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replications, there were two factors which comprised six levels of seed soaking Viz,,S; _-{comment (N54]: replicates )

(Water), S, (GAs @ 50 ppm), Sz (GAs @ 100 ppm), S4 (Cow urine @ 25 %), S5 (Cow urine ((comment pss). )

@ 50 %) and S¢ (Cow dung slurry; 1:1 w/w) and four levels of different growing media

viz.,G; (Sand + Vermicompost), G, (Sand + FYM), G3 (Sand + Vermicompost + Cocopeat)
and G4 (Sand + FYM + Cocopeat) which were used in 1:1 proportion on volume basis. The
seeds of acid lime were soaked before sowing in different seed soaking treatments for 12 hrs
in beaker. The seeds were dried for 10 minutes in shade after soaking. The dried seeds were

immediately sown in the polythene bags at 1.2 cm depth. The polythene bags were watered
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h‘]he days taken for germination of 50 % seeds from the date of sowing.were observed “_,./{Comment [N57]: Cover up the space. }

daily. The number of days was counted from the date of initiation:of germination up to the
date of germination of 50 % seeds. Germination percentage.was calculated:by dividing the
total number of seeds germinated by the total number of seeds sewn and multiplying it by
100. Observations were recorded with respect to seedling height, stem diameter and number
of leaves at 90, 120 and 150 days after sowing. Seedling height was measured from base of
seedling to highest tip of plant. Stem diameter was measured.1 cm above from the base of the
stem using Vernier caliper. Fresh and dry.weight of shoot as well as fresh and dry weight of
root were measured by destructive method of uprooting the plant and taking measurement by

standard method.

Germination percentage was recorded by using following formula:

Number of germinated seeds
x 100

Germination (%) = -
Total number of seedlings
Survival perieent was recorded by using following formula:

Total number of survived seedlings % 100

Survival (%).=
(%) Total number of seedlings

DATA ANALYSIS
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Panse and Sukhatme (1985). The treatment means were compared with C.D. at 5 per cent

level.
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Ws per the results, the significant different was observed between the treatment on .-

seed germination and seedling growth attributes.

Germination parameters

The germination parameters were significantly influenced by application of different -

seed soaking treatments and growing media combinations as shown in Figures 1-2. In Figure
1, the minimum number of days taken to 50 % germination (16.09) as well as maximum
germination percentage at 30 DAS (87.50 %) were recorded with treatment S; (GA3 @ 100
ppm). The minimum number of days taken to 50 % germination (16.49) as well'as maximum
germination percentage at 30 DAS (85.56 %) were observed when seeds of acid lime were
sown in growing media G; [Sand + Vermicompost + Cocopeat (1:1:1 v/v/v)]. Interaction of
S3G3 [GA; @ 100 ppm and Sand + Vermicompost + Cocopeat, (1:4:1 v/v/v)] recorded
minimum number of days taken to 50 % germination «(15.00) as. well as maximum
germination percentage (93.33 %) at 30 DAS,

This might be due to the promising effect of GA; on seed germination owing to its -

participation in the activity of alpha-amylase which catalyzed the starch conversion into
simple carbohydrates and chemical energy was liberated used in the activation of embryo and
as growing media have appropriate cation exchange capacity for retention of nutrients and
have the properties of good water holding capacity as well as being sufficient porous for
permitting adequate moisture and exchange of gases between media and embryo as reported

by Ramteke @and others ((2015) in papaya, Similar results were also found by Parasana and -

others (2013) in mango and Khatanaland others (2015) in Kagzi Lime.
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Fig. 1: Effect of seed soaking and growing media on number of days taken to 50 % -
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Growth parameters

The growth parameters were significantly influenced by application of different seed -

soaking treatments and growing media combinations as shown in Table 1-3. The various

growth parameters such as seedling height, stem diameter, number of leaves, fresh weight of
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shoot, dry weight of shoot, fresh weight of root, dry weight of root and survival percentage of

seedling were found significant among different treatments. The \height of seedling (cm) at

and 27.81 cm) at 90, 120 and 150 DAS, respectively was observed in Sz (GA;@ 100 ppm).
Among growing media, maximum height of seedling (15.79 cm, 22.19 cm and 26.76 cm) at
90, 120 and 150 DAS, respectively was observed in G; [Sand + Vermicompost + Cocopeat
(1:1:1)]. Interaction of S3G; [GA; @ O ppm and Sand + Vermicompost + Cocopeat (1:1:1
v/v/v)] recorded maximum seedling height (18.30 cm, 26.13 cm and 30.50 cm)at 90, 120 and
150 DAS, respectively.

Table 1: Effects of seed soaking and growing media on number of days taken to 50 %

germination, | |germination percentage at 30 DAS and seedling height (cm) of acid lime -

»-»{Comment [N70]: Unbold.
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seedling
Number of Germination Seedling height (cm)
Treatments days5t0a|:/§n o percentage 90.DAS 120 DAS 150 DAS
germination at 30 D{$
Factor A: Seed soaking (s)
S;: Water 20.47 65.83 9.46 14.69 19.20
S;: GA; @ 50 ppm 16.49 84.58 14.35 20.35 25.11
S;: GA; @ 100 ppm 16.09 87.50 16.68 23.40 27.81
S, Cow urine @ 25 % 19.16 71.67 10.98 16.49 21.31
Ss: Cow urine @ 50 % 18,86 73.33 11.35 17.12 21.72
Se: Cow dung slurry (1:1 wiw) 17.83 75.00 12.16 17.94 22.67
S.Emz 0.25 1.09 0.16 0.23 0.31
CD.at5% 0.70 3.10 0.46 0.65 0.89
Factor-B: Growing media (g)
Gy: Sand + Vermicompost 17.94 74.72 11.94 17.52 22.30
(1:1 viv)
Gz: Sand + FYM(1:1 v/v) 20.41 67.78 10.04 15.51 20.12
Gs.Sand + Vermicompost +
Cgcopeat (1:1:1 V/V/VF)) 16.49 85.56 15.79 22.19 26.76
Gy: Sah+ Fegugggortat 17.76 77.22 12.22 18.11 22.69
(L:1:1 viviv)
S.Em% 0.20 0.89 0.13 0.19 0.25
CD.at5% 0.57 2.53 0.38 0.53 0.73
Interaction (S x G)
S.Emz 0.49 2.18 0.33 0.45 0.62
CD.at5% 1.41 6.20 0.93 1.29 1.78
CV.% 4,72 4.94 451 4.30 471

uptake of nutrients, and thereby causing cell multiplication and cell elongation reflects in

greater intermodal length, ultimately resulting in increase in plant height as reported by Deb

and others (2014) in papaya and conducive effect of the media composition have low bulk -

density and higher water holding capacity resulting in better drainage of water and aeration
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which might have sustained good root and shoot growth leading to increase in seedling height

27.81 cm) at 90, 120 and 150 DAS, respectively was observed in Sz (GAs @ 100 ppm).
Among growing media, maximum stem diameter (15.79 cm, 22.19 cm and 26.76 cm) at 90,
120 and 150 DAS, respectively was observed in G; [Sand + Vermicompost .+ Cocopeat
(1:1:1)]. Interaction of S3G3; [GA; @ 100 ppm and Sand + Vermicompost + Coacopeat (1:1:1
v/v/Vv)] recorded maximum stem diameter (2.09 mm, 2.90 mm and 3.49 mm).at:90,"120 and
150 DAS, respectively,| ’
mt‘,i?,,,m,ig,h,t,,,,t,’,?,,,q‘,!?,,,,t,q,,QA,S,,,,i,U,‘?,T,‘?@S,‘?S,,,,SQW,@Fi,Q,,HPI?K?,,,Qf,,,!?!t,r,i,?,',‘@,,,9@!5!,’,‘,9,,,99',',,;’/

multiplication, cell expansion and elongation in the cambium tissue thus it increases stem

diameter of seedling (Feucht and Watson, 1958) in pea) and synergistic combinations of these ,f"

growing media attributed proper aeration, high water holding capacity and better nutrient
availability that enhance the physical condition of growing media leading to higher

production of photosynthetically functional leaves in this treatment resulting in better

at 90, 120 and"150 DAS, respectively was observed in Sz (GA; @ 100 ppm). Among growing
media, maximum number of leaves (16.94, 23.49 and 27.66) at 90, 120 and 150 DAS,
respectively:was:observed in G; [Sand + Vermicompost + Cocopeat (1:1:1)]. Interaction of
S3G3.[GA; @ 100 ppm and Sand + Vermicompost + Cocopeat (1:1:1 v/v/v)] recorded
maximum.number of leaves (19.87, 27.07 and 32.27) at 90, 120 and 150 DAS, respectivelyl

This might be due to the activity of GA;at apical meristem resulting in more synthesis i

of nucleoprotein which is responsible for increasing leaf number and expansion and a

appropriate media mixture provides better root environment to the plant leading to better

nutrient availability to the photo synthetically functional leaves that ultimately utilized for

more number of leaves (Ramteke [and others 2015). Similar findings were also reported by

Meena jand others (2012) and Anjanawe and others (2013) in Papaya and Parasana jand others |/
(2014) in mango.
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2.60 g, respectively) at 150 DAS was observed in S; (GAs; @ 100 ppm). Among growing
media, maximum fresh and dry weight of shoot (6.60 g and 2.57 g, respectively) at 150 DAS
was observed in Gs [Sand + VVermicompost + Cocopeat (1:1:1)]. Interaction of S3Gs [GAs @
100 ppm and Sand + Vermicompost + Cocopeat (1:1:1 v/v/Vv)] recorded maximum fresh and
dry weight of shoot (7.57 g and 3.05 g, respectively) at 150 DAS.

humid acid, which maintaining proper aeration and porosity and GAs, which increases cell
division and uptake of nutrients, thus increasing the growth of seedling. The increase in fresh
weight and dry weight might be because the combination of GAs and media increases the
water and nutrient transportation to aerial parts, which leads to production of photosynthetic

product and translocation of various plant parts, resulting in a higher fresh and dry weight of

shoot. Similar findings were obtained by Kumawat [and others [(2014) and Dayeshwari fand -
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others [(2017) in papaya.

Table 2: ]Effects of seed soaking and growing media on seedling diameter (cm) and number

of leaves of acid lime seedling

Treatments Seedling diameter (cm) Number of leaves
90 DAS | 120 DAS | 150DAS | 90DAS | 120 DAS | 150 DAS
Factor A: Seed soaking (s)
Si: Water 1.44 1.87 2.27 10.15 15.52 19.42
S, GA; @ 50 ppm 1.80 2.45 2.79 15.63 21.58 25.83
S;: GA; @ 100 ppm 1.94 2.66 3.11 17.82 24.10 28.78
S4 Cow urine @ 25 % 153 2.03 2.40 12.18 17.55 21.87
Ss: Cow urine @ 50 % 1.60 2.10 2.44 12.63 18.07 22.45
Se: Cow dung slurry (1:1 w/w) 1.66 2.18 2.56 13.43 19.13 23.33
S.Emz+ 0.02 0.03 0.03 0.19 0.20 0.24
C.D.at5% 0.06 0.08 0.09 0.54 0.56 0.67
Factor-B: Growing media (g)
Giggand RyerMcompost 163 2.14 2.48 13.08 1852 22.94
(1:1viy)
Gz: Sand + FYM (1:1 viv) 1.47 1.95 2.33 11.20 16.24 20.41
G3: Sand + Vermicompost +
Cocopeat (1:1-1 vIviv) 1.90 2.57 3.02 16.94 23.49 27.66
G.: Sand + FYM + Cocopeat 1.64 2.20 2.55 13.34 19.04 23.44
(1:1:1 viviv)
S.Em+ 0.02 0.02 0.02 0.16 0.16 0.19
C.D.at5% 0.05 0.07 0.07 0.44 0.46 0.55
Interaction (S x G)
S.Em+ 0.04 0.06 0.06 0.38 0.40 0.47
C.D.at5% 0.12 0.16 0.18 1.08 1.13 1.34

CV.% 4.35 4.50 4.14 4.84 3.55 3.45
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[Fig. D: Effect of seed soaking and growing media on stem diameter (mm) at 90 DAS, 120 -
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Figure

DAS and 150 DAS of acid lime

The fresh and dry weight of root (gm) at 150 DAS as shown in Table 3

Among seed soaking treatments, maximum fresh and dry weight of root (1.90 gand -

0.62 g, respectively) at 150 DAS was observedyin Sz, (GA: @ 100 ppm). Among growing
media, maximum fresh and dry weight of root (1.83:g and 0.59 g, respectively) at 150 DAS
was observed in G [Sand + Vermicompost + Cocopeat (1:1:1)]. Interaction of S3G; [GA; @
100 ppm and Sand + Vermicompost + Cocopeat (1:1:1 v/v/v)] recorded maximum fresh and
dry weight of root (2.59 ¢ and 0.81 g, respectively) at 150 DAS[.

ﬂhe increased root growth:is attributed to the fact that the combination of GAz and .-

media provides a better root environment for the plant, resulting in better nutrient availability
to the photosynthetically functional leaves and it also increases the translocation of food into

the root zone;which leads to increase in fresh weight of root thereby increased dry weight of

root, A similar.result was recorded by Ramteke bnd others ](2015) in papaya, Kaur (2017) in -

mango, Parab land others|(2017) in papaya.
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\Table 3: Effects of seed soaking and growing media on fresh weight of shoot, dry weight of

shoot, fresh weight of root, dry weight of root and survival percentage of acid lime seedling| /,,,«»—{cOmment [N108]: Bold the Table title.
Fresh Dry weight | Fresh weight | Dry weight Survival
Treatments weight of
shoot (q) of shoot (g) of root (g) of root (g) percentage
Factor A: Seed soaking (s)
Sy Water 4.33 1.54 0.84 0.21 62.50
Sz GA; @ 50 ppm 6.02 2.33 1.61 0.52 80.83
S3: GA; @ 100 ppm 6.90 2.60 1.90 0.62 88.75
Sy Cow urine @ 25 % 4.92 1.83 1.00 0.29 69.58
Ss: Cow urine @ 50 % 5.14 1.99 1.06 0.31 71.67
Se: Cow dung slurry (1:1 w/w) 5.22 2.02 1.18 0.36 73.75
S.Em+ 0.06 0.02 0.01 0.01 0.95
CD.at5% 0.18 0.06 0.04 0.01 2.70
Factor-B: Growing media (g)

G1: Sand + Vermicompost (1:1 v/v) 5.24 2.01 114 0.34 73.33
G,: Sand + FYM (1:1 viv) 4.59 1.59 0.91 0.25 65.00
Gz.Sand + Vermicompost +

Cocopeat (1:1:1 v/v/v) 6.60 2.57 a4 0.59 86.11
Gg4: Sand + FYM + Cocopeat (1:1:1 596 204 .19 037 73.61
V/Vv/v)

S.Em+ 0.05 0.02 0.01 0.00 0.77
CD.at5% 0.15 0.05 0.03 0.01 2.20

Interaction (S x.G)

S.Em+ 0:43 0.04 0.03 0.01 1.89
CD.at5% 0.36 0.12 0.08 0.03 5.39
CV.% 4.10 3.48 3.96 4.35 4.40

The Survival percentage of seedling at 150 DAS as shown in Table 3,

Among seed soaking treatments, maximum survival percentage of seedling (88.75 %) -

at 150 DAS was observed in S (GA; @ 100 ppm). Among growing media, maximum
survival percentage (86.11 %) at 150 DAS, respectively was observed in G; [Sand +
Vermicompost + Cocopeat (1:1:1)]. Interaction of S3G; [GAs @ 100 ppm and Sand +
Vermicompost + Cocopeat (1:1:1 v/v/v)] recorded maximum survival percentage of seedling
(96.67 %) at 150 DAS.

and shoot growth, which supports and encourage better survival of the seedlings (Rahangdale
2019) and media containing vermicompost and cocopeat as most of the constituents provided
a start for establishment of seedlings which further got supplemented by PGPR’s. Good
physical and biological conditions in media combination had positive effect on root and shoot

growth which also helps in better survival. Similar results were obtained by Ramteke [and

/,,»-»'{Comment [N109]: Unbold ]

Comment [N110]: Cover up the space.

-1 Comment [N111]: Cover up the space.




others [(2015) for papaya. These findings are in agreement with the results obtained by Gupta -

ppm and growing media Sand + Vermicompost + Cocopeat (1:1:1) significantly influenced

the seed germination, seedling growth and survivability of acid lime. The treatment
combination S;G; [GA; @ 100 ppm and Sand + Vermicompost + Cocopeat (1:1:1 v/iviv)]
was found superior and most effective for better physiological development of acid lime
seedlings over the rest of the treatment combinations.
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