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ABSTRACT

An experiment was conducted to observe the effect of various rooting media
on the growth of stools. During the investigation programme, ten hilling
materials were applied viz., Vermiculite (T1), Saw dust(T2), FYM (T3)
,Vermicompost (T4), Vermiculite + Saw dust + Pseudomonas (T5), Vermicultite
+ Saw dust +Azotobacter (T6), FYM + Vermicompost + Pseudomonas (T7), FYM
+ Vermicompost + Azotobacter (T8), Pseudomonas + Azotobacter+ Soil (T9),
Control(T10) (only soil was used as a hilling material). The rootstocks used
during the research programme consist of M-9 T337 (§1), M-27(52), MM-106(S3),
P-22(84), MM-111(S5). The experimental results showed that maximum shoot
incremental growth (67.90 cm), shoot length (120.46 cm) and leaf area (32.00
cm2) were recorded under FYM + Vermicompost + Azotobacter treatment.
Maximum mean soil hydrothermal condition Viz., temperature (26.130C) was
recorded under saw dust treatment. Maximum mean soil moisture content
(23.44%) was recorded in under vermiculite which was significantly, higher
as compared to all other hilling media however root fresh weight (8.05) and
root dry weight (5.91g), were recorded with saw dust (T2). The minimum shoot
incremental growth (38.83 cm), shoot length (61.62 cm), leaf area (26.90cm2),
root fresh weight (4.43 g), root dry weight (2.43 g) and mean soil hydrothermal
conditions viz., soil temperature and soil moisture were observed under
control (only soil was used a hilling media). Among the various propagation
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techniques it was observed that propagation technique P2 (trench layering)
had a significant effect over P1 (mound layering) with regard to average shoot

length, shoot incremental growth and leaf area.

Keywords: Clonal rootstocks, hilling media, shoot length, hilling media
temperature, Leaf area, FYM + Vermicompost+ Azotobacter and saw dust.

INTRODUCTION

The first commercial development of clonal
rootstocks began in apples to control tree vigour
and incorporate resistance to the woolly apple
aphid (Eriosoma lanigerum Hausmn.)[1] .This
development took place in 1922 at the John Innes
Institute in cooperation with the East Malling
Research Station, UK, which led to the release
of the Merton Immune and the Malling-Merton
series [2].

Historically, most of the clonal apple
rootstocks that we use in the Jammu and
Kashmir traditionally originated in Europe [3].

© 2022 by the authors. The license of
Theoretical Biology Forum. This article is
an open access article distributed under
the terms and conditions of the Creative
Commons Attribution (CC BY) license (http://
creativecommons org/licenses/by/4.0/).

Rootstock is an essential component to enhance
fruit quality and productivity In Kashmir valley
the apple trees, raised on seedling rootstocks
are used on commercial scale. These seedling
rootstocks are variable in their influence on the
scion varieties due to their heterogeneous nature
[3]. Poor quality, uneven packaging, marginality
and fragility and low profits coupled with high
production costs are forcing apple growers to
improve upon efficiency and productivity. In this
regard High Density Planting (HDP), which is only
possible by the use of size-controlling rootstocks
of homogeneous nature, can increase productivity
and ensure improved efficiency [4-5]. This has
stimulated interest in size-controlling clonal
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Table:-1 Effect of different rooting media, propagation methods and their interaction on the average
shoot length (cm) of rooted layers of different apple clonal rootstocks

(Pooled over 2017 and 2018)

Propagation P1; Mound Layering P2; Trench Layering M
Sub Sub d.e' Rootstock
Rootstock Mean Mean 1a Mean
s1 | s2 S3 S4 S5 s1 s2 | s3 S4 S5 Mean
Media
:llit;everm'c' 72.25 | 60.44 | 84.66 | 71.96 | 88.61 | 75.58 | 83.07 | 68.20 | 100.57 | 82.49 | 107.44 | 88.35 | 81.97 | S1=86.54
T2; Saw dust | 73.64 | 6534 | 87.62 | 73.96 | 88.61 | 77.83 | 91.81 [ 69.05 | 10331 | 82.57 | 107.78 | 90.90 | 84.37 | s2=70.82
T3;FYM 86.53 | 67.95 | 89.40 | 83.90 [ 99.34 | 85.42 | 95.57 | 74.70 | 10533 | 99.56 | 108.92 | 96.82 | 91.12 | $3=99.34
Z:m;’z:i‘" 86.70 | 67.30 | 101.72 | 84.22 | 102.47 | 88.48 | 97.18 | 76.46 | 106.42 | 101.41 | 109.60 | 98.21 | 93.35 | $4=84.28
TS;
Vermiculite+
Saw dust+ | 75.60 | 68.15 | 87.83 | 75.81 | 94.16 | 80.31 | 92.32 | 70.11 | 103.78 | 82.57 | 108.09 | 91.37 | 85.84 | $5=102.79
Pseudomo-
nas
T6;
Vermiculitet | o0 50| c0 o | 8830 | 76.63 | 95.60 | 80.85 | 9374 |70.88 | 10378 | 83.79 | 10843 | 92.12 | 8649
Saw dust+
Azotobacter
T7;
FYM+Ver-
micompost+ | 86.74 | 69.84 | 104.42 | 84.31 | 105.41 | 90.14 | 100.81 | 82.62 | 119.33 | 101.92 | 110.39 | 103.01 | 96.58
Pseudomo-
nas
T8;
FYM*+Ver- | o) 341 8250 | 104.66 | 86.54 | 105.81 | 9337 | 102.34 | 86.24 | 12043 | 103.31 | 120.46 | 106.56 | 99.96
micompost+
Azotobacter
T9;Pseudo-
monas+
83.97 | 67.30 | 88.71 | 77.65 | 97.49 | 83.02 | 93.74 | 72.69 | 104.55 | 85.33 | 108.92 | 93.05 | 88.04
Azotobacte-
r+Soil
T10; 68.53 | 61.62 | 81.43 | 66.76 | 85.89 | 72.85 | 82.21 | 68.20 | 98.42 | 80.93 | 104.42 | 86.84 | 79.84
Control
Mean 79.80 | 67.73 | 92.09 | 78.17 | 96.13 | 82.78 | 93.28 [ 73.92] 106.59 | 90.39 | 109.45 | 94.73 | 88.76
S1; M 9 T337 S2; M-27 S3; MM-106 S4; P-22 S5; MM-111
C.D(p<0.05)
Media (M) 0.74 : MxP 1.04
Rootstock (S) : 0.52 ; MxS 1.6
Propagation (P): 0.33 ; PxS 0.74
MxPxS 2.34

rootstocks. In recent years, the demand for fruit
plants has increased significantly because of the
introduction of the new cultivars and re-plantation
of old unproductive orchards. Therefore the
present study was conducted to assess the impact
of various hilling media on the growth of stools
through different propagation techniques

MATERIALS AND METHODS

The present investigation was carried out at
Experimental Farm SKUAST-Kashmir, The
planting material for the experiment consisted

of M-9 T337 (S1), M-27(S2), MM-106 (S3),
P-22(S4) and MM-111 (S5) rootstocks. The
planting material was imported from Holland
in 2016 and planted at spacing of 90cm x 45cm.
At the time of conducting present experimental
studies, the age rootstock stools were one year
old. During the present investigation programme
two propagation techniques viz, mound layering
(P1) and trench layering (P2) were adopted
for the multiplication of clonal rootstocks. Ten
hilling materials were applied viz.,, Vermiculite
(T1), Saw dust(T2), FYM(T3) ,Vermicompost

15
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Table :- 2 Effect of different rooting media, propagation methods and their interaction on the shoot
incremental growth (cm) of rooted layers of different apple clonal rootstocks

Propagation P1; Mound Layering P2; Trench Layering
Me-
Rootstock Sub Sub dia Rootstock
s1 2 | s3 S4 $5 | Mean | s 2 S3 s4 | s5 |[Mean | o | Mean
Media
:llit;everm'c' 45.00 | 40.50 | 48.00 | 43.17 | 52.5 | 46.66 | 46.17 | 41.33 | 48.67 | 44.33 | 56.67 | 46.60 | 46.43 | $1.56.21
T2; Saw dust | 46.84 | 4234 | 48.67 | 4534 | 5534 | 4930 | 50.50 | 42.67 | 52.17 | 4734 | 63.34 | 49.60 | 49.36 | s2=48.04
T3;FYM 59.84 | 47.67 ] 60.50 | 59.67 | 67.67 | 59.97 | 62.84 | 51.83 | 64.83 | 56.67 | 72.17 | 60.77 | 60.37 | s3=57.12
Z:m;’z:i‘" 61.50 | 52.34 | 62.17 | 62.34 | 69.17 | 6234 | 63.83 | 53.17 | 65.67 | 6133 | 7334 | 62.63 | 62.49 | $4=53.75
i K
Vermiculite+
Saw dust+ 5234 | 4333 | 5434 | 46.84 | 57.83 | 52.74 | 53.84 | 43.67 | 56.17 | 50.00 | 66.84 | 52.30 | 52.52 | $5=65.16
Pseudomo-
nas
Té6;
Vermiculitet | o 5 | 45 07| sa67 | 50.84 | 61.84 | 5434 | 5855 | 465 | 60.50 | 5033 | 68.00 | 55.54 | 54.94
Saw dust+
Azotobacter
T7;
FYM+Ver-
micompost+ | 62.67 | 54.50 | 63.84 | 62.17 | 70.84 | 63.74 | 66.67 | 56.34 | 68.67 | 65.33 | 76.50 | 65.57 | 64.65
Pseudomo-
nas
T8;
FYM#Ver- 1 s 50 | 6234 | 66.00 | 6433 | 7433 | 67.13 | 68.84 | 63.67 | 71.00 | 6550 | 7750 | 68.67 | 67.90
micompost+
Azotobacter
T9;Pseudo-
monas+
5517 | 46.84 | 58.67 | 5434 | 64.67 | 57.20 | 58.67 | 47.83 | 63.17 | 53.83 | 71.00 | 57.63 | 57.42
Azotobacter+
Soil
g‘:tml 41.67 38.83 | 43.84 | 42.84 | 49.84 | 4430 | 44.17 | 4033 | 4533 | 43.67 | 56.33 | 44.67 | 44.49
Mean 54.44 | 4734 | 55.05 | 53.67 | 62.25 | 55.71 | 57.99 | 4873 | 592 | 53.83 | 68.07 | 56.40 | 56.06
S1; M-9 T337 S2; M-27 S3 ; MM-106 S4; P-22 S5; MM-111
C.D(p<0.05)
Media (M) 0.63 : MxP :0.90
Rootstock (S) : 0.45 ; MxS :1.4
Propagation (P): 0.28 ; PxS :0.63
MxPxS : 2.02

(T4), Vermiculite+ Saw dust+ Pseudomonas (T5),
Vermicultite + Saw dust +Azotobacter (T6), FYM
+ Vermicompost + Pseudomonas (T7), FYM +
Vermicompost+ Azotobacter(T8), Pseudomonas+
Azotobacter+ Soil (T9), Control(T10) (only soil
was used as a hilling material).

Shoot incremental growth of rooted layers (cm).

In this case twenty uniform and healthy stools
were randomly selected in each replication
and the length of each shoot was measured at
beginning and end of growing season between the
point of next growth initiation to the tip of shoot.
The length of these shoots were measured with a

measuring scale after the cessation of growth and
expressed in centimeter.The leaf area (cm?) were
recorded during first week of October when leaves
were fully developed. Twenty five leaves collected
at random from each of the ten marked stool
shoots and the total leaves were measured with
the help of Leaf Area Meter (LI-COR Model-3100)
and then reading was averaged in cm? The data
on shoot length (cm) were recorded at the end of
growing season when the cessation of growth had
taken place. Five stool shoots were selected from
each replication under each treatment to obtain
the linear growth, which was measured with the
help of measuring scale. The total linear growth

16
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Table:-3 Effect of different rooting media, propagation methods and their interaction on the average leaf
area (cm?) of different apple clonal rootstocks
(Pooled over 2017 and 2018).

Propagation P1; Mound Layering P2; Trench Layering
Me-
Rootstock Sub Sub dia Rootstock
s1 | s2 | s3 | s4 | s5 [Mean| s1 | s2 | s3 | s4 s5 |Mean| Mean
Media
:llit;everm'c' 26.11 | 24.41 | 26.51 | 2535 [ 2838 | 26.15 | 27.12 | 26.41 | 28.93 | 27.01 | 2826 | 27.54 | 27.12 | S1=28.54
T2; Saw dust | 26.53 | 25.14 | 26.75 | 26.00 | 29.48 | 26.78 | 2736 | 26.62 [ 29.11 | 27.41 | 29.70 | 28.05 | 2736 | s2=26.72
T3;FYM 29.45 | 26.54 | 30.03 | 28.07 [ 31.47 [ 29.11 | 30.12 [ 28.00 | 29.92 [ 29.07 | 30.60 | 29.55 | 30.12 | $3=29.03
Z:m;’z:i‘" 30.06 | 26.61 | 30.44 | 29.33 [ 31.95 [ 29.68 | 30.56 | 28.23 | 29.93 | 2938 | 30.73 | 29.78 | 30.56 | $4=28.01
i K
Vermiculitet | ¢ oo | 2575 | 27.83 | 2659 | 29.57 | 27.28 | 27.75 | 26.95 [ 2921 | 27.54 | 3024 | 2835 | 2775 | s5=30.33
Saw dust+
Pseudomonas
T6;
Vermiculitet | 0 o3 | 5635 | 2807 | 26.65 | 30.48 | 27.70 | 28.50 | 27.65 | 29.74 | 28.56 | 3028 | 28.95 | 28.50
Saw dust+
Azotobacter
T7;
FYM+Ver- 30.68 | 26.72 | 30.79 | 30.09 [ 32.19 | 30.09 | 30.01 | 28.47 | 30.70 | 29.65 | 31.47 | 30.07 | 30.01
micompost+
Pseudomonas
T8;
FYM+Vermi- | 5,161 2730 | 3141 | 30.60 | 32.47 | 30.58 | 30.71 | 29.44 [ 3132 | 3049 | 32.00 | 3080 | 30.71
compost+
Azotobacter
T9;Pseudomo-
nas+ 27.78 | 26.43 | 2834 | 26.73 | 30.89 | 28.03 | 29.52 | 27.81 | 29.76 | 28.64 | 30.50 | 29.26 | 29.52
Azotobacter+-
Soil
g‘:tml 2546 | 2524 | 26.23 | 2435 27.74 | 25.80 | 26.90 | 25.24 | 28.11 | 26.24 | 28.13 | 26.93 | 26.90
Mean 28.17 | 25.96 | 28.55 | 27.53 | 30.46 | 28.13 | 28.92 | 27.49 | 29.52 | 28.48 | 3021 | 28.93 | 28.92
S1;M-9 T337 S2; M-27 S3; MM-106 S4; P-22 S5; MM-111
C.D(p<0.05)
Media (M) 0.54 : MxP 0.77
Rootstock (S) 0.38 ; MxS 1.20
Propagation (P) 0.24 ; PxS 0.54
MxPxS 1.70

was measured from ground level to the tip of the
stool shoot, and was expressed in centimetre
per stool shoot. Soil hydro thermal conditions
viz., Soil temperature (°C) and soil moisture (%)
of experimental area was recorded at depth of
15-30cm with the help of soil thermometer and
soil moisture meter. First reading was taken on
15" April and subsequent readings at 60 days
intervals. Final reading was recorded at the end
of growing season. The data presented is pooled
data of two years (2016-2017 and 2017-2018)
was statistically analyzed as per standard method
[6]. Statistical analyses were done by using
Assex Software (Statistix PC Dos Version 2.0 NH
Analytical Software).

RESULTS AND DISCUSSION

The data on growth of rooted layers viz., shoot
length, shoot incremental growth, leaf area,
root fresh weight and root dry weight and soil
hydrothermal conditions viz., soil temperature
and soil moisture attained by different apple
clonal rootstocks and as affected by different
rooting media and two propagation techniques
are presented in Table -1, 2 3,4 and 5 and 6. It is
clear from the data that all the rootstocks differed
significantly among themselves in respect of
average shoot length. MM-111 attained the
maximum shoot length (102.79 cm) followed

17
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Table 4: Effect of different rooting media, propagation methods and their interaction on root fresh
weight (g) of rooted layers of different apple clonal rootstocks (pooled over 2017 and 2018)

Propagation P1; Mound Layering P2; Trench Layering
. Root-
Rootstock Sub Sub | Media stock
st | s2 | s3 | s4 S5 | Mean [ s1 | s2 S3 S4 | s5 [Mean| Mean | 0
Media
M1; Vermiculite | 639 | 436 | 676 | 543 | 728 | 604 | 735 [ 532 | 771 | 638 | 823 | 7.00 | 652 | s1=6.48
M2; Saw dust 845 | 491 [ 906 | 557 | 987 | 757 | 9.40 | 588 | 1000 | 652 [ 1082 | 852 | 805 | s2=4.42
M3;FYM 611 | 372 [ 632 | 522 | 634 | 554 | 707 | 468 | 728 | 618 | 734 | 651 | 6.03 | $3=6.85
x‘;ivermw““" 6.15 | 420 | 6.64 | 538 | 678 | 583 | 7.10 | 5.6 | 7.60 | 633 | 774 | 679 | 631 | s4=5.52
MS5;
Vermiculite+ 825 | 468 | 844 | 551 | 878 | 7.13 | 920 | 564 | 9.40 | 647 | 971 | 808 | 7.61 | s5=7.54
Saw dust+ Pseu-
domonas
Mé;
Vermiculite+
697 | 444 | 728 | 545 | 869 | 657 | 792 | 540 | 821 | 640 | 965 | 752 | 7.04
Saw dust+ Azoto-
bacter
M7;
FYM+Vermi- 550 | 371 | 564 | 459 | 620 | 513 | 645 | 467 | 664 | 554 | 7.14 | 600 | 5.61
compost+ Pseu-
domonas
MS;
FYM+Vermi- 450 | 353 | 48 | 417 | 589 | 458 | 545 | 448 | 580 | 513 | 682 | 554 | 5.06
compost+
Azotobacter
MO9;Pseudomo-
nas+ 438 | 298 | 460 | 410 | 541 | 428 | 532 | 391 | 555 [505] 632 | 523 | 476
Azotobacter+ Soil
M10;
337 [ 291 | 417 | 3.10 | 538 | 396 | 432 | 388 | 513 [4.05] 630 | 491 | 443
Control
Mean 601 [ 394 | 637 | 505 | 706 | 569 | 696 | 490 | 733 | 6.00 | 801 | 6.64 | 6.16
S1; M-9T337 S2; M-27 S3; MM-106 S4;P-22 S5; MM-111
C.D (p<0.05)
Media (M) 0.38 ; MxP 0.73
Rootstock (S) : 0.26 ; MxS 0.85
Propagation (P): 0.17 ; PxS 0.38

MxPxS: 1.20

by MM-106 (99.34) whereas, M-27 produced
minimum least shoot length (70.82cm). The effect
of different rooting media on shoot length was
also found to be significant. The stools of different
clonal rootstocks with FYM+ vemicompost +
Azotobacter as hilling medium produced more
shoot length (99.96 cm) followed by 96.58cm
with FYM+ vemicompost + Pseudomonas as hilling
medium and the least shoot length (79.84 cm)
was observed in control (when only soil was used
as hilling material).Interaction between rooting
media, propagation methods and rootstocks were
also found to be significant. The maximum shoot
length (120.46 cm) was recorded in MM-111 (S,)
with FYM+ vermicompost+ Azotobacter as hilling
medium followed by MM-106 (120.43 cm) when
they were propagated through trench layering.

The least shoot length (61.62 cm) was recorded
in M-27 (S,) with soil as hilling media when it
was propagated through mound layering. Further
it was observed that propagation technique P,
(trench layering) had a significant advantage over
P, (mound layering) with a value of 94.73 cm as
compared to 82.78 cm with regard to average
shoot length.

Among the different rooting media maximum
shoot incremental growth (67.90 cm) was
recorded with FYM+Vermicompost+Azotobacter
asahilling materialand theleastshootincremental
growth (44.49 cm) was recorded in control. The
perusal of the data shows that among the different
rootstocks maximum shoot incremental growth
(65.14 cm) was found in MM-111 followed by

18

© 2022 Theoretical Biology Forum. All Rights Reserved.



Sheikh Mehraj., / Theoretical Biology Forum (2022)

Table 5: Effect of different rooting media, propagation methods and their interaction on root dry weight
(g) of different apple clonal rootstocks (pooled over 2017 and 2018)

Propagation P1; Mound Layering

P2; Trench Layering

Sub
Mean

Rootstock

S1 S2 S3 S4 S5

Media

S1

Sub
Mean

Media
Mean

Rootstock

S2 S3 S4 S5 Mean

T1; Vermic-

ulite 4.29

345 | 4.64 3.67 | 5.09 | 423

4.52

358 | 464 | 3.85 | 4.73 4.26 4.25 S1=4.08

T2; Saw dust 631 | 3.78 | 6.15 6.10 | 738 | 594

5.26

485 | 6.56 | 6.02 | 6.86 591 593 S2=3.39

T3;FYM 4.05 | 332 3.71 356 | 428 | 3.78

3.98

352 | 439 | 3.73 | 4.55 4.03 391 S3=4.28

T4; Vermi-

4.07
compost

343 | 4.28 365 | 435 | 3.96

4.45

354 | 449 | 385 | 4.63 4.19 4.07 S4=3.86

TS;
Vermiculite+
Saw dust+
Pseudomonas

558 | 3.71 | 6.01 479 | 643 | 5.30

5.33

401 | 586 | 521 | 6.31 5.34 5.32 S5=4.37

T6;
Vermiculite+
Saw dust+
Azotobacter

473 | 3.62 | 532 377 | 6.07 | 4.70

4.88

3.62 | 509 | 3.85 | 5.74 4.64 4.67

T7;
FYM+Ver-
micompost+
Pseudomonas

2.75 | 2.66 | 3.60 346 | 418 | 333

4.20

338 | 3.62 | 3.46 | 432 3.80 3.56

T8;
FYM+Vermi-
compost+
Azotobacter

2.50 | 245] 2.88 248 | 3.44 | 275

3.30

275 | 331 | 339 | 342 3.23 2.99

T9;Pseudomo-
nas+
Azotobacter+
Soil

245 | 234 282 231 | 342 | 2.67

3.09

270 | 3.25 | 2.83 | 3.36 3.05 2.86

T10;

Control 2.00

1.89 | 245 1.90 | 3.17 | 235

2.56

1.74 | 3.13 | 2.05 | 3.30 | 2.50 243

Mean 394 | 3.07 | 4.13 379 | 455 | 3.90

4.27

337 | 440 | 3.82 | 464 | 4.10 4.00

S1; M-9T337 S2;M-27 S3; MM-106 S4;P-22 S5, MM-111

C.D(p<0.05)

Media (M) 0.16 ; MxP

Rootstock (S) : 0.11 ; MxS

Propagation (P): 0.17 PxS
MxPxS: 0.50

MM-106 (57.12 cm) whereas, the minimum shoot
incremental growth (48.03 cm) was recorded
in M-27. Interaction between hilling material,
rootstocks and propagation methods were also
found to be significant. The maximum shoot
incremental growth was found in MM-111(77.50
cm) with FYM+Vermicompost+ Azotobacter as
hilling medium and under trench layering while as
minimum shoot incremental growth (38.83 cm)
was recorded in control. Further it was observed
that propagation technique P, (trench layering)
had a significant effect over P, (mound layering)
in terms of shoot incremental growth 56.40 cm as
compared to 55.71 cm

The perusal of the data shows that all the rooting

0.23
0.37
0.52

media significantly increased the leaf area of
different apple clonal rootstocks. However,
maximum leaf area (30.71 cm?) was recorded
with FYM+Vermicompost+Azotobacter as hilling
materialandtheminimum]leafarea(26.90cm?)was
recorded in control. Among the various rootstocks,
the maximum leaf area (30.33 cm?) was found in
MM-111 which was significantly higher than M-27
(26.72 cm?). Interaction between rooting media,
rootstocks and propagation techniques were also
found to be significant. The maximum leaf area
was found in MM-111 (32.00 cm? ) with FYM+
Vermicompost+ Azotobacter as hilling material
under trench layering followed by 31.47 cm? with
FYM+ Vermicompost+ Pseudomonas as hilling
material. In the present study it was also observed

19
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Table 5:- Effect of different rooting media, propagation methods and their interaction effect on the soil
hydro thermal condition viz, soil temperature (°C) of rooted layers (15-30 cm depth) of different apple

clonal rootstocks (pooled over 2017 and 2018)

15™ April 15™ June
Treatment S1 S2 S3 S4 S5 Submean S1 S2 S3 S4 S5 Submean
T1 17.86 | 17.49 | 17.75 | 17.50 | 17.87 17.69 25.48 2546 | 25.77 | 24.51 | 25.00 17.69
T2 17.83 | 18.38 18.8 | 18.63 | 18.94 18.71 26.04 26.98 | 26.39 | 26.01 | 26.13 18.71
T3 17.68 | 17.13 | 17.01 | 17.65 | 17.38 17.37 25.44 25.01 | 25.56 | 25.26 | 25.01 17.37
T4 17.94 17.4 17.79 | 17.65 | 17.60 17.67 25.96 25.66 | 25.89 | 2548 | 25.72 17.67
TS 17.68 | 17.38 | 17.07 | 17.95 | 17.52 17.52 24.64 24.55 | 25.36 | 25.99 | 25.65 17.52
T6 17.69 17.9 17.71 | 17.56 | 17.22 17.61 24.59 24.59 | 25.79 | 25.58 | 25.63 17.61
T7 17.90 | 17.35 17.7 | 17.71 | 17.08 17.34 25.23 24.61 | 25.18 | 25.36 | 25.05 17.34
T8 16.81 | 16.81 | 16.37 | 16.96 | 16.44 16.27 23.83 2341 | 2492 | 24.82 | 24.44 16.50
T9 16.88 | 16.88 | 15.34 | 16.22 | 16.03 16.16 23.04 22.84 | 24.51 | 24.63 | 24.80 16.16
T10 15.27 | 15.27 | 16.37 | 1431 | 15.04 15.09 20.55 20.48 | 23.87 | 22.41 | 23.41 15.21
Mean 16.65 | 16.65 | 16.41 | 16.43 | 16.51 16.41 23.78 23.65 | 24.62 | 24.30 | 24.38 16.48
15™ August 15" October
Treatment | S1 | s2 | s3 | s4 | s5 | Submean | sI s2 | s3 | s4 | s5 | Submea R";S;?k
Tl 26.66 | 26.56 | 26.50 | 26.51 | 26.05 26.46 22.58 22.03 | 22.51 | 22.66 | 23.38 22.43 22.90
T2 27.94 | 27.76 | 27.02 | 27.01 | 27.53 26.45 23.94 2348 | 23.01 | 23.86 | 24.05 23.47 22.73
T3 26.47 | 26.36 | 26.66 | 26.26 | 26.73 26.50 22.44 2277 | 22.26 | 22.50 | 23.25 22.44 23.00
T4 26.97 | 26.61 | 26.49 | 26.48 | 26.08 26.53 22.55 22.38 | 22.48 | 22.61 | 23.03 22.41 22.96
TS 26.56 | 26.17 | 26.84 | 26.99 | 26.35 26.58 22.39 2295 | 2299 | 22.77 | 23.62 22.74 21.75
T6 26.55 | 26.48 | 26.56 | 26.58 | 26.74 26.58 22.52 22.61 | 22.58 | 21.62 | 23.33 22.53
T7 26.81 | 26.04 | 26.57 | 26.36 | 26.70 26.50 22.24 22.86 | 22.36 | 22.53 | 23.80 22.56
T8 26.57 | 26.12 | 26.52 | 26.82 | 26.35 26.48 22.47 22.14 | 22.82 | 22.12 | 23.99 22.51
T9 26.70 | 26.44 | 26.27 | 26.63 | 26.23 26.45 22.42 22.29 | 22.63 | 22.11 | 23.98 22.49
T10 2546 | 25.03 | 25.27 | 25.41 | 25.34 25.30 21.42 2192 | 21.41 | 21.53 | 22.39 21.53
Mean 26.66 | 26.35 | 26.47 | 26.50 | 26.41 26.48 22.49 22.54 | 22.50 | 22.53 | 2348 22.51
C.D (p<o0.05)
Days (D) 0.21
Stock (S) 0.18
Media (M) 0.26

Propagation ( P) NS

that propagation technique P, (trench layering)
had a significant effect over P, (mound layering)
in terms of leaf area 28.93 cm? as compared to
28.13cm %

Itisclearfromthedatathatrootstocks, propagation
techniques as well as rooting media had a
significant effect on average root fresh weight and
root dry weight presented in table-4, 5. Both MM-
111 (S5) and MM-106 (S3) attained significantly
maximum root fresh weight and dry weight per
layer (7.54, 591 g and 6.85, 4.28 respectively)
than M-27(S2), which attained the minimum root
fresh weight (4.42 g). The rootstocks mounded
with Saw dust produced maximum root fresh
weight (8.05 g) and the minimum root fresh
weight (4.43 g) was recorded in control (only
soil is used for hilling material). MM-111(S5)

earthed-up with saw dust under trench layering
produced maximum root fresh weight (10.82 g) in
comparison to all other treatment combinations.
However, minimum root fresh weight (2.91¢g) was
found in M-27(S2) with soil as a hilling material It
was observed that propagation technique P, had a
significant effect over P, with a value of 6.64 g as
compared to 5.69 g.

It is further evident from the data that rootstocks
had asignificant effect on root dry weight of rooted
layers. MM-111 (S5) produced the maximum root
dry weight (4.37g) followed by MM-106 (4.28g).
However, M-27(S2) produced the minimum root
dry weight (3.39 g). Maximum root dry weight
(6.86 g) was found in MM-111 (S5) with saw dust
as rooting media under trench layering and the
minimum root dry weight (3.07g) was observed

20

© 2022 Theoretical Biology Forum. All Rights Reserved.



Sheikh Mehraj., / Theoretical Biology Forum (2022)

Table-6 Effect of different rooting media, propagation methods and their interaction effect on the media
moisture (%) of rooted layers (15-30cm depth) of different apple clonal rootstocks (pooled over 2017

and 2018)
15" April 15" June

Treatment S1 S2 S3 S4 S5 Submean | SI1 S2 S3 S4 S5 Submean
T1 2838 [ 28.10 | 27.76 | 27.87 | 28.11 | 2567 |25.61| 2651 | 23.79 | 2485 | 25.28 2428
T2 26.85 [ 2694 | 26.76 | 26.85 | 2695 | 23.77 | 2430 24.77 | 2550 | 2433 | 2453 23.11
T3 27.00 | 27.00 | 28.06 | 26.17 | 27.07 | 24.07 |2425| 23.82 | 24.14 | 2444 | 24.14 | 2331
T4 27.09 [27.09 | 26.99 | 2742 | 27.19 | 2427 |24.14 | 24.08 | 24.01 | 23.84 | 2407 | 23.14
T5 27.19 [ 2730 | 2734 | 2723 | 2724 | 2417 |23.85| 24.10 | 24.14 | 2440 | 24.13 23.01
T6 27.12 | 27.11 | 27.06 | 27.40 | 27.17 | 2420 |23.89| 2425 | 24.00 | 24.15 | 24.10 | 23.09
T7 27.97 [ 27.02| 2692 | 27.00 | 2698 | 2395 |24.13| 2390 | 23.78 | 23.61 | 2387 | 23.12
T8 26.17 [ 27.05| 2698 | 26.87 | 26.79 | 23.66 |23.58| 24.04 | 24.19 | 24.01 | 2389 | 23.29
T9 26.81 | 26.55| 26.83 | 26.84 | 26.80 | 24.05 |23.93| 23.69 | 23.91 | 23.81 | 23.88 23.23
T10 2582 (2528 | 27.03 | 25.80 | 2595 | 22.80 |22.99| 2320 | 23.20 | 23.19 | 23.07 | 2226
Mean 2694 (2694 | 28.17 | 26.94 | 27.02 | 24.06 |24.07| 2423 | 24.07 | 24.06 | 2410 | 23.18

15™ August 15" October
Sl s2 | s3 | s4 S5 ;‘gn S s2 | s3 s4 | s5 | Submea “ﬁ:j‘lﬂ R"I‘;teztSCk
24.12 2447 [ 23.06 | 22.53 | 23.69 | 17.83 1644 | 1634 | 1633 | 1633 | 16.66 | 23.44 | 23.44 19.39
22.81 2325 | 2441 | 2426 | 2357 | 1668 | 1641 |1634| 1633 | 1633 | 1642 | 2287 | 22.87 23.58
23.07 2339 [23.12| 23.06 | 23.19 | 1656 | 1640 |1633 | 1633 | 1633 | 1639 | 2270 | 22.70 23.66
2291 2332 (23.07 | 22.80 | 23.05 | 16.80 | 1636 | 1633 | 1633 | 1633 | 1643 | 22.68 22.68 22.68
23.08 2323 | 2295 | 23.11 | 23.07 | 1674 | 1632 |1633| 1633 | 1633 | 1641 | 22.71 22.71 22.57
22.88 2273 [ 23.07 | 22.93 | 23.94 | 1635 1632 | 1633 | 1633 | 1633 | 1633 | 22.63 22.63
23.15 23.00 | 2291 | 23.07 | 23.05 | 1626 | 1633 |16.33| 1633 | 1633 | 1631 | 2255 22.55
23.10 2297 | 2335 23.10 | 23.16 | 1678 | 1628 |16.33| 1633 | 1633 | 1641 | 2256 | 22.56
22.86 2297 (2335 2267 | 23.01 | 1630 | 1628 |1634 | 1633 | 1633 | 1632 | 2250 | 22.50
21.64 22,05 | 22.12| 22.03 | 22.02 | 1538 | 1637 |1633| 1633 | 1633 | 16.15 | 21.80 | 23.80
22.96 23.14 | 23.14 | 2295 | 23.07 | 1657 | 1635 |1633| 1633 | 16.33 | 16.38 23.44
in M-27 (S2) under mound layering. Further during the whole growing season except in the

it was observed that propagation technique P,
(trench layering) had a significant effect over P,
(mound layering) in terms of root dry weight 4.10
g as compared to 3.90 g.

The perusal of data (Table-6) reveals that average
media temperature at 15-30 cm depth was
significantly influenced under all the hilling
media. Maximum mean media temperature
(28.05°C) was recorded under saw dust treatment
followed by Vermiculite+ Saw dust+ Azotobacter
(27.87°C). The minimum media temperature
(17.27°C) was recorded in control (when only soil
was used as hilling media).The media temperature
at 0-15cm depth also varied significantly during
different months and maximum mean media
temperature was recorded during the month
of August. The minimum media temperature
was observed on 15" April. In general, the
media temperature showed an increased trend

month of October where the media temperature
decreases. Maintenance of relatively higher media
temperature under saw dust is attributed to its
ability to create insulation over the soil surface,
thereby restricting the temperature inversion and
negative heat flux from the soil. The results of the
present study are in agreement with the findings
of [7] Wherein they studied the effect of mulch on
successive crop yields and soil carbon in Tonga
and found increased soil temperature under saw
dust. The effect of media temperature on the
propagation techniques viz., mound layering and
trench layering were found non-significant.

Perusal of Table-2 reveals that all the hilling
media significantly influenced the media moisture
content at 15-30 cm depth in various rootstocks
throughout the growing season. Maximum mean
media moisture content (29.54%) was recorded
in under vermiculite which was significantly,
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higher as compared to all other hilling media. The
minimum media moisture content (19.47%) was
recorded under control (when only soil was used
a hilling media).

The media moisture content at 15-30cm cm
depth also varied significantly during different
months and maximum mean soil moisture
content (28.54%) was recorded on 15" June and
the minimum (%) on 15®April. The increase in
media moisture in vermiculite is attributed due
to retention of higher water holding capacity
because of its swelling properties and light dark in
colour [8], wherein they studied the Influence of
nursery soil amendments on water relations, root
architectural development, and field performance
of Douglas-fir transplants and found increased
soil moisture under vermiculite. The effect of
media temperature on the propagation techniques
viz., mound layering and trench layering were
found non-significant.

The increase in shoot length and shoot
incremental growth might be due to the fact
that FYM+Vemicompost+Azotobacter directly
added organic carbon, improved soil physical and
chemical properties, improved soil health, soil
ecology and soil environment supplying essential
micronutrients, and build soil micro flora which
are involved in nitrogen fixation and recycling
pathways of other minerals beside maintenance
of humic substances in soil [9]. The high amount
of nitrogen due to more organic matter tends to
increase the vegetative growth [10].

The increase in leaf area might be due to the fact
that the plant cells grow in size by cell enlargement
which in turn requires water [11]. Turgidity
of cells helps in extension growth. Thus, plant
growth and further development is intimately
linked to the water status of the plant. As the
water content of the plant decreases, cells shrink
and the turgor pressure against cell walls reflexes,
results in reduction in the leaf area [11]. Increase
in Leaf area is a function of cell multiplication and
cell enlargement. Nitrogen forms a major source
for cell division and cell enlargement and is the
main component of chlorophyll, proteins and
nucleic acid [12].

The increase in leaf area under
FYM+Vermicompost+Azotobacter might be due
to adequate N which might has led to higher

metabolic activity resulting in higher production
of carbohydrates and phytohormones [13].
Azotobacter helps in increasing the biological
nitrogen fixation which is required for strong
vegetative growth. Vermicompost is rich source
of nitrogen, which is the direct component for the
synthesis of proteins in plants, thus the increase
in nitrogen supply accelerates synthesis of amino
acids which may directly result in excessive
growth and development of cells which might
have indirectly exhibited increased leaf area. [14-
15].

The increase in root characters/ traits in saw dust
may be attributed to continuous increase in media
temperature during the period of investigation
leading to an increase in metabolic activity of root
cells and the development of lateral roots which
in turn improves root growth and other rooting
characters [16]. Low soil temperature results in
reduced tissue nutrient concentrations and as
such decreases root growth [17].
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