Table 4: Interaction effect of storage period and growing media on development of acid lime seedling
Relative growth rate (g/day)
90 - 120 DAS
60 - 90 DAS
S
M1 M2 M3 M1 M2 M3
S1
1.65 1.43 1.53 5.50 3.83 4.53
S2
1.31 0.76 0.78 2.44 1.79 1.90
S3
0.72 0.77 0.73 1.45 1.21 1.46
S4
0.50 0.47 0.45 0.81 0.56 0.74
S.Em.±
0.02
0.05
C.D. 5%
0.07
0.15
M

Seedling vigour index- I
90 DAS
M1
M2
M3
2778
2507
2168
1779
2105
1528
1419
1274
1219
809
1049
834
79.42
231.80

References
1. Arvind K, Ritesh, Patel KM, Upadhyay NV. Effect of
different growing media and containers on germination
and establishments of seedlings of papaya (Carica
papaya L.) cv. Madhubindu. Trends in Biosciences.
2015; 8(1):227-235.
2. Atiyeh RM, Lee SS, Edwards CA, Arancon NQ,
Metzager J. The influence of humic acid derived from
earthworm processes organic waste on plant growth. Bio.
Res. Tech. 2002; 84:7-14.
3. Bhardwaj RL. Effect of growing media on seed
germination and seedling growth of papaya cv. 'Red
lady'. African Journal of Plant Science. 2014; 8(4):178184.
4. Bisla SS, Singhrot RS, Chauhan KS. Effect of growing
media and urea application on seed germination and
growth of ber (Ziziphus mauritiana Lamk). Haryana J.
Hort. Sci. 1984; 13(3-4):118-122.

M1
41.99
27.07
22.36
14.82

5.

6.
7.

8.

9.

~ 1947 ~

60 DAS
M2 M3
44.81 32.81
35.09 27.82
25.69 19.69
19.52 11.75
0.87
2.54

Seedling vigour index- II
90 DAS
M1
M2
M3
M1
119.35 108.03 101.22 388.73
75.90 53.13 49.16 136.68
38.61 46.17 37.55 74.67
19.81 24.52 16.56 30.85
2.46
7.19

120 DAS
M2
M3
282.15 293.33
121.31 115.79
69.88 72.23
27.52 26.18
5.69
16.60

Deepika, Vanajalatha, Yadav A. Effect of seed storage on
seed viability, germinability and morphological
characteristics of karonda (Carissa carandas) seedlings.
Asian Journal of Advances Basic science. 2014; 2(3):1-6.
Hartmann HT, Kester E. Plant Propagation Practices.
New Delhi, India: Prentice Hall of India Pvt. Ltd. 1997.
Khopkar RR, Haldavanekar PC, Parulekar YR, Mali PC,
Thorat SB. Seed germination of pummel (Citrus grandis
L. Osbeck) as affected by storage period and pre-sowing
treatments. Asian Resonance. 2014; 3(3):55-59.
Kumawat R, Maji S, Govind, Meena DC. Studies on seed
germination and seedling growth of papaya (Carica
papaya L.) cv. Coorg Honey Dew as influenced by media
and chemicals. Journal of Crop and Weed. 2014;
10(2):281-286.
Mahasin AD, Mustafa AE. Evaluation of storage
duration, storage containers and storage temperatures on
the germination of mango (Mangifera indica L.) seed

International Journal of Chemical Studies

stones. Indian Journal of Agriculture Innovations and
Research. 2015; 3(5):1430-1434.
10. Ramteke V, Paithankar DH, Manohar MB, Kurrey VK.
Impact of GA3 and propagation media on growth rate
and leaf chlorophyll content of papaya seedlings.
Research J. of Agri. Sci. 2016; 7(1):169-171.
11. Singh RM, Singh ID. Effect of method and duration of
storage on seed germination and seedling vigour in
papaya (Carica papaya L.). Seed Research. 1981;
9(1):67-72.

~ 1948 ~

